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With the use of modernized industrial vacuum installations, a series of test samples of cadmium tellu-
ride films was produced by the method of thermal vacuum evaporation on glass substrates without a sub-
layer of transparent conductive oxide, with a sublayer of conductive oxide, and on molybdenum foil sub-
strates to study the influence of the substrate material on the structural parameters of the test samples.
The study of the structure was carried out by the method of X-ray diffractometric analysis, the parameters
of the lattice, the sizes of the regions of coherent scattering and the texture coefficient of the film were cal-
culated. Based on the results of research into the structural parameters of samples made on a glass sub-
strate, the presence of a cubic phase of cadmium telluride was established. It is shown that when the tem-
perature of the substrate increases, the texture of the samples increases and the presence of tensile stress-
es 1s observed, since the lattice period of the cubic phase is significantly higher than that of the tabular
phase. For a sample obtained on a glass substrate with a layer of transparent conductive ITO oxide at a
substrate temperature of 200 °C, the presence of two hexagonal phases H1 and H2 and a cubic phase C
was established. The samples obtained on a molybdenum foil substrate contain almost entirely the cubic
CdTe phase only in very thin sample no. 1 traces of the hexagonal phase are present. For the first thinnest
sample, only one main diffraction peak of the cubic phase is observed, which can be explained by the fact that
in the initial stages of the film growth, it grows as a highly textured cubic phase with the possible presence of
some hexagonal phase. From the analysis of the obtained results, it can be noted that the samples obtained on
the molybdenum substrate have a lattice parameter closest to the table data — 6.482-6.483 A. The structural
differences observed between the studied samples are due to the fact that they have a different preferred

orientation, which is most likely due to a change in the sputtering speed.
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1. INTRODUCTION

Cadmium telluride (CdTe) has remained one of the
most popular thin-film semiconductor materials for
creating economical and efficient device structures,
particularly thin-film solar cells for terrestrial applica-
tions [1, 2]. This is attributed to its optimal bandgap
for photoelectric conversion under terrestrial condi-
tions, high optical absorption coefficient enabling the
use of thick absorber layers of a few micrometers [3],
and the availability of material- and energy-efficient
CdTe film deposition technologies [4]. The world leader
in industrial production of the most efficient CdS/CdTe
solar modules is the company First Solar (USA) [4, 5].
In 2020, the total electrical capacity of First Solar's
manufactured solar modules reached 2.4 GW [6]. In
recent years, there has been a growing number of stud-
ies focusing on the application of cadmium telluride in
device structures for purposes other than solar cells. In
particular, the rapid switching effect between high and
low conductivity states in CdTe has been discovered
and actively researched. This effect can be utilized to
create memory devices based on cadmium telluride.
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Additionally, there is potential for investigating the
possibility of creating electronic device protection ele-
ments against electromagnetic pulses by exploiting the
rapid switching effect in structures based on cadmium
telluride. Commercial prospects have intensified scien-
tific research in developing the physical and technical
foundations of industrial technologies for obtaining
device structures based on CdTe [7-11]. Since the oper-
ation principle of these device structures is based on
kinetic charge carrier transport processes, and the
crystalline structure of the thin film directly influences
the charge carrier parameters [12-17], the study of the
influence of substrate materials on the structural prop-
erties of thin cadmium telluride films is a relevant task
in thin-film materials science.

The investigation focuses on the influence of the
substrate material on which thin films of cadmium
telluride (CdTe) are deposited on their structural prop-
erties.

2. CdTe BASED SAMPLES PREPARATION AND
SAMPLES TESTING TECHNIQUE
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In the upgraded vacuum system UVN-74, layers of
cadmium telluride (CdTe) were implemented and fabri-
cated using the thermal vacuum evaporation method at
various technological parameters of the substrate temper-
ature ranging from 100 to 300 °C. The initial vacuum lev-
el in the vacuum chamber was maintained at 10-5> Pa.
The thickness of the obtained samples and the deposition
rate were monitored using optical methods after the depo-
sition process. The deposition of CdTe layers took place on
glass substrates without a transparent conductive oxide
sublayer to investigate the thickness and deposition rate
of the layers, and with a sublayer of conductive oxide to
study the influence of the substrate material on the struc-
tural parameters of the test samples.

Additionally, the process of vacuum thermal evapo-
ration was implemented in the VUP-5M vacuum sys-
tem using a modernized vacuum chamber fixture. This
modernization was necessitated by the limitations of
the standard capabilities for implementing the vacuum
evaporation process in this setup. Moreover, this vacu-
um chamber has a smaller volume, allowing for an ac-
celerated process of obtaining basic functional layers of
cadmium telluride, considering the preparatory pro-
cesses for thermal deposition. To obtain thin semicon-
ductor films of CdTe using the thermal vacuum deposi-
tion method, a fixture was developed and manufac-
tured, including a resistive evaporator and a substrate
heater, adapted to the design of the standard industrial
vacuum system VUP-5M (Figure 1).

=T

Fig. 1 — Photograph of the thermal vacuum deposition system
in the VUP-5M vacuum system

Cadmium telluride layers were obtained at sub-
strate temperatures Ts = 350-400 °C, defining this pro-
cess as a low-temperature method for producing semi-
conductor layers. The initial vacuum level in the vacu-
um chamber of this setup was 10-4 Pa. Molybdenum
foil substrates were used to obtain test samples of pro-
tective elements. The deposition time was controlled to
monitor the formation of the cadmium telluride layer.

For the investigation of structural characteristics, a
series of samples of the base layer were fabricated from
CdTe films on conductive substrates, which could serve
as one of the contacts in the device structure during its
fabrication in a vertical configuration. Additionally,
samples were fabricated on a dielectric substrate,
which could be used as a base for the device structure
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in a horizontal configuration. The samples were pro-
duced using the thermal evaporation method, and the
structural analysis was conducted using X-ray diffrac-
tometry on a D8 DISCOVER diffractometer (BRUKER)
with 6-26 scanning in copper anode radiation.

3. STRUCTURAL PROPERTIES OF CADMIUM
TELLURIDE FILMS

Figures 2, 3, and 4 depict the diffraction patterns of
the CdTe film obtained on a glass substrate at sub-
strate temperatures of 100, 200, and 300 °C, respective-
ly. Tables 1, 2, and 3 present the results of the diffrac-
tion analysis (intensity I, integral intensity Ln:, lattice
parameter d, full width at half maximum FWHM). Cal-
culations of lattice parameters, coherent scattering
domain (CSD) sizes, and film texture coefficients are
provided in Table 4.
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Fig. 2 — Diffraction pattern of the CdTe film obtained on a
glass substrate at a substrate temperature of 100 °C
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Fig. 3 — Diffraction pattern of the CdTe film obtained on a
glass substrate at a substrate temperature of 200 °C

18000

Z %cl)f@fo
14000
12000
10000
8000
6000
4000
2000

0 -
20 30 40 50 60 70 24 8

Fig. 4 — Diffraction pattern of the CdTe film obtained on a
glass substrate at a substrate temperature of 300 °C
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Table 1 — Results of the diffraction analysis of the CdTe film
obtained on a glass substrate at a substrate temperature of
100 °C

CdTe 26, I, d, Iint, |FWHM,
deg pulse A pulse| deg

H1 (002)|23.70688| 2715.06 |3.74986|707.06|0.26487

H1 (110)| 39.2007 | 42.33 |2.29613| 33.16 |0.78327
galo | 39.5-46

C (311) |46.30546| 40.16 [1.95902| 30.2 |0.74778

H1 (006)|76.06612| 17.22 [1.25018| 11.07 |0.64201

As indicated by the results presented in Table 1, for
this sample obtained on a glass substrate at a sub-
strate temperature of 100 °C, only one phase can confi-
dently be identified. This phase is denoted in the table
as H1, and identified as the hexagonal phase of CdTe,
which, according to the JSPDC-19-0193 table, has a
P63mc (186) structure with tabulated lattice parameter
values a = 4.58 A, c=1750A.

On the diffraction pattern, there is also an observed
peak at an angle of 46.305°, which may correspond to
the cubic phase of CdTe, indicated in the table by the
letter ¢ and, according to the tables JSPDC-15-0770,
65-0440, 65-0880, 65-1081, 65-1082, 65-1085, 65-8395,
has an F43m (216) structure with tabulated lattice pa-
rameter values of a = 6.48-6.483 A. However, based on a
single peak, it is not possible to definitively identify the
presence of the phase; nevertheless, from the analysis of
subsequent samples, it can be inferred that the cubic
phase may indeed be present in this sample [18-21].

The halo between angles 39-46° indicates a low
structural quality of the film, which is a consequence of
the low substrate temperature.

Table 2 — Results of the diffraction analysis of the CdTe film
obtained on a glass substrate at a substrate temperature of
200 °C

CdTe 20, I, d, Lint, | FWHM,
deg pulse A pulse deg
H1 (002)]23.67294|5960.17|3.75516|2797.12| 0.46904
H1 (110)
| C(220) 39.21402| 34.34 |2.29538| 9.85 | 0.28687
galo 39.5-46
C (311) [46.33094| 69.562 | 1.958 | 30.33 | 0.44485
C (400) | 56.6096 | 7.29 [1.62446| 6.6 | 0.90505
C (331) |62.28231| 4.82 [1.48943| 3.68 | 0.76556
H1 (300)
| C(422) 71.03671| 5.73 |1.32582| 4.83 | 0.84315
H1 (006)|76.04768| 49.41 [1.25044| 21.62 | 0.43762

As indicated by the results presented in Table 2, for
this sample obtained on a glass substrate at a sub-
strate temperature of 200 °C, the presence of two phas-
es — hexagonal and cubic — can confidently be identi-
fied. Peaks at angles 39 and 71 degrees with equal
probability may belong to either the cubic or hexagonal
phase, and unfortunately, they could not be distin-
guished. Additional investigations are needed to de-
termine their specific attribution.

For the sample obtained on a glass substrate at a
substrate temperature of 300 °C, it is likely that there
is a higher proportion of the cubic phase. However,
with an increase in substrate temperature, the first

peak shifts towards smaller angles. For the cubic
phase, it should shift towards larger angles. Therefore,
it cannot be completely ruled out that the hexagonal
phase is present, and the possibility of its presence in
this sample is still considered.

Table 3 — Results of the diffraction analysis of the CdTe film
obtained on a glass substrate at a substrate temperature of
300 °C

CdTe 26, I, d, Iint, |FWHM,
deg pulse A pulse deg

|H(13 (8221)) 23.68978|12102.8(3.75253| 3454.4 | 0.29202
C (311) | 46.2483 | 19.96 [1.96131| 10.54 | 0.52928
C (222) | 48.4302 | 7.36 |1.87792| 3.02 | 0.3956
H1 (300)

| C (422) 71.11673| 8.89 |1.32453| 5.01 |0.56534
H1 (006)

| C(333) 76.01848| 156.94 |1.25084| 44.65 |0.28447

Table 4 summarizes the results of the calculation of
lattice parameters, CSD sizes, and stresses for the
phase H1, with paired multiple peaks and for the sam-
ple obtained at a substrate temperature of 300 °C,
where multiple peaks can be attributed to the cubic
phase.

Table 4 presents lattice parameters, CSD sizes, and
stresses for the identified phases in CdTe films ob-
tained on a glass substrate.

Table 4 — Lattice parameters, CSD sizes and stresses for the
identified phases in CdTe films obtained on a glass substrate

H1: a=4584,¢=1750A C_:g;g'ff
{Sb’ ¢, Ala A L’ m £ G| G| oA
C min|{max| min max
100{7.501(4.593]1.84|2.33|— 0.0651 |-0.2555|1.08 6.497

200(7.503|4.593|3.37|3.54| 0.0087 | 0.0358 |1.63|0.47| 6.495

300[7.505|4.588|5.09|5.43|— 0.0046 |—0.0294|1.26

Cubic phase
300 °C 4.54(4.68|— 0.0065|—0.0295 1.33| 6.493

To calculate the lattice parameters, the least
squares method was employed. The function used to
account for systematic errors in the measurement of
the diffraction pattern was F(0) = cos2(6).

As seen from the results presented in Table 4, the
coherent scattering domain sizes increase with rising
temperature. Regardless of the film's phase composi-
tion, the main phase H1 exhibits texture in all sam-
ples. With the increase in temperature from 100 to
200 °C, the texturing of the hexagonal phase also in-
creases (Table 4). The absolute value of stresses de-
creases by an order of magnitude as the substrate tem-
perature rises from 100 to 200 °C, and the stresses
change from negative to positive. Since the lattice pa-
rameters of the hexagonal phase remain practically
unchanged, the change in the sign of stresses may indi-
rectly confirm the presence of the cubic phase [22-25].
With further temperature increase from 200 to 300 °C,
the sign of stresses changes again, now from positive to
negative, which could be associated with a decrease in
the content of the hexagonal phase. Additionally, the
lattice period of the cubic phase is significantly higher
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than the tabulated value, suggesting that this phase
may be subject to substantial tensile stresses.

Figures 5, 6, and 7 show the diffraction patterns of
the CdTe film obtained on a glass substrate with a lay-
er of transparent conductive oxide ITO (composition of
SnO2 and In203 powders) at substrate temperatures of
100, 200, and 300 °C, respectively [26, 27]. The results
of the diffraction pattern analysis are presented in Ta-
bles 5, 6, and 7. Calculations of lattice parameters,
CSD sizes, and the texture coefficient of the film are
provided in Table 8.
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Fig. 5 — X-ray diffractogram of the CdTe film obtained on a
glass substrate with a layer of transparent conductive oxide
ITO at a substrate temperature of 100 °C
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SnO2
(211),
In203
(440)
SnO2
(220)

H2 (3 11)|61.58227

H2 (3 12)| 65.5635

H1 (006)
| C(333)

H2 (106) | 78.34793| 4.73

51.47393| 55.98 | 1.7738 | 19.09 | 0.3491

54.5037 | 8.56 |1.68214| 3.5 | 0.4097
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53.36

1.50467| 9.41
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76.07544| 27.14 | 1.25005 | 11.29 | 0.4159
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Fig. 7 — X-ray diffractogram of the CdTe film obtained on a
glass substrate with a layer of transparent conductive oxide

I ;?3?: ITO at a substrate temperature of 300 °C
6000 Table 6 — Results of the X-ray diffractogram analysis of the
5000 CdTe film obtained on a glass substrate with a layer of trans-
parent conductive oxide ITO at a substrate temperature of
4000 200 °C
000 26, I, d, Tini, |FWHM,
2000 deg |pulse A pulse| deg
1000 H1 (100) | 22.3342 | 19.4 | 3.97713 | 4.45 | 0.2294
0 S AA L — A H1 (002) [23.68674|4332.6| 3.753 [1034.8| 0.2294
20 30 a0 50 60 70 20 80 SnOs
110 26.46571| 93.7 | 3.36489 | 35.96 | 0.3836
Fig. 6 — X-ray diffractogram of the CdTe film obtained on a ( )
glass substrate with a layer of transparent conductive oxide SnO: 33.64761| 23.1 | 2.66129 | 6.49 | 0.2808
ITO at a substrate temperature of 200 °C (101)
Table 5 — Results of the X-ray diffractogram analysis of the CdTe (Szno(?; 37.76602| 215.9 2.38 77.2 | 0.3574
film obtained on a glass substrate with a layer of transparent
conductive oxide ITO at a substrate temperature of 100 °C |H(13 ((;1200)) 39.21152| 146.8 | 2.29553 | 57.2 | 0.3900
26, I, d, | I, \FWHM, H2 (103) | 41.831 | 5.03 [2.157623| 2.4 | 0.4684
deg pulse A pulse| deg
H1 (002) |23.71022| 5241.6] 3.74934 |1144.7] 0.2184 H1(103)| 4258 | 14.0 |12.121392| 13.9 | 0.9902
SnOq H2 (201)
(110) 26.47142| 32.6 |3.36418| 12.32 | 0.3801 | C (311) 46.26632| 117.0 | 1.96059 | 42.6 | 0.3644
(81%% 33.6946 | 7.96 |2.65768| 4.95 | 0.6231 (S;Iicl))z
Sn0 InzO; 51.4848 | 95.3 | 1.77345 30 0.3115
2
(200) 37.77811| 107.5 | 2.37926 | 36.8 | 0.3423 (440)
H1 (110) SnO2
54.50231| 10.7 | 1.68218 | 5.09 | 0.4778
| C (220) 39.27214| 25.95 | 2.29212| 14.59 | 0.5621 (220)
H1, H2 C (400) | 56.4814 | 14.0 | 1.62784 | 9.1 | 0.6498
galo 42.496 | 24.30 | 2.12552 | 85.3 | 3.5097 H2 (3 11)| 61.608 | 35.07 |1.504102| 23.6 | 0.6731
H2 (201) C (331) |
| C (311) 46.39332| 36.86 | 1.95552| 19.22 | 0.5216 H1 (21—0) 62.222 | 11.9 [1.490718| 7.44 | 0.6267
H2 (3 12)|65.58257| 80.2 | 1.42224 | 30.0 | 0.3737
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H1 (300)
| C (422)| 7103127 20.4 | 1.32591 | 10.8 | 0.5348
H1 (006)
| C (333 76:00232| 25.7 | 1.25107 | 14.3 | 0.5483
H2 (106) [78.30629] 7.6 | 1.21993 | 5.7 | 0.7492

As per the results presented in Table 5, for the
sample obtained on a glass substrate with a layer of
transparent conductive oxide ITO at a substrate tem-
perature of 100 °C, two hexagonal phases can be confi-
dently identified. The phase labeled as H1 observed on
glass substrates without a conductive layer, and the
phase labeled as H2 identified as the hexagonal phase
of CdTe with the P63mc structure according to MDI
JADE software #97-015-0941 with tabulated lattice
parameters a = 4.684 A, c=17.674A.

Despite the presence of three peaks (220), (311),
(333), which are closer to the cubic phase, and the first
peak being closest to the cubic phase (111), there is no
definitive reason to consider the presence of a cubic
phase in this sample. No peak exclusively belongs to
the cubic phase, and further investigations are needed
to confirm its presence [28-32].

As per the results presented in Table 6, for the sample
obtained on a glass substrate with a layer of transparent
conductive oxide ITO at a substrate temperature of 200
°C, two hexagonal phases, H1 and H2 and a cubic phase
C can be identified. This identification is possible because
each of these phases has at least one reflection that exclu-
sively belongs to that phase and does not overlap with
others. Unfortunately, it is not possible to distinguish the
reflections between phases H1 and C.

Table 7 — Results of the X-ray diffractogram analysis of the
CdTe film obtained on a glass substrate with a layer of trans-
parent conductive oxide ITO at a substrate temperature of
300 °C

(3 11)

H2
(8 12)
H1
(300) |
C (422)
H2
(3 13)
H1
(006)
H2
(106)

With increasing substrate temperature, the most
intense peak corresponding to the phase H1 (002)
shifts more towards smaller angles, and the orientation
of grains of different phases changes. Some peaks dis-
appear, while others emerge.

Table 8 presents the results of calculating lattice
parameters, CSD sizes, and stresses for the H1, phase,
for which a pair of multiple peaks were observed, as
well as lattice parameters for the H2 and C phases.

As evident from the results presented in Table 8,
the CSD sizes increase with increasing temperature.
Regardless of the film's phase composition, the main
H1 phase exhibits texture in samples obtained at all
temperatures. The texture of the H1 phase slightly
decreases with the temperature increase from 100 to
200 °C, but significantly increases with further tem-
perature elevation to 300 °C (Table 8). The absolute
magnitude of stresses decreases by a factor of two with
the temperature increase from 100 to 200 °C, and with
further temperature rise, it changes from "+" to "-" and
decreases by two orders of magnitude.

65.53529| 51.52 | 1.42315 | 21.07 | 0.4044

71.055 8.00 | 1.325563| 7.5 | 0.9370

71.919 2.44 |1.311716| 1.61 | 0.6583

76.00239| 113.23 | 1.25107 | 23.81 | 0.2104

78.21225| 5.56 | 1.22116| 2.13 | 0.3751

Table 8 — Lattice parameters, CSD sizes, and stresses for the
phases identified in CdTe films obtained on glass substrates

26, 1, (g, Iins, |FWHM, H1
deg pulse A pulse | deg T, . . L, nm c
H1 oc | © Ala A : - G
23.66102|13954.9| 3.75702 | 2437.7| 0.1761 min | max | min max
(002) 100 [7.500[4.584] 7.91 | 9.83[0.01141]0.06929[1.27
Sn0z | o0 406611 25.62 | 3.37929 | 9.48 | 03706 200 |7.5054.592] 8.43 [12.76]0.02528[0.12643[1.13
(sllc())) 300 [7.505(4.591] 8.77 | 8.90 |-0.0004|— 0.004]1.58
nO2
(101) 33.57044| 11.49 | 2.66723 | 4.54 | 0.3959 H2 C
?2%% 37.71313| 109.95 | 2.38321 | 33.42 | 0.3039 ¢, A a, A G a, A G
H1 7.679 4.693 0.37 6.498
(110) | |39.17154| 49.81 | 2.29778 | 20.43 | 0.4101 7.677 4.685 0.55 6.492 0.26
C (220 7.666 4.659 0.71 6.491 0.44
H1, H2
galo 42.486 | 12.08 | 2.12596 | 26.07 | 2.1593 Figures 8, 9, and 10 depict the diffraction patterns
H2 of the CdTe film obtained on a molybdenum foil sub-
(201) | |46.26628| 53.19 | 1.96059 | 21.02 | 0.3953 strate at a substrate temperature of 300 °C, while Ta-
C (311) bles 9, 10, and 11 present the results of the diffraction
SnOy pattern analysis. The samples had different thickness-
(211), es: Sample #1 had a thickness of approximately 1-2 pm,
In20s 51.43654| 46.56 | 1.775 | 15.77 | 0.3386 Sample #2 had a thickness of about 3—4 um, and Sam-
(440) ple #3 had a thickness of around 4-5 pm.
SnO0s Calculations of lattice parameters, CSD sizes, and tex-
(220) 54.4604 | 5.08 |1.68337| 2.12 | 0.4164 ture coefficient for the CdTe film are presented in Table
C (400)|56.60219| 4.17 |1.62465| 1.79 | 0.4295 12. Samples obtained on a molybdenum foil substrate
in th ic ph f CdT nly in th hi
H2 161.52529| 16.22 | 1.50593 | 7.44 | 0.4588 contain the cubic phase of CdTe, and only in the very thin
Sample #1, traces of the hexagonal phase may be present.
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Fig. 8 — Diffraction pattern of the CdTe film (Sample #1,
thickness ~ 1-2 pm) obtained on a molybdenum foil substrate
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Fig. 9 — Diffraction pattern of the CdTe film (Sample #2,
thickness ~ 3-4 um) obtained on a molybdenum foil substrate
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Fig. 10 — Diffraction pattern of the CdTe film (Sample #3,
thickness ~ 4-5 pm) obtained on a molybdenum foil substrate

Table 9 — Results of the analysis of the diffraction pattern of
the CdTe film (Sample #1, thickness ~ 1-2 pm) obtained on a
molybdenum foil substrate

JJ. NANO- ELECTRON. PHYS. 16, 04023 (2024)

(211)
Mo

73.640241225.12|1.28525| 65.6 |0.29348(3.148

Table 12 presents the results of the lattice parame-
ter, CSD sizes, and stresses calculations for the C
phase of the CdTe film obtained on a molybdenum foil
substrate. Regarding the first, thinnest sample, only
one main diffraction peak of the cubic phase was ob-
served. Therefore, it can be assumed that in the initial
stages of film growth, it develops as a strongly textured
cubic phase with the possible presence of some amount
of hexagonal phase.

Table 10 — Results of the analysis of the diffraction pattern of
the CdTe film (Sample #2, thickness ~ 3-4 um) obtained on a
molybdenum foil substrate

20, 1, d, Lin:, |FWHM,| a,
deg |pulse A pulse| deg A
(111)
CdTe,|23.76582| 55 |3.74069| 70.26 | 0.09128(6.479
C
(2 10)
CdTe,|38.23092| 41.79 |2.35212| 8.71 |0.20843
H2
(110)
Mo 40.45715| 57.63 |2.22768| 21.28 |0.36929|3.150
(?\22) 58.6115 | 14630 (1.57365|2159.53 | 0.14761 |3.147

26, I, d, Lint, |FWHM,| a,

o o

deg |pulse] A |pulse| deg A

(111) 23.72026| 1056 |3.74778(194.18| 0.18385 |6.491345
CdTe
(202) 39.25178| 70.67 |2.29326| 11.6 0.164 [6.486319
CdTe
(110)
Mo 40.43389| 54.13 | 2.2289 | 13.25 | 0.24405 [3.152141
(311)

46.401 | 159.5 [1.95521(159.51| 0.1342 |6.484698
CdTe
(400)

56.82571| 15.22 |1.62008| 7.92 | 0.52009 |6.480316
CdTe
(?\22) 58.6 1241 |1.57393|244.84| 0.19731 | 3.14786
(313) 62.37 45.13 |1.48757| 7.58 | 0.16585 |6.484167
CdTe
(242) 71.18824| 50.8 [1.32337| 10.86 | 0.16135 |6.483162
CdTe
(211)
Mo 73.64491| 292 |1.28518| 77.62 | 0.26636 |3.148035
(333)

76.23016| 51.99 | 1.2479 | 9.06 | 0.17423 |6.484279
CdTe

Table 11 — Results of the analysis of the CdTe film diffraction
pattern (sample No3, thickness ~ 4-5 pm) obtained on a mo-
lybdenum foil substrate

26, I, | d, | Im, |FWHM,| a,
deg |pulse A pulse| deg A
A1 1 93 648 | 1122 [3.75905(193.12| 0.26168 |6.511
CdTe
(202)
39.24324| 22.3 [2.29374| 6.8 |0.20305|6.488
CdTe
(110)
o) |40.48426| 20.96|2.22625| 11.9 [0.397093.148
311)
46.39861| 44 |1.95531|10.05|0.12693|6.485
CdTe
(200)
o) |58.57904 | 55.38 | 1.57445| 9.77 |0.17638(3.149
(313)
62.37185| 27.2 | 1.4875 | 6.97 |0.15384|6.484
CdTe
(242)
71.18728| 36.8 [1.32339| 12.25 | 0.19627 | 6.483
CdTe
@211)
L1 [73.59378| 27.68| 1.28594| 7.71 {0.27837 |3.150
(333)
76.2366 | 28.7 |1.24781| 10 |0.18327|6.484
CdTe
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Table 12 — Lattice parameters, CSD sizes, and stresses for
phases identified in CdTe films obtained on a molybdenum foil
substrate

N |aAlPmol ¢ G
min| max | min | max

1 6.479| - — - -

2 6.483| 8.3 | 7.7 [-0.0025|-0.026|0.85

3 6.482| 5.8 | 4.9 |-0.0083|-0.068]0.97

From the analysis of the obtained results, it can be
noted that th e lattice parameter for sample #1 is clos-
est to the data from the table JSPDC-65-0890 (a =
6.4775 A), for sample #2 corresponds to the data from
table JSPDC-65-0440 (a = 6.483 A), and the lattice pa-
rameter for sample #3 corresponds to the data from
table JSPDC-65-0880 (a = 6.482 A). Sample #2 has a
more perfect structure, with larger CSD sizes and low-
er stresses, reflected in, on average, smaller integral
widths of diffraction peaks for this sample. Structural
differences between these samples are related to their
different preferred orientation, which could have oc-
curred due to variations in the sputtering rate.

4. CONCLUSIONS

Using upgraded industrial vacuum setups, a series of
test samples of cadmium telluride films were fabricated
through thermal vacuum evaporation on glass sub-
strates without a transparent conductive oxide sublayer,
with a conductive oxide sublayer, and on molybdenum
foil substrates. This was done to investigate the influ-
ence of the substrate material on the structural parame-
ters of the test samples.

The structural analysis was conducted through X-ray
diffractometry, and the lattice parameters, coherent
scattering domain sizes, and film texture coefficient were
calculated.

The results of the structural parameters investiga-
tion for samples fabricated on glass substrates revealed
the presence of a cubic phase of cadmium telluride. The
content of this phase increases with the rise in the depo-
sition temperature, reaching its maximum at a deposi-
tion temperature of 200 °C. The halo between angles 39—
46° indicates low structural quality of the film, which is
a consequence of the low substrate temperature.

It was demonstrated that with an increase in the sub-
strate temperature, the texturing of the samples grows.
The absolute value of stresses decreases by an order of
magnitude as the substrate temperature increases from
100 to 200 °C, and the stresses change sign from "-" to
"+". Since the lattice parameters of the hexagonal phase
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Boiue marepiany mnigkgaaku HA CTPYKTYPHI BJIACTUBOCTI INTIBOK TEJIYPHUAY KaaMil0

A.B. Mepiyn, I'.C.Xpunyuos, M.M. Xapuenro, A.I. Joopo:xan, P.B. 3aiies, M.B. Kupuuenxo,
K.O. Minaxosa, A.M. JIposmos

Hauionanvruii mexniunuli ynigepcumem «Xapkiecvkuil nonimexriunuil incmumymn, 61002 Xapkis, Yixpaina

3 BUKOPHCTAHHSM MOJIEPHI30BAHUX IIPOMUCIOBUX BAKYYMHHUX YCTAHOBOK BUTOTOBJIEHO CEPIi0 JOCJIIIHUX
3pa3KiB ILTIBOK TEJIYyPUIAY KaJIMII0 METOJOM TEPMIUYHOTO BAKYYMHOIO HATIAPIOBAHHS HA CKJITHUX IKJIAIKAX
6e3 migapy 3 Mpo30poro eJIEKTPOIPOBLIHOIO OKCU/Y, 3 IMIIIIAPOM 3 eJIeKTPOIIPOBIIHOIO OKCH/IY Ta Ha IIiJIK-
JagKax 3 MOJIi0aeH0BO1 (DOIBIH MOCTIAUTH BILIAB MATEepiajly MiAKJIAJKW Ha CTPYKTYPHI HapaMeTpH IOCJIi-
JKYBAHUX 3paskiB. JlocimimpxeHHsT CTPYKTYPH IIPOBOAMIINA METOJI0M PEHTIeHIBChKOI IudparToMeTpii, pospa-
XOBYBAJIA MAapaMeTPH IPATKH, PO3MIpH 00J1acTeil KOTepPeHTHOTO PO3CIIOBAHHA TA TEKCTYPHHHU KoediIieHT
IWIBKK. 3a pesyJbTaTaMM JOCIIIKeHHS CTPYKTYPHHUX ITIapaMEeTpPIB 3Pas3KiB, BUTOTOBJICHUX HA CKJIAHIN ITi-
KJIQJI1l, BCTAHOBJIEHO HASIBHICTH KyOluHOI dhasu Tesrypumy kaamino. [lokasaHo, 10 mpu IIiIBUINEHH] TeMIIe-
paTyp¥ MIKJIQIKH 301IbITYEThCS TEKCTyPa 3PA3KIB 1 CITIOCTEPIraeThCsd HASBHICTH PO3TATYOUNX HATIPYIKEHb,
OCKLIIBKH TIepiof] PeIriTEN KyOidHol (a3 3HavyHo OLibImmi, Hix miaactuayacroi. Jlias spaska, orpumaHoro
Ha CKJISHIM IITKJIAAIN 3 IIapoM IIpo30poro esekrrporposigHoro okcuay ITO mpm temmeparypl minkagrn
200 °C, BcTaHOBJIEHO HASIBHICTH IBOX rexcaroHaspHux das H1 1 H2 ta xy6iumoi dasu C. 3pasku, orpumani
Ha MIKIIAA 3 MOJTIOIeHOBOI (hOJIBIH, MICTATH Maiiike MOBHICTIO KyOiuny ady CdTe smmime B myske TOHKOMY
3pasky No. 1 mpucyTHI CJIiI TeKCcaroHaJ bHOI dasu. [y mepimoro HaMTOHIIIOT0 3pa3Ka CII0CTePIraeThCsT JIU-
1IIe OJIVH TOJIOBHUM MUMPAKIIAHUHN MK KyOoluHol dhas3u, 0 MOKHA ITOSICHUTH TUM, 1[0 Ha ITOYATKOBUX eTa-
max pocTy IUTIBKA POCTe SIK BHCOKOTEKCTYypOBaHAa KyOiuHa (hada 3 MOKJIMBOI MPUCYTHICTIO JIESTKUX T'eKCaro-
HaJIBHUX asa. 3 aHaIi3y OTpUMAaHNX Pe3yJIbTaTiB MOKHA BII3HAYNTH, IO 3PAa3KM, OTPHUMAaHI Ha MOJIiOzme-
HOBIM MMAKIAOIN, MAlOTh IapaMeTp IPATKHM, HANOLILII OJM3bKHN [0 TAOJMYHUX JaHUX — 6,482-6,483 A.
CTpyKTypHI BIIMIHHOCTI, III0 CIOCTEPIral0THCA MIK JOCTIIKYBAHUMU 3PA3KaMM, IIOB’SI3aHl 3 TUM, III0 BOHK
MAalTh Pi3HY IePeBaKHy OPI€HTAIIII0, 110, IIBUIIIE 34 BCe, II0B I3aHO 31 3MIHOIO IIBUIKOCT] PO3ITUJICHHS.

Kmiouosi cnosa: Tenypun kagmio, Ctpykrypa, O6mmiosanss, Pemritka, Texcrypa.
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