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PHASE FORMATION PROCESS IN CdSe THIN FILMS
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In this work, thin films of cadmium selenide of difrent thicknesses were obtained by chemical deposition and the processes of phase
formation in them were studied. Thin layers with a thickness of d = 150 — 500 nm were obtained. Structural studies were carried out
using X-ray diffraction. The spectra obtained at room temperature were analyzed. The presence of structural features of the CdSe
compound in thin layers has been established. After a thickness d = 400 nm, the process of phase formation begins. The observed
atomic planes and Miller indices during the phase formation process are determined.
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INTRODUCTION

Semiconductor crystals are widely studied materials. Their structure and physical properties are studied using
modern research methods [1-5]. The main reason for interest in these materials is their use in various devices. It has
been established that creating thin layers of materials and using them in devices leads to a reduction in size. At this
time, smaller converters can be obtained. Therefore, extensive research has recently been carried out in the direction of
obtaining thin layers of materials and studying the processes of phase formation in them [6-10].

Cadmium selenide CdSe, which belongs to the group of diamond-like semiconductors, crystallizes in the form of
two polymorphic modifications: B3 with a sphalerite-type lattice (space group F43m) in a cubic crystal structure [11]
and a Wurchite hexagonal structure of type B4 (space group P63mc) in more thermodynamically stable [12]. CdSe is an
n-type semiconductor with a small bandgap (Eg = 1.74 eV for sphalerite and Eg = 1.80 eV for wurtzite). These values
are within the optimal range of absorption of sunlight and its conversion into electrical energy, and together with the
high absorption coefficient, CdSe is considered a promising material for the manufacture of solar cells [13,14]. The
CdSe compound is used as an active medium in semiconductor lasers [15], liquid crystal displays, gamma radiation
detectors, and gas analyzers [16]. In addition, CdSe is a promising compound for photoresistors and LEDs [17,18],
high-performance thin-film transistors [19], optical amplifiers, photocatalysts, and materials for photocatalytic
systems [20]. The production of thin layers of materials determines the possibility of their use in smaller sizes.
Therefore, to determine the application possibilities of each material, it is important to study their thin layers. Therefore,
the CdSe compound is also studied in small sizes.

Although the optical and electrical properties of thin layers of the CdSe compound have been studied, the
processes of phase formation in these layers have not been sufficiently studied. It is known that the crystal structure of
this compound has high symmetry. Therefore, thin layers can also be formed with high symmetry. Therefore, it is
important to obtain thin layers of various thicknesses and study their crystal structure. In this work, thin CdSe films of
various thicknesses were obtained by chemical deposition, and their crystal structure was studied by X-ray diffraction.
The X-ray diffraction method is considered a unique method for studying the structure of crystals, phase transitions and
phase formation processes. The structure of nanolayers with a thickness d = 150-500 nm was analyzed and the
processes of phase formation in thin CdSe layers were studied.

EXPERIMENTAL PART

In the course of research using the chemical deposition method, thin CdSe films of various thicknesses were
obtained. The solution used for chemical deposition of the CdSe thin film was prepared by taking equal amounts
(13 ml) of each of the prepared solutions of the following composition: 0.5 M cadmium chloride (CdCl,x2.5H,0),
13.4M (25%) sodium chloride (NH3OH), 7.4 M triethanolamine (C¢HisNOs3) and 0.2 M sodium selenosulfate
(Na>SSe0s). The chemical precipitation process was carried out in a 60 ml beaker at room temperature.

Sodium selenosulfate (Na,SeSOs) was prepared by reacting 6 grams of selenium powder and 10 grams of sodium
sulfite (Na,SOs) in 100 ml of distilled water solution for 7 hours at 90 °C in a counter refrigerator. After the reaction,
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the solution was cooled to room temperature and insoluble selenium particles were removed from the solution through a
filter. As a result, a clear solution of sodium selenosulfate was obtained. When using sodium selenosulfate as a selenium
component in the production of CdSe, the best results can be obtained at a solution pH of 9. A thin layer of CdSe with a
crystalline structure can be obtained only at a pH of 9, so that the pH of the solution in the above mixture is equal to 9.
To measure the pH of the solution, an Aquilon pH-410 pH meter was used.

Amorphous glass substrates (38%x26x1 mm) were kept in a chromium solution for several hours, washed with
distilled water and air dried before being introduced into the solution. Glass coasters are placed vertically in a glass with
a solution. The chemical deposition process was carried out at room temperature (27 °C) for 48 hours without rotation.
During the process, a white precipitate formed at the bottom of the glass. After three to four hours, this precipitate and
the clear solution in the beaker first turned dark yellow and then red, consistent with CdSe. After this procedure, the
saucer was removed from the glass, washed with distilled water and dried. As a result, homogeneous thin layers of red
CdSe with good adhesion to the substrate were obtained. The thickness of the resulting layers was determined by the
gravimetric method and it was found that their thickness d = 150-500 nm.

Structural studies of CdSe thin films were carried out using X-ray diffraction. The experiments were carried out at
room temperature and under normal conditions. X-ray diffraction of the samples was carried out on a D8 Advance
diffractometer (Bruker) with the following parameters: 40 kV, 40 mA, CuKo radiation (1 = 1.5406 A). The resulting
spectra were analyzed in the Origin program, and the crystallographic parameters of thin CdSe films were determined:
diffraction peaks, Miller indices.

RESULTS AND DiSCUSSIONS
In order to study the processes of phase formation in thin films of cadmium selenide obtained by chemical
deposition, structural studies were carried out. The crystal structure of CdSe thin films was studied by X-ray diffraction
at room temperature. X-ray diffraction spectra obtained in the diffraction angle range 5° < 26 < 80° are presented in
Fig. 1.
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Figure 1. X-ray diffraction spectra of thin CdSe films obtained with different thicknesses.

From the spectra shown in Fig. 1, it is clear that in the resulting thin layers with a thickness of d = 150-500 nm,
a phase corresponding to CdSe crystals was formed. The central peak, located at the diffraction angle 20 = 25°,
corresponds to the atomic planes belonging to the Miller indices in the crystal structure of the hexagonal symmetry
(111) of the CdSe compound. It is clear from the spectra that the intensity of the peaks increases with increasing
thickness of the thin layers. However, this phase was also observed in a thin layer d = 150 nm with the smallest
thickness. To more accurately observe the peaks in the spectra, the X-ray diffraction spectra of the thinnest and
thickest thin layers were analyzed separately. In Fig. 2 shows the spectrum of a thin CdSe film with a thickness of
d =150 nm. It can be seen from the figure that the peak is clearly visible at the diffraction angle 20 = 25° In
addition, a new peak was also observed at the diffraction angle 26 = 43°. From the results obtained when studying
the crystal structure of the CdSe compound, it is known that this peak (220) corresponds to atomic planes belonging
to the Miller indices [21].

To study the processes of phase formation in thin CdSe films, the X-ray spectra of thin films of greater thickness
were also analyzed. Figure 1 shows that after a thickness of d =400 nm, new peaks begin to appear. This is a sign of the
formation of a more perfect phase. It is clear from the spectra that as the thickness of thin layers increases, the intensity
of these peaks also begins to increase. Therefore, the spectrum with the greatest thickness was analyzed separately. The
X-ray diffraction spectrum of a thin CdSe film with a thickness of d = 500 nm is shown in Fig. 3. From Fig. 3 it can be
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seen that 3 peaks are observed in the spectrum. Two of these peaks correspond to atomic planes belonging to the Miller
indices (111) and (220), observed in previous spectra at diffraction angles 26 = 25° and 43°. It was found that the peak
observed at diffraction angles 26 = 50° corresponds to the atomic plane belonging to the Mlller indices (311).
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Figure 2. X-ray diffraction spectrum of a thin CdSe film with a thickness of d = 150 nm
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Figure 3. X-ray diffraction spectrum of a thin CdSe film with a thickness of d = 500 nm

The lattice parameters of the CdSe compound are a = b =4 A (0.4 nm), ¢ = 7 A (0.7 nm) [12]. Since CdSe thin
films with dimensions d ~ 100 nm consist of several layers, structural features cannot be completely formed. However,
as the layer thickness increases, the process of phase formation begins. First, the peak corresponding to the (220) plane
along with the (111) plane is fully formed. At thicknesses d > 400 nm, the process of phase formation begins and a peak
corresponding to the (311) plane is also formed. As can be seen, thin CdSe films starting with a size d ~ 100 nm can
retain their properties. It is known that the semiconductor CdSe is a material that is widely used in modern electronics.
A study of the structure of thin layers obtained by chemical deposition shows that using them it is possible to obtain
converters of smaller sizes.

CONCLUSIONS

In this work, thin CdSe films were obtained and their structure was studied. There is extensive information on the
technology for producing thin films of the semiconductor CdSe. It has been established that the chemical deposition
method can produce thin layers of this material on glass. Layers of varying thicknesses were obtained depending on the
synthesis conditions and the stoichiometric amount of chemical elements. The process of phase formation in thin films
with a thickness d = 150-500 nm has been studied. The studies were carried out using the X-ray diffraction method.
Each of the spectra obtained at room temperature was analyzed separately. It was found that in layers of different
thicknesses 3 different diffraction peaks are obtained. Analysis revealed that these peaks correspond to the (111), (220)
and (311) atomic planes. Although the structural features of the CdSe compound were observed in each of the thin
layers, the phase formation process began at a size of 400 nm.
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VY naniit po6OTI METOZOM XIMIYHOTO OCAJKEHHS OTPHMAaHO TOHKI TUTIBKU CEJICHITY KaJIMIi0 pi3HOI TOBIIMHU Ta JOCIIIKEHO MPOIECH
¢azoyrBopenHs B HUX. OTpuMano ToHKI mapu ToBmmHOK0 d = 150 — 500 HM. CTpyKTypHI DOCIIJDKEHHS MPOBOIMIM METOLOM
PEHTreHiBCbKOI anudpakuii. AHami3yBaJl CIIEKTPH, OTPUMAaHi NpU KIMHATHIH TemnepaTypi. BcraHOBiIEHO HasBHICTH CTPYKTYPHHUX
ocobnuBoctei crionykun CdSe B ToHkux mapax. [licns toBmman d = 400 HM nmounHaeThes mporec (a3zoyTBopeHHs. BusnaueHo
CIOCTepe)KyBaHi aTOMHI IUIOMIMHY Ta iHAeKcH Mimtepa B mporeci Gpa3oyTBOpeHHSI.

KurouoBi cinoBa: xiviune ocadoicenna; monka naiska CdSe; kpucmaniyna cmpykmypa, penmeeniecoka ouppaxyis



