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In this work, the photoconductivity (PC) spectrum of thin CdSe films was studied. In the course of studies on glass substrates, thin
films of cadmium and selenium with a thickness of 2 = 200 nm and 4 = 400 nm were selected. The thickness of the samples obtained
by chemical deposition was determined by the gravimetric method. Since CdSe crystal is a light-sensitive semiconductor material,
the photoconductivity of thin films has been studied. The spectra obtained during studies carried out at a wavelength 1 = 600-1100
nm were analyzed. It has been established that the spectrum is chaotic, since in the # = 200 nm layers the phase is not completely
formed. In the layers 2 = 400 nm, a maximum centered at the wavelength 2 = 710 nm was recorded.
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INTRODUCTION

Chalcogenide semiconductors occupy a special place among functional materials. Their interesting electrical and
optical properties have been widely studied. It is established that changing the atoms in this crystal structure causes a
change in the electronic configuration. Therefore, both the crystal structure and the electronic structure of chalcogenides
are studied theoretically and experimentally [1-5]. The study of crystal structure, phase transitions and electronic
processes determines the possibilities of using these materials. It is very important to study these processes in binary
semiconductors, obtain new systems with cation-cation and anion-anion substitutions in these compositions, and predict
and control in advance the processes occurring in these systems [6-9].

Cadmium selenide is one of the most studied chalcogenide semiconductors. This compound crystallizes in various
modifications. It has been established that CdSe is an n-type semiconductor substance; in the sphalerite phase, this
compound has a cubic crystal structure with space group F43m and E,; = 1.74 eV [10]. In the wurchite phase, it has a
hexagonal crystal structure with space group P63mc and E, = 1.80 eV [11]. Therefore, this material is used when
purchasing various converters and solar panels in modern electronics.

Recently, electronic processes in thin layers of semiconductor materials have been studied. It has been established
that materials retain their structural properties when producing thin layers [12,13]. The discovery of functional
properties at small sizes makes it possible to obtain smaller converters based on them, which leads to the
miniaturization of instruments and devices. Therefore, both the structural properties and various physical properties of
thin layers of CdSe compounds are studied using modern research methods [14-17]. The processes of phase formation
in thin layers of this compound were studied in the course of structural studies carried out by X-ray diffraction. It has
been established that with increasing thickness, the process of phase formation begins in thin layers of cadmium
selenide, and the phase corresponding to the CdSe compound is completely formed in the resulting layers with a
thickness of & = 400 nm [14]. Although both the structural properties and a number of optical properties of these thin
films have been studied, the photoelectric properties have not been studied. Interesting optical properties have also been
discovered for thin CdS films with similar chemical shape and physical properties [17, 18]. Thus, CdSe thin films are
expected to exhibit interesting photovoltaic properties with potential for practical applications.

It is known that the process of phase formation in thin CdSe films occurs at # > 400 nm. Therefore, to study the
photoelectric properties, one sample from each phase was selected. The photoelectric properties of thin films with a
thickness of # = 200 nm and / = 400 nm, obtained by chemical deposition on glass substrates, have been studied. In the
course of research, the influence of phase formation processes in thin CdSe films on photoelectric properties was
established.

EXPERIMENTAL PART
During the research, thin CdSe films obtained by chemical deposition were studied. The starting materials are
designed to produce thin layers with a thickness of # < 400 nm and # > 400 nm. The solution used for chemical
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deposition of the CdSe thin film was prepared by taking equal amounts of each of the components (13 ml volume):
0.5M cadmium chloride (CdClyx2.5H,0), 134 M (25%) sodium hydroxide (NH3OH), 7.4 M triethanolamine
(C¢HsNO3) and 0.2 M sodium selenosulfate (Na,SSeOs). The chemical precipitation process was carried out in a 60 ml
beaker at room temperature. The technology for producing thin layers was carried out according to work [14]. Thin
films of CdSe were obtained on glass substrates. The thickness of the resulting layers was determined by the
gravimetric method. It was found that the thickness of the resulting thin CdSe films was 4 = 200 nm and 4 = 400 nm.

Thin CdSe films were examined by X-ray diffraction to determine structure formation. The studies were carried
out on a D8 Advance diffractometer (Bruker, Germany) with CuKa radiation, 40 kV, 40 mA (1 = 1.5406 A). The
resulting spectra were analyzed in the Origin program and the Miller indices corresponding to the diffraction maxima
obtained in the X-ray diffraction spectra were determined.

The photoconductivity spectrum of thin CdSe films obtained by chemical deposition was studied in an optical
device based on an MDR-2 monochromator. The studies were carried out at room temperature, in the wavelength range
A=600-1100 nm. A PZh-27 lamp with a vertical wire was used as a light source, and the photosignal generated when
the thin layer was exposed to light was amplified by an E6-13 teraohmmeter and entered into a computer system. Silver
paste was used to create thin layers of ohmic contacts. Based on the spectrum obtained during the research, the
photoconductivity of thin CdSe layers with thicknesses # = 200 nm and 4 = 400 nm was recorded, and the band gap for
CdSe was determined.

RESULTS AND DISCUSSIONS
A structural-phase analysis of thin CdSe films with a thickness of # = 200 nm and %# = 400 nm, obtained by
chemical deposition, was carried out. The spectra obtained by X-ray diffraction in the range of diffraction angles
5°<26 < 80° are shown in Fig. 1. As can be seen from the spectra, two different diffraction maxima were observed in a
thin CdSe layer with a thickness of # = 200 nm, and three different diffraction maxima were observed in a thin CdSe
layer with a thickness of # = 400 nm.
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Figure 1. X-ray diffraction spectra of CdSe thin films at room temperature

When comparing the X-ray diffraction spectra shown in Figure 1 with the results obtained in previous studies, it
was found that the center of the peak in the spectrum of a thin film with a thickness of 2 = 200 nm, located at a
diffraction angle of 26 = 25°, corresponds to the atomic planes belonging to the indices Miller in the crystal structure of
hexagonal symmetry (111) of the CdSe compound. The central peak, located at the diffraction angle 26 = 43°,
corresponds to the atomic planes belonging to the Miller indices in the crystal structure of the CdSe compound with
hexagonal symmetry (220) [19]. In thin CdSe films, in the spectrum of a thin film with a thickness of # = 400 nm,
another diffraction maximum was observed at a central diffraction angle of 26 = 50°, which corresponds to the atomic
plane of the Miller index (311). It is known that in thin layers the structural properties are weaker than in bulk crystals.
As can be seen from the analysis of the spectra presented in Fig. 1, in each of the thin layers a phase corresponding to a
CdSe crystal was formed. However, better structural properties were found in a thin film with a thickness of # =400 nm
than in a thin film with a thickness of # =200 nm.

The photoconductivity spectrum of thin CdSe films obtained on a glass substrate by chemical deposition was also
studied. Photoconductivity spectra of thin CdSe films with thicknesses # = 200 nm and 4 = 400 nm, obtained at a
wavelength 4 = 600-1100 nm, are presented in Figures 2 and 3. A two-component photoconductivity model was used to
interpret photoconductivity spectra and determine the properties of thin films [20]. According to this model, the
photocurrent generated in a thin CdSe film consists of a positive component generated in the bulk of the film and a
negative component generated on the surface of the film and heavily occupied by surface traps. During these processes,
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at certain wavelengths of light incident on the surface of a thin layer, a decrease in photoconductivity is detected due to
the capture of charge carriers by traps.
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Figure 2. Photoconductivity spectrum of a thin CdSe film Figure 3. Photoconductivity spectrum of a thin CdSe film
obtained with a thickness h = 200 nm obtained with a thickness 2 = 400 nm

At small values of the thickness of thin layers (4 = 200 nm), a sharp decrease in photoconductivity due to
self-damping was recorded. As can be seen from the graph in Figure 2, chaos was observed over a wide range
of wavelengths of the incident beam. This process can be explained by the incomplete formation of the CdSe phase in
the thin film. As a result of defects in the structure of the thin layer and the capture of charge carriers by these defects,
the special properties of the CdSe compound are not fully formed. A different picture was observed in the PE spectrum
of a thin CdSe layer with a thickness of # = 400 nm. From the graph shown in Fig. 3, it is clear that this sample is
photosensitive in the wavelength range 4 = 700-900 nm and a photoconverter can be manufactured on its basis. The
spectrum recorded a maximum with wavelength 2 = 0.71 um. Based on this maximum, the band gap of a thin CdSe film
with a thickness # = 400 nm was calculated:

Ey =124/ dar (V)

It was found that the band gap of this sample is E, = 1.746 eV.

In the course of a comparative study of the structure and photoconductivity of thin films of cadmium selenide
obtained by chemical deposition, it was found that the CdSe phase cannot be completely formed in these systems up to
a thickness /2 < 400 nm. Therefore, it is impossible to obtain a photosensitive system of this size. At greater thickness,
a cadmium-selenium phase may form and the photoelectric properties of cadmium-selenium may appear. Such systems
provide a wide range of applications for CdSe thin films.

CONCLUSIONS
In parallel, the structure and photoconductivity of thin films of cadmium selenide obtained by chemical deposition
were studied, and the structural aspects of photoconductivity were studied in a comparative manner. During the
research, thin films with a thickness of # = 200 nm and /4 = 400 nm, obtained on glass substrates, were studied.
The results obtained were analyzed and it was found that a thin layer of CdSe with 2 = 400 nm is a photosensitive
substance in the spectral region of 4 = 700-900 nm. The band gap was E; = 1.746 eV. As the thickness of the thin layer
decreases, photosensitivity sharply decreases due to the capture of charge carriers by traps on its surface.
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V nauiit po6orti gocnimkeno crektp ¢oromnposignocti (PIT) Tonkux miiBok CdSe. Y xoai nociikeHb Ha CKISTHUX MAKIaAKax Oyiu
BiZiOpaHi TOHKI IUIiBKM KaaMito Ta ceieHy ToBiiuHo h = 200 HM Ta h = 400 HM. ToBuIMHY 3pa3KiB, OTPUMAHHUX XIMiYHUM
OCaKEHHAM, BH3HAYAIH IpaBiMeTpuaHUM MeTooM. Ockinbku kpructan CdSe € CBITIOUYTAMBAM HAIiBOPOBITHUKOBUM MaTepiaoM,
JIOCTIKYBaH (POTOMPOBIAHICTS TOHKHX IUTIBOK. [IpoaHanizoBaHo COEKTPH, OTPUMaHIi Mij Yac JOCIiIKeHb, TPOBEACHUX Ha JOBXKHHI
xuii A = 600-1100 M. BeranoBneHo, mo CIeKTp € XaOTHYHUM, OCKLUTBKH B mapax h = 200 M ¢a3a chopmMoBaHa HE HOBHICTIO. Y
mapax h = 400 M 3a¢ikcoBaHO MaKCHMYM 3 IIEHTPOM Ha JOBKHUHI XBII A = 710 HM.
Kurouosi cinoBa: xiviune ocadoscenns; CdSe; monka naiska, ¢homoenrexmpuunuil CneKmp, 3a3op





