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Yarimo'tkazgich materiallarini qo'rg'oshin selen asosida elektrofizik xusu-
siyatlarini o'rganish.

N.Y. Sharibayev1, B.M. Baxromov2, R.M. Jalalov3, A.A. Yusufjonov3

1Namangan muxandislik-texnologiya instituti
2Milliy universitet huzuridagi Yarimo'tkazgichlar fizikasi va mikroelektronika ilmiy tatqiqot inistituti
3Namangan Davlat Universteti

Annotation; To study the structure, optical and electrical properties of PbSe films, to establish the
relationship between the spectral characteristics and their structural properties with temperature changes,
to evaluate the possibility of using a linear-chain carbon film as a protective layer to reduce oxidation. The
work lies in the fact that the new effects discovered in the course of research (semiconductor-metal and
electrical transition) can be used in microelectronics to develop thermistors with a nonlinear n-shaped flow
has a voltage characteristic. The results of the study of the structure, optical and electrical properties of
PbSe  films can also be useful in the analysis of the fundamental physical properties of semiconductor binary
systems obtained by solid-phase synthesis.

Keywords: photosensitive, thermoresistive evaporation, Raman spectrum, metal-insulator, glass
substrates, diffractometry, atmospheric oxygen, selenide phase

At the current stage o f scientific and technical development, special attention is paid to stu-
dying the possibilities o f creating various devices and devices o f  thin film technologies. thin films
are widely used in the electronics industry to create semiconductor devices, microcircuits, and
other thin film elements. To date, the physics o f thin films has made significant progress in under-
standing their formation processes and properties. however, there are many questions that interest
researchers in this area. These include, for example, film synthesis issues, parameter measurement
methods, and computational models o f various physical processes and, o f  course, physical pheno-
mena that are not present in bulk samples in films. properties o f  thin films are mainly determined
by the technology o f  synthesis, as well as the material and quality o f the surface o f  the sample, the
composition o f  the sprayed substance, and chemical reagents. therefore, it is important to develop
methods o f  synthesizing films, to study their optical, magnetic, electrical and structural properties,
to study various surface phenomena, to establish the relationship between the studied properties
and performance indicators.

Among widely used materials, lead selenides occupy one o f  the most important places due
to the variety o f  optical, electrical and other properties. in particular, it was found that lead selenide
has photosensitive properties [1], it is necessary to improve technological processes for obtaining
photosensitive films and production devices based on them. this work is dedicated to studying the
structure, optical and electrical properties o f lead selenide-based thin films obtained by solid-phase
synthesis - thermoresistive evaporation o f lead and selenium, followed by annealing in a nitrogen
atmosphere . A  problem in the practical application o f pbSe films is the instability o f  the properties
associated with oxidation, which leads to complete destruction over time.

1. Development o f a low-temperature technology to form thin PbSe films suitable for the
fabrication o f semiconductor elements [2].

2. To study the electrophysical properties and composition o f the obtained PbSe films and
to study their structural state in detail.

3Studying the effect o f carbon in the Sp1 state on the properties o f  PbSe films and its elec-
trophysical parameters.

4. To establish the relationship between the structure and spectral characteristics o f  PbSe
films and changes in its electrophysical properties under the influence o f temperature.
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On the basis o f a comprehensive study o f the properties o f  PbSe films obtained by solid-
phase synthesis, the appearance o f the transition to the semiconductor metal phase and the effect
o f  electrical exchange were determined [3]. It was found that the switching effect with the n-type
current-voltage characteristic is related to the semiconductor-to-metal phase transition in the PbSe
film. atomic force microscopy o f the surface structure o f  lead selenide films obtained by solid-
phase synthesis revealed the homogeneity o f  the surface structure, including deep voids that inter-
act with atmospheric oxygen. it was found that by coating these films with linear chain carbon, the
temporal stability o f  the samples can be increased many times [4-5]. In the analysis o f  reflection
spectra and Raman spectra o f PbSe films at temperatures o f  300 K  and 370 K, a change in spectral
properties was revealed: an increase in the reflection spectrum, a change in intensity, and modes
o f vibrational displacement. Information on the most characteristic properties o f lead selenide and
the main methods o f obtaining, results o f  studying the structure and properties o f linear chain
carbon films, phase transition models o f  semiconductors - the effect o f metal and electrical con-
ductor, as well as , A IVBVI type semiconductors, the possibility o f a phase transition o f a different
nature is considered.Particular attention is paid to the samples o f  two-phase composition o f
PbSe+PbSeO3 composition [6], in which anomalous change o f conductivity was determined at
temperatures around Tp=360 K. The temperature close to the metal-insulator transition character-
istics is Tp. the possibility o f electronic instability for the development o f  thermistors operating at
the phase transition temperature is described.

Films were placed on quartz glass substrates for optical measurements o f  the studied samples.
In order to study the electrophysical properties o f  semiconductors, they were synthesized on glass
substrates with pre-deposited aluminum electrodes. A  second aluminum electrode is placed on top
o f the samples.X-ray diffraction (diffractometry), X-ray photoelectron spectroscopy (XPS), Auger
electron spectroscopy (AES) methods were used to study the composition and structural properties
o f the films. X-ray phase analysis (X P A ) o f the samples revealed the NaCl (B1)-type cubic struc-
ture characteristic o f  lead selenide PbSe crystals and the monoclinic structure associated with the
lead selenide PbSeO3  phase [7-8] (Figure. 1, Table 1). both samples show that the lead selenide
phase is dominant. The concentration o f  the existing phases was calculated.

Table 1. Composition and structural properties o f  PbSe film phases.

№
Phase

Stex.
formula Name Singoniy Structure Denotation

Figure 1
Sod.mass

%

1,a
PbSe Clausthalitis Kub. Fm-3m ■ 55

PbSeOs Molybdenum Monokl. P21/m 0 45

1,b
PbSe Clausthalitis Kub. Fm-3m ■ 83

PbSeOs Molybdenum Monokl. P21/m 0 17

a) 2nd level b) 2nd level
Figure 1. PbSe (a) and Al-PbSe (b) diffraction patterns o f  films

Сборник статей международной научно-практической конференции по «Полупроводниковая опто- и
наноэлектроника, альтернативные источники энергии и их перспективы» Андижан, 12-13 октября 2023 года



122 Scientific Bulletin Physical and Mathematical Research (Special Issue)

XPS analysis revealed the presence o f the following elements in the surface layers o f PbSe
films: Pb, Se, O, C  and N a. when calculating the atomic composition, the presence o f  carbon,
whose appearance in the spectrum mainly depends on surface contamination, was not taken into
account [9-10]. The composition o f elements on the surface o f the sample before cutting varies
within a few percent at different points: lead (Pb) 21-27%, oxygen (O ) 45-55%, selenium (Se) 15-
16% . A ll samples contained sodium, whose appearance could be related to the substrate. the pres-
ence o f oxygen in the studied films is explained, first o f  all, by the specific characteristics o f their
synthesis and heat treatment, the mechanism o f which allows introducing oxygen-containing
phases into the volume and surface layers o f the material. secondly, the surface o f  PbSe tends to
oxidize during storage in air [11-12].The sequence disorder on the surface appeared due to the
presence o f  A l not being detected in the Al-PbSe sample, which may be due to the lack o f  diffusion
and the settling time at a temperature o f  523 K  (melting point o f  aluminum is 933 K), further
analysis was carried out with PbSe film.

The analysis o f the elemental composition during ion treatment for one hour (Figure 2)
shows a relative stabilization o f the composition, which is characterized by a monotonic decrease
in the amount o f  oxygen and an increase in the content o f lead from the 4th minute o f  growth,
which continues reaches 30 to the minute.then the amount o f selenium gradually decreases and
begins to decrease to statistically insignificant values. According to the results o f  ion etching, it
was found that the thickness o f the PbSe phase during sample synthesis was 250-300 nm.

a) 8  time mill. b)

Figure 2: Distribution o f  elements Se, O, Pb Figure 3. Electron microscopic image (a) depth distribution o f  Se,
by depth o f  PbSe film according to XPS O, Pb (b) elements o f  PbSe film according to AES data.
data. speed ~6 nm/min.

External impact electron spectroscopy (AES) was used to conduct local elemental analysis
o f PbSe films at different points on the surface [13-14]. The electron microscopic image (Figure
3a) shows the points where the elemental composition was studied. the plank consists o f  inter-
grown microcrystalline formations, the size o f their particles is 0.2^0.25 p,m. The composition was
analyzed at six points in different areas o f  the sample. In the aES method, layer by layer ionization
for 20 min (Figure 3b) indicates that individual grains may have higher selenium content [15].
thus, the percentage concentration o f elements (Pb, Se and O) may different at individual points
o f the film, which indicates the presence o f  X-ray amorphous phases o f lead, selenium and their
oxides.

Summarizing the results o f  X-ray studies, it is shown that PbSe films obtained by solid phase
synthesis are homogeneous in structure and composition, but homogeneities in the form o f defects
are revealed as the studied area decreases [16-17]. It was found that the temperature (523 K ) and
time (45 min) o f the heating are sufficient to form the lead selenide phase.

A  comprehensive study o f PbSe required further study o f their structure [18-19]. surface
topographies o f  the samples were obtained using an atomic force microscope (Figure 4). Scanning
was performed in semi-contact mode, the size o f the scanned area was 3x3 p,m. as shown, the films
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have a polycrystalline structure with a size o f about 250 nm, with many voids prominent. A  film
with such a surface actively interacts with atmospheric oxygen. according to our research, the
introduction o f oxygen leads to chemical interaction, the formation o f oxides [20].

nm j

200

ISO

IOO

so

о
О O.S 1.0 1.5 2 .0  um

Figure 4. A FM  image o f  pbSe film, scan area size 3 x 3 mkm.

Presents the results o f a study o f the effect o f  a linear chain carbon film on the properties o f
PbSe samples. When studying the Raman spectra o f  pbSe, PbSe-LCC films (Figure. 5) at room
temperature, the positions o f the peaks in both spectra in the region o f 132 and 795 cm-1 related
to PbSe were determined. It doesn't change, only the intensity changes. moreover, a maximum at
1563 cm-1 attributed to the double bond between carbon atoms was found in the PbSe-LCC system
[21-22]. The reflectance spectra R (l) o f  pbSe and PbSe-LCC films in the wavelength range o f 2-
16 pm were studied by Fourier-IR spectroscopy 10 days after their preparation. Two minima o f
the reflection coefficient associated with the PbSe and PbSeO3 phases were found in the R (l) spec-
tra [23]. the minima o f the reflection coefficient are associated with plasma resonance o f  free
charge carriers. The two plasma minima observed in the reflection spectra are further confirmation
o f the presence o f two phases, PbSe and PbSeO3, in PbSe films, consistent with the XRD data [24-
25]. For the pbSe LCC film, the plasma minimum associated with the PbSe phase is shifted to the
long wavelength region. According to, as the oxidation time increases, the mass o f  PbSe in the
film decreases, while the mass o f PbSeO3 increases. The plasma minimum associated with the
PbSe phase shifts to the short wavelength region. Thus, the PbSe film coated with the LCC layer
is less oxidized. moreover, according to the R (l) spectra, it was determined that the PbSe crystal
phase o f  the studied samples belongs to n-type conductivity.

Conclusion.A new modification o f the method o f obtaining lead selenide films by three-
layer phase synthesis was developed using the method o f layer-by-layer deposition o f  Pb, Se films
and subsequent spinning in a nitrogen atmosphere.

Structural, phase, chemical analyzes o f  polycrystalline layers o f  pbSe were carried out.
X-ray diffraction analysis and IR  reflection spectra showed that the studied samples mainly

contain two phases RbSe and PbSeO3. it was found that the PbSe crystal phase o f the studied
samples belongs to n-type conductivity.

More accurate XPS and AOS methods show the non-uniformity o f  the element concentration
distribution over the depth o f  the film, which leads to the formation o f  defects. surface morphology
o f lead selenide films was studied using atomic force microscopy. An inhomogeneous surface
structure containing deep voids leading to active interaction with atmospheric oxygen is identified.
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