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CHEMISTRY AND CHEMICAL TECHNOLOGY

MANUFACTURING OF INSTRUMENT STRUCTURES
FROM FORMED SILICIDE FILMS

I.R. Bekpulatov
Tashkent State Technical University,
University st 2., 100095, Tashkent, Uzbekistan

Abstract: This work provides information on the formation of the main part of thermal
radiation receivers. In addition, the article defines and creates optimal modes for creating
targets for magnetron sputtering from higher manganese silicide (Mn,Si;) and cobalt
monosilicide (CoSi). As is known, the device is formed from a two - type film, where the Mn,Si,
film gives the p - type, and the CoSi film gives the n - type. Films were formed using these
targets by magnetron sputtering and their electrophysical properties were studied. The results
obtained showed that the resulting films have a structure suitable for instrumentation. The
paper also presents theoretical studies on the creation of photomasks to create a device
design. Using the method of magnetron sputtering, a structure was created that can be used
in thermal radiation receivers. The mechanism of structure formation has been developed.

Keywords: magnetron sputtering, higher manganese silicide, cobalt monosilicide,
instrumentation, thermal radiation receiver, photomask.

INTRODUCTION. In recent years, instrumentation has been developing very rapidly,
with the greatest changes occurring in electronics and computer science. The problem of
increasing the efficiency and stability of inexpensive solar cells based on amorphous silicon
has been relevant for decades. Interest in solar cells obtained by low-temperature methods is
primarily due to the possibility of using non-refractory substrates, as well as their moderate
cost based on the use of p-n structures. It is known that the presence of ~(10 - 15)%
nanocrystalline silicon (n - Si) in Si suppresses the Stebler-Wronsky effect and thereby
increases the stability of solar cells [1-10].

p-n-transition-a region of space at the junction of two semiconductors p - and n - type,
in which there is a transition from one type of conductivity to another, such a transition is also
called an electron-hole transition. This property of semiconductors is widely used in
instrumentation. In this section of the article, we will reveal a method for creating chamomile-
shaped device structures from films of higher manganese silicide and n-type cobalt silicide
[11-13].

The pressure behavior of the competing intra- and interchain magnetic interactions was
analyzed on the basis of obtained structural data and their role in the formation of the
magnetic phase diagram is discussed. The pressure behavior of the Néel temperature of the
commensurate AFM phase was evaluated within the mean field theory approach and a good
agreement with the experimental value dTNC/dP=0.65K/GPa was obtained.

The samples were analysed using X-ray diffraction (XRD) and Energy dispersive
spectroscopy (EDS) to study the microstructural and composition changes. The XRD results
showed the crystalline structure for the sample before and after irradiation (with gamma
irradiation dose 9.7, 48.5 and 97 kGy). Amorphization of the sample began at the gamma
irradiation dose of 145.5 kGy. Increase in gamma irradiation dose had an inverse effect on the
activation energy and had a directly proportional effect on the lattice volume [22-30].
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The effect of preliminary radiation-oxidative treatment on the current density and
current—voltage characteristic of metallic zirconium has been studied. The contribution of
preliminary radiation-oxidative treatment to the change in the electrophysical characteristics
during thermal and radiation—thermal tests in the contact of zirconium with water is revealed
[31-32].

The X-ray diffraction (XRD) spectrum of the nano-ZrO, compound was drawn, the crystal
structure was determined at room temperature and under normal conditions. Radiation-
thermal decomposition of water on nanosized ZrO, in the temperature range of T=300-673 K
has been studied by Fourier transform infrared spectroscopy (FTIR) and Raman spectroscopy
[33]. The paper reports on a method of low-temperature vacuum-thermal cleaning of the
surface of Si and GaAs single crystals developed by the authors, which consists in implanting
Ba’ ions (or alkaline elements) into Si and GaAs crystals preliminarily cleaned by ultra-high
vacuum by ion etching and subsequent annealing in two stage at 800 K - 15 minutes and at
1000 K for 30 minutes. The effect of effective cleaning is achieved due to the fact that the
introduced ions of Ba* and alkaline elements, being active, form compounds with impurity
atoms (O, C, S, N, etc.) at the first stage and are removed together with impurities after the
second stage of heating [34].

Arises formation of thin films of cobalt monosilicide (CoSi) deposited into the base
surface of SiO,/Si (111) using magnetron ion-plasma sputtering and subsequent thermal
annealing. It was found that, in addition to the formation of CoSi silicide, there are also Co and
Si atoms that do not form bonds on the surface.

Therefore, in this work, we studied the surface morphology and composition of a CoSi
silicon target using a scanning electron microscope. The study, silicide CoSi was chosen as the
target and standard SiO,/Si (111) was used as the substrate. Has been study, surface
morphology and composition of the CoSi silicon film obtained by SEM. The paper reports on a
method, morphology of the surface of a CoSi silicon film obtained using Raman microscopy.
The results obtained are based on the fact that they were obtained using a modern
magnetron sputterer, a high-vacuum thermal heater, and modern devices [35].

MATERIAL AND METHODS. The magnetron sputtering method has been mainly used for
surface research and analysis, surface cleaning, ion beam etching, discharge tube behavior,
ion accelerator technology, vacuum plant design, first wall problem in fusion energy devices,
space research, etc. Only after As the sputtering process itself was combined with magnetic
fields (hence the term "magnetron") to improve "sputtering performance", the technique
became used worldwide in a wider area of industrial applications such as deposition of thin
films on various materials.

Before the introduction of the Ar® gas into the chamber, the pressure generated in the
chamber is about 10° Pa, and the pressure of the vacuum created after the introduction of
the gas is 10 Pa.

Fig.1. Targetnp - type Mn,Sis. Fig. 2. Target n - type CoSi.
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The creation of targets for magnetron sputtering requires a high-tech process. In
particular, metals and semiconductors are crushed to a state of powder, the required amount
of which is accurately measured using an analytical balance and baked in a mold [14-15].The
formation of the p-type Mn,Si; target was carried out at a vacuum of 107 Pa by slowly heating
under pressure to a maximum temperature of 1100°C, at which it was kept for 1 hour. A
constant pressure of 1.510° Pa was applied to the target surface. After turning off the
furnace, the target was cooled to the initial state (Fig. 1).

The n-type CoSi target was formed in a vacuum of 10? Pa. In this case, the
manufactured target was slowly heated at a constant pressure of 1.5°10° Pa to a maximum
temperature of 1050°C. Exposure lasted 1 hour. After turning off the furnace, the sample was
cooled to the initial state, and in this case, targets 76 mm in diameter and 6 mm thick were
formed (Fig. 2).

Before placing the target on the magnetron, their composition and structure were
examined with a Quanta 200 3D scanning electron microscope (Figs. 3 and 4). After the
formation of a Mn,Si; film with a thickness of ~0.7 um, their resistivity was determined by the
four-probe method, and the thermo-EMF, in a vacuum of 10 Pa, by the two-probe method
[16].
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Fig. 3. Image of the CoSi target obtained Fig. 4. Image of the Mn,Si; target obtained
with a scanning electron microscope. with a scanning electron microscope.

The results obtained show that the targets were formed from Mn4Si; and CoSi silicides.
It is the selection of these silicides that has good thermal efficiency and is rarely used in
production. Of course, a small percentage of foreign impurities is present in the surface and
near-surface layers, and the amount of oxygen on the surface is quite large. As far as we
know, high vacuum conditions are not used in the formation of the target, and the
appearance of foreign atoms on the surface as a result of exposure to subsequent open air is
natural. We can only reduce their percentage, but we cannot completely clean them up.

In conclusion, the optimal regimes for the formation of p - type Mn,Si; and n - type CoSi
targets were determined, which were used to create device structures. The band width of the
Mn,Si;/SiO; film was measured on a high-precision HR-4000 spectrometer according to the
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law of light reflection. It is known that the thermoelectric figure of merit of a material is a
dimensionless quantity and is determined by formula (1) [17-19].

S_uTk=SloThirie

The Mn4Si7 film formed by magnetron sputtering is in the amorphous state before
thermal heating, which we can identify from (Fig. 5a). Silicon and manganese atoms deposited
on silicon oxide almost completely cover the substrate. As a result of experiments with an
amorphous film, we see that the film has metallic properties. In the amorphous state, the
resistance of the film is greater than the resistance in the polycrystalline state. This is due to
the fact that the bond between the manganese and silicon atoms is very weak and there are
point defects on the surface areas that are not completely covered. After the film is annealed,
point defects on the surface disappear, the manganese and silicon atoms form a bond, and
the resulting structure has semiconductor properties. The formation of the Mn,Si; film was
carried out by magnetron sputtering (sputtering lasted 15 minutes). During this time, an
amorphous Mn,Si; film 250 nm thick was formed. But during the next heat treatment, i.e.,
after heating at a temperature of 800 K, there is a change in the thickness and concentration
of the resulting polycrystalline Mn4Si; film.

(1)

Fig. 5. Mn,Si; film before heating a) and after heating at a pressure of 10> Pa at a
temperature of T =800 K b).

On fig. 6 shows the morphology and composition of the formed CoSi/SiO,/Si thin silicon
film obtained using a scanning electron microscope [20]. The surface shown in fig. 6 shows the
morphology of a CoSi silicon film with smooth but known defects. The main reason for the
formation of these defects is that, when CoSi is sputtered, various nanosized pieces of CoSi
are deposited on the substrate. To minimize these defects and the amount of unbound Co and
Si atoms, the film is heated at 700 K for 1 hour in high vacuum (10 Pa).

To create effective receivers of thermal radiation (thermoelectric converters) of various
designs, it is necessary to form a series connection of a p-type manganese silicide layer and an
n-type cobalt (or metal) silicide conductivity layer, to the final and initial parts of which
conductors can be soldered. Since it is desirable to make the dimensions of thermal radiation
receivers as small as possible, but reproducible and convenient in production, the size of the
main part of the transducers was chosen within 5-6 mm. For ease of manufacture and the
ability to quickly change the topology of photomasks, the option of flexible film templates
(special phototechnical film) was chosen. Today, this option is widely used in production.
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Fig. 6. Surface morphology and composmon of the CoSi film on the SiO, surface,
obtained by SEM.

The most suitable materials for the manufacture of photomasks (depending on the task)
turned out to be phototechnical reproduction films of the FT type with different indicators.
Convenient and modern material AGFA Recording HNS photographic film based on polyester
for exposure with a red laser or a red laser diode at a wavelength of 630 - 670 nm. The film is
processed on automatic processing machines with high productivity.

The proposed topological scheme of film photomasks should take into account the
following:

-the accuracy of manufacturing elements on the film cannot be better than 10 - 20
microns;

-the roughness of the edge of the image can reach 5 - 10 microns;

-during production (drawing), the film can be stretched, including diagonally, topological
patterns should be located closer to each other in one zone of the rolled film;

-it is necessary to provide for the combination of topological layers (for the design of
special alignment marks).

Thus, the first tests showed that if the topology of sections of manganese silicide is first
formed, and a metal layer is applied on top, then a continuous upper layer of metal does not
allow you to see the lower topological pattern and it is impossible to combine the layers
(patterns). To do this, it is necessary to move the alignment marks outside the area of the
working areas and take measures to ensure that the primary alignment mark is not covered
with a layer of metal.

a) b)
Fig.7. (a) to obtain p-type Mn,Si; and (b) to form an n-type CoSi structure.

9



Ne4/2022 year. Technical science and innovation

Photomasks were prepared to create instrument structures from different materials.
The fabricated photomasks (2 types) were used to create instrumental structures. Each
photomask type will also have two different representations. In particular, the photomask
shown in Fig. 7 shows separate p- and n-type molds that were used in the magnetron
sputtering apparatus.

Photolithography is a technological process based on the use of photochemical
phenomena occurring in a photoresist layer deposited on a substrate during treatment with
ultraviolet radiation through a mask (photomask), and then ideas about the formation of a
mask in a layer through a photoresist mask and wrapping the substrate.

The spin technology is mainly used, in which a thin layer of photoresist is applied to the
substrate on one side. The advantage of this method is the possibility of applying a layer of
photoresist to small areas of the surface with a high degree of uniformity in thickness. The
dependence of the thickness of the photoresist layer h remaining on the surface on the
centrifuge speed w and the kinematic viscosity of the photoresist n on the generally accepted
speed range is determined by the dependence of the form: h=Kv(n/w), where the substances
are in solution. To apply photoresists to plates of any shape, you can use a variable table with
a rotation time of 5 to 60 s and very simple centrifuges with speed control in the range of 300
- 3000 rpm. [21].

At present, contact photolithography is widely used and is the most advanced method,
characterized by high productivity and low cost. Relatively high resolutions are achieved due
to the close contact of the photomask with the substrate. Elements with a size of 1.0 - 1.5 um
can be transferred onto a photolayer of a positive photoresist with a thickness of 0.5 - 0.7 um.

To process any type of photoresist, mercury lamps or laser processing must be used.
There are also UV lamps based on UV LEDs, such as the NDS 312/308, which provide high
power at a wavelength of approximately 365 nm.

The correct exposure depends on the type of photomask, the thickness of the
photoresist and the process parameters. The main condition for a high-quality exposure
operation is to determine the optimal exposure that provides the best quality and
reproducibility of the results of the photolithographic process. In practice, a number of control
processes are carried out to determine the optimal exposure, exposures are made at different
shutter speeds, they are developed in a standard way, and the resulting image is controlled
using microscopes Mll-4, MIM-7, etc.

RESULTS AND DISCUSSION. The mask is placed on the substrate and for 15 minutes
under a pressure of 10 Pa (after the introduction of Ar” ions), the highest manganese silicide
is sprayed using the magnetron sputtering method. This allows you to get the p-type structure
of the instrument structure. After turning off the magnetron sputtering device, the formed
structure is carefully examined; the main reason for such an inspection can be explained by
the formation of a clear border on the sides of the formed structure (Fig. 8). The process of
development of photoresists consists in the complete removal of unnecessary areas of the
photoresist from the surface of the substrate after exposure. As a result, only a protective
relief of the desired configuration remains on the surface (the surface for etching is exposed).
The development of layers of positive photoresist is usually carried out in slightly alkaline
solutions, which leads to the removal of exposed areas. During development, a chemical
reaction occurs and the indencarboxylic acid obtained as a result of exposure turns into a
highly soluble salt, which is then easily washed out. After spraying, the surface of the
photoresist changes from a hydrophobic state to a hydrophilic one, so the dusty areas are well
wetted by the manufacturer. As developers, water-alkaline solutions are used (0.3 - 0.5%
alkaline potassium solution, 1 - 2% trisodium phosphate solution).

10
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The placement of the second mask requires more precision than the placement of the
first mask, because in the first magnetron the sputtered layer must form contacts in the right
part of the higher silicide-manganese film. The structure placed in the magnetron sputtering
device was re-sputtered with cobalt silicide, and the structure was finally formed (Fig. 9).

Fig. 8. Sputtered Mn,Si; side of the device Fig. 9. Sputtered CoSi side of the device in
in the form of a camomile. the form of a camomile.

The next process is the heat treatment of the manufactured device. To do this, p - type
Mn4Si; and n - type CoSi structures formed by magnetron sputtering are heated to a
temperature of 600 °C at a pressure of 10° Pa [1, 14].

The task of the final stage of photolithography is the formation of a topological coating
on the material being processed. For this, chemical etching processes are mainly used
(dissolution of a material based on the interaction of this material with an etching solution).
Using the method of magnetron sputtering, structures were created that can be used in
thermal radiation receivers. The mechanism of structure formation has been developed.

CONCLUSIONS.This paper shows that various types of structures were created by
magnetron sputtering of a Mn,Si; p-type and CoSi n-type target using a photomask and that
these structures can be used in thermal radiation detectors. The optimal modes of formation
of Mn,Si; p-type and CoSi n-type targets are determined. Mn,Si; and CoSi targets for the
magnetron sputtering device have been created. Photomasks have been prepared to create
an instrument structure from different materials. Photomasks (2 types) were made, which
were used to create instrumental structures. A structure was created using the magnetron
sputtering method, which could be used in thermal radiation receivers. The mechanism of
structure formation has been developed.
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PRODUCTION OF SULFUR POLYMER CONCRETES FROM INDUSTRIAL WASTES

D.G. Gadamov', M.B. Khudaiberdyyev', U.A. Ziyamukhamedova®
lTechnology center of the Academy of Sciences of Turkmenistan
Bitaraplyk st 744000, Ashgabad, Turkmenistan
Tashkent State Transport University,

Adilkhodjaev st 2 100067, Tashkent, Uzbekistan

Abstract: Using molecular sulfur and industrial waste materials, as well as various types
of mineral raw materials, the scientific basis of obtaining a new composition of sulfur concrete
was developed. Scientific-research work was carried out on the selection of a new method of
synthesizing sulfur polymer concrete modified with sulfur binder using pyrolysis waste as a
modifier, that is, the general method of preparing the binder composition which is developed
under laboratory conditions was tested, and suitable methods of production were determined.

Keywords: Sulfur polymer concrete, composition, modifier, pyrolysis residue, modified
sulfur, sand, sulfur residue, gaseous sulfur.

INTRODUCTION. The industrial use of sulfur produced during natural gas purification is
one of the priority areas, and great attention is paid to its development. Given the large
reserves of gaseous sulfur and petroleum bitumen, the production of new road construction
materials based on modified natural sulfur and sulfur-bitumen, including sulfur concrete, is
currently economically and ecologically viable and it has a great future. This determines the
need to conduct targeted scientific and practical research aimed at developing effective
methods and technology for their production.
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