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Features and main technological methods of forming thin layers of semiconductor materials by meth-
ods of chemical deposition and mechanical application are analyzed. The disadvantages of thermal sputter-
ing and cathodic sputtering of thin films in vacuum for multicomponent semiconductor compounds are
indicated. Features of chemical deposition of semiconductor films from the gas (steam) phase are presented.
Such deposition involves the transfer of source material from the evaporator zone with higher temperature
in the form of volatile compounds to the colder surface of the substrate, where the film growth occurs as a
result of reaction of transported compounds or their decomposition. It is shown that the growth of the film
during chemical vapor deposition is a process of layer-by-layer condensation of atoms or molecules, with
the advantageous difference that during chemical deposition the latter are formed as a result of a heteroge-
neous chemical reaction when there is no need for average free path length of the gas molecules to be
larger than the size of the deposition chamber, i.e. no need for critical degree of vacuum. Chemical deposi-
tion of thin films from solution is characterized as a process of precipitation of solute which occurs due to
the fact that the ionic product exceeds the product of solubility, i.e. it is greater than the constant value
characteristic of a saturated solution in the equilibrium state. We emphasize, that chemical deposition from
an water solution allows to obtain homogeneous in thickness and structure fine-grained non-textured me-
chanically stable polycrystalline films with good adhesion to substrates and the required set of properties.
The method of pulverization with subsequent pyrolysis is described. This is deposition from intracomplex
organometallic compounds, which is based on thermally stimulated reactions between clusters of atoms,
chemically active substances of liquid or vapor phase. The method of electrolytic deposition on electrically
conductive substrates is characterized. The method is using appropriate salt solutions by co-deposition of
individual components, or by deposition on the cathode of one of the components with its subsequent inter-
action with others present in the solution. We also describe the method of obtaining epitaxial thin films of
semiconductor deposition materials. We note that the analyzed methods or their modifications are neces-
sary tool today to create thin-film semiconductor structures with predetermined properties. In the same
time, in each particular case the features of each method of obtaining thin semiconductor films should be
comprehensively evaluated and, depending on the chemical composition, structure, topology and complex of
expected properties, the most effective method should be applied.

Key words: thin films, semiconductors, technological methods of obtaining, chemical deposition, pul-
verization, electrodeposition.
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Ipoananizosano ocobaueocmi ma OCHOBHI MEXHOIO2IUHI CHOCOOU (hOPMYBAHHA MOHKUX WAPIE HANIENPOBIOHUKOBUX Mamepianie Memo-
oamu XiMIMHO20 0CAONCEHH. MA MeXAHIYHO20 Hanecenns. Braszano nedoniku mepmiunoeo HanuieHHs ma KamooOHO20 PO3NUNEHHS MOHKUX
ni6oK y 6aKyymi 0 6a2amoKOMNOHEHMHUX HANIGNPOBIOHUKOBUX CNOLYK. Bucgimieno ocobaueocmi XiMiuHo20 0cadiceHHs HanienposioHuU-
KOBUX NIIBOK 3 2a30601 (napoeoi) gasu, ske nepeddbauae nepernecerHs GUXIOH020 Mamepiany i3 30Hu BUNAPOBYEAYA 3 BUWOI0 MEMNEPAMYpPoIo
y 6uenadi 1emioqux CHOIYK 00 XOA0OHIWOL noeepxHi niOK1aoKu, 0e i00y6aemvbcs picm NAIBKU 8 pe3yabmami peaxyii mpaHcnopmosaHux
CROIYK 00HA 3 00HOI0, abo ix poskiadanns. Ilokasano, wo picm nieKu npu XiMIMHOMY 0CAOICEHHI 3 NAPOBOT (hasu € npoyecom nouaposoi
KOHOeHcayii amomie 4y MOoAeKyl npu mitl 6USiOHIU 6IOMIHHOCII, WO NPU XIMIYHOMY OCAONCEHHI OCMAHHI YMBOPIOMbCsL 8 pe3ylbmami
2emepoceHHol XIMIYHOI peakyii, Koau He NOmMpIiOHO, WobU cepeOHsi D0B8HCUHA BITLHO2O NPODIcy MOAEKYL 2azy Oyaa OLibUWO0 6i0 po3Mipie
Kamepu 0I5t 0CA0dCeHHs, MOOMO He HACMINbKU KpUMUdHUil cmynins 8axyymy. OXapakmepu3o8ano Ximiune 0Ca0dCeHHs: MOHKUX NIIGOK 3
PO3YUHY K NpOYeC BUNAOAHHS 8 OCAO POZYUHEHOI PEHOBUHU BHACTIOOK MO0, WO IOHHUTI 00OYMOK nepesuuye 000YmMoK po3uuHHOCHI, moo-
mo 6inbuwull 610 NOCMILIHOL GeIUYUHU, XAPAKMEPHOT Ol HACUYEHO20 PO3YUHY 8 PIBHOBANCHOMY cmaHi. TTiOKkpecneno, wo Ximiune 0caddicents
3 600HO20 PO3UUHY O0380JAE OMPUMYBAMU OOHOPIOHI 3 MOBWUHOIO | CINPYKIYPOIO, NOIKPUCIANIYHI, OpIOHO3ePHUCTII, HeMEeKCMYPO8aHi,
MexauiuHo CMILKi naigku 3 00OpoIo adeesicio 00 NiOKIAOOK i HeoOXIOHUM Habopom enacmugocmetli. Onucano memoo nyrveepusayii 3 nooa-
TLULUM NEIPOTIZOM — OCAONCEHHSL I3 GHYMPIKOMIACKCHUX MEeMAI00P2AHIYHUX CROYK, AKULL IDYHIMYEMbCA HA MEPMOCMUMYIbOBAHUX PeaKYinx
Midic Kniacmepamu amomie, NonepeoHbo Po3NUNCHUX XIMIUHO AKMUBHUX pe4osuH pioKoi uu napoeoi gazu. Oxapakxmepuzo8ano memoo enex-
MPORTMUYHO20 OCAOHCEHHS HA eIeKMPONPOBIOHT NIOKIAOKU 3 BUKOPUCIIAHHAM GIONOBIOHUX PO3UUHIE CONell CYMICHUM OCAONCEHHAM OKPEeMUX
KOMROHEHMIB, a0 WIAXOM OCAOINCEHHS HA KAMOOi 00HO20 i3 KOMNOHEHMIB 3 NOOANLULOIO 1020 83AEMOOICIO 3 THUUMU, HAABHUMU 8 PO3HUUHI,
ma cnocio ompuManHs enimakciaibHUX MOHKUX NIIGOK HANIGNPOBIOHUKOBUX MAMEPIAN8 0CAONCeHHAM 3 PIOKOT asu. 3azHaueHo, wo npo-
aHanizosani cnocobu uu ixXHi Mooudikayii € maxkum HeoOXIOHUM HA CbO20OHI 3AcOOOM CMBOPEHHA MOHKONIIBKOBUX HANIBNPOBIOHUKOBUX
cmpykmyp i3 Hanepeo 3a0aHUMU GLACIUBOCIAMU, A 8 KOJICHOMY KOHKPEMHOMY 6UNAOKY CILI0 8CECMOPOHHBO OYIHUMU 0COOIUBOCIE KOJICHO-
20 Cnocoby OMPUMAHHA MOHKUX HANIGNPOGIOHUKOBUX NIIBOK | 3AIENHCHO 8I0 XIMIYHO20 CKIAOY, CMPYKMYPU, MONONOZIL Ma KOMNIEKCY OYiK)-
BAHUX GLACMUBOCIEN 3ACMOCYBAMU HAlleDEeKMUBHIWUL MEMOO.

Kniouogi cnosa: monki nuiexu, HanienposionuK, MexHoI02i4Hi Memoou OMpPUMAHHA, XIMIUHe 0CAONCEHHS, NYIbeepU3ayis, eneKmpoo-
caooicenus.

Introduction Chemical deposition from the gas phase
Chemical deposition from the gas (steam) phase in-
In previous reviews (Tsizh & Dziamski, 2019; 2020)  volves the transfer of source material from the evaporator
we described the features of different methods of obtain-  zone with a higher temperature in the form of volatile
ing the semiconductors thin films in vacuum, in particu- compounds to the colder surface of the substrate. There,
lar, methods of thermal and cathodic spraying. These the film growth occurs, as a result of reaction of the trans-
methods have a number of positive factors and ad- ported compounds, or, their decomposicion, as a rule with
vantages, such as a high degree of purity of the synthesis, heterogeneous mechanism, the nature of which depends
wide possibilities of regulation by evaporation, sublima- on the composition of the compound (Kalinkin et al.,
tion or spraying of the source material and deposition 1978; Kiriashkina et al., 1979; Chopra & Das, 1983; Ma-
conditions, as well as condensation on the substrate. Other  zurenko et al., 2001; Duniushkina, 2015). Thus, in this
advantages are: the needed selection of components for technology, the thin film is a substantially condensed
multicomponent compositions of films and a wide choice  solid phase of the isolated chemical reaction products.
and the possibility of varying the technological parame-  This reaction occurs near the substrate or on its surface as
ters of deposition (the composition of the synthesis at-  a result of the action of vapors of the corresponding com-
mosphere, the temperature of the source material and the  pounds or reactive gases on it. There are options for acti-
substrate, the sputtering rate). However, all these methods  vating the necessary chemical reactions using thermal or
have disadvantages that limit their application. First of all,  electromagnetic fields and radiation, electric arc dis-
all methods of preparation in vacuum require special charge, electron bombardment or catalytically active
vacuum equipment, and it is cumbersome and expensive.  substrate surfaces.
In addition, in each of these methods, the starting material Variety of ways is beeing used to transfer the neces-
is subjected to either significant thermal heating, or bom-  sary compounds in the area of the substrate, namely:
bardment by electrons or ions, or the action of other fac-  resublimation in a stream of inert gas, chemical transport
tors. This can lead to the rupture of chemical bonds in the  reactions, which consist in the conversion of the source
molecules of the source material, energy excitation of substance into a volatile compound transferring it to the
atoms or molecules and other consequences that signifi- substrate, decomposition of steam and condensation on
cantly affect the stoichiometry, structure and properties of  the surface of the substrate of the source material. In the
condensates. These factors have led to the search for other  role of carrier gas and chemical reagent pure hydrogen is
ways to obtain semiconductor thin films, such as chemical  used, as well as its various mixtures such as H, + HCI, H,
deposition and mechanical application. + HB,, HCI + HB,, or other gases. A variant of transfer
Various types of chemical deposition methods are by chemical transport reactions is the method of close
widely used to obtain thin films of semiconductor materi- transfer (sandwich method), in which the distance be-
als, such as gas phase and solution deposition, spray by  tween the source and the substrate is 0.1...0.5 mm and the
subsequent pyrolysis, electrodeposition and others, which  temperature difference is — 10...100 degrees (Mazurenko
are based on chemical reactions and are characterized by et al., 2001). Aslo a similar method of gas transport reac-
simple production technology and relatively high repro-  tions in a quasi-closed volume can be used.
ducibility. The following is a brief description of the types As in spraying methods, in vacuum, the growth of the
of chemical deposition of thin semiconductor films. film during chemical vapor deposition is a process of
layer-by-layer condensation of atoms or molecules. It
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advantage is, that in chemical deposition molecules are
created as a result of heterogeneous chemical reaction,
when there is no need for average free path length of the
gas molecules to be larger than the size of the deposition
chamber, i.e. no need in critical degree of vacuum
(Duniushkina, 2015).

Chemical deposition from solution

From a chemical point of view, the deposition of thin
films from solution is the precipitation of solute due to the
fact that the ionic product exceeds the product of solubili-
ty, i.e. it is greater than the constant value characteristic of
a saturated solution at equilibrium. In the first stage of the
heterogeneous deposition process, the catalytic decompo-
sition of semiconductors or their derivatives takes place
with the formation of the corresponding ions (Hartmut &
Hamid, 2015; Antoniuk et al., 2016). In the second stage,
these ions interact to form the corresponding compounds
in the volume of the solution and the growth of thin films
on the substrate takes place. In order for the process of
chemical deposition of films to be controlled and for
spontaneous precipitation not to occur, appropriate com-
plexing elements of the required concentration are some-
times added to the initial solution, which ensure the equi-
librium conditions.

In this method, the ions that are part of the semicon-
ductor compounds are successively deposited on those
parts of the substrate that contain growth centers. The film
growth process includes an initial stage with a low growth
rate due to the induction period of critical nucleation in a
homogeneous system on a clean surface, a stage of active
deposition with a sharp increase in the deposition rate to
values equal to the dissolution rate (solubility product),
and a final stage, when the growth of the film stops.

Technological equipment for chemical deposition
from solution is relatively simple. The substrates are
placed in reaction baths, where the films grow at the re-
quired temperature and the solution is stirred. Due to the
widespread use of this method in semiconductor technol-
ogy a number of authors (Bunshah, 1994; Hartmut &
Hamid, 2015) studied kinetics and thermodynamic fea-
tures of the mechanism of chemical deposition of films of
inorganic semiconductor materials from aqueous solu-
tions, and theoretically and experimentally analyzed the
influence of the composition and temperature of the bath
on the process of formation and properties of films.

The method of chemical deposition from an aqueous
solution allows to obtain homogeneous in thickness and
structure polycrystalline, fine-grained, non-textured, me-
chanically stable films with good adhesion to substrates
and the required set of properties.

Pulverization followed by pyrolysis

The method of pulverization followed by pyrolysis, or
as it is also called, deposition from intracomplex organo-
metallic compounds (IOC) is based on fast reactions be-
tween clusters of atoms previously developed by chemi-
cally active substances of the liquid or vapor phase. This
technology involves spraying on a hot substrate an aque-
ous or other solution that includes salts of the components
of a thin film (Chopra & Das, 1983; Seshan, 2002; Ho-
sokawa et al., 2008). After reaching the surface of the

heated substrate, the droplets of the solution decompose
as a result of the endothermic pyrolytic process and the
volatile reaction products are released in the form of va-
por, while crystals settle on the substrate, which form a
thin film.

Thus, the deposition process from the IOC includes
spraying the initial solution and transferring its droplets to
the substrate, thermal decomposition of salts and pyrolytic
chemical reaction between the reagents — decomposition
products, sedimentation of solid fractions on the substrate
and evaporation of solvents. Heating the substrate to a
temperature of about 500 ... 700 K is a prerequisite for
this method, necessary for thermal decomposition of the
solution, chemical interaction of individual components
and the final processes of growth (union and recrystalliza-
tion of individual groups of clusters, the formation of a
continuous film).

One of the most important elements of technological
equipment for chemical deposition from the IOC is a
pulverizer, which sprays the chemical solution into small
drops using purified carrier gas at certain pressures and
flow rates. The technological parameters of the process,
such as the shape of the jet, the size of the droplets, the
spray rate etc., significantly depend on the configuration
of the pulverizer into which the gas and solution enter.
To date, a number of spray designs have been developed
for spraying solutions of various semiconductor materials
depending on the parameters of the expected films, which
together with the substrate temperature and the composi-
tion of the initial solution determine the structure and
properties of condensates.

Thin films obtained by pulverization followed by py-
rolysis are usually polycrystalline and are characterized
by high adhesion to the substrate, mechanical strength and
stability. They have a rough surface in which the shape
and size of the irregularities are determined by technolog-
ical parameters, the grain size of the crystals is often 0.2
... 0.5 pm, and their thickness can reach 5 pm.

Electrodeposition and other methods of chemical
application

To obtain semiconductor thin films, the method of
electrolytic deposition on electrically conductive sub-
strates is applied. It is applied with appropriate salt solu-
tions by co-deposition of individual components, or by
deposition on the cathode of one of the components with
its subsequent interaction with others present in the solu-
tion. To date, the influence of technological parameters of
electrodeposition, such as the composition of the electro-
lytic bath, the shape of the active and counter electrodes,
current density and others that determine the growth con-
ditions, microstructure and properties of films is studied
in details (Chopra & Das, 1983; Seshan, 2002; Hosokawa
et al., 2008; Kalynushkin et al., 2009).

Preparation of semiconductor films by electrophoresis
by depositing particles from a colloidal solution on the
electrode is also well known.

To obtain thick films the method of screen printing is
used, in which the substrate is applied using a stencil and
squeegee, which, in addition to fine-grained powder of the
main component, includes binders, organic suspension
and solvent. Subsequent chemical reactions occurs in the
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process of thermal annealing and formation of the appro-
priate composition. There are also various methods of
pressing and sintering powders.

The method to obtain epitaxial thin films of semicon-
ductor materials by precipitation from the liquid phase
(liquid-phase epitaxy) is usual. This method is based on
crystallization from a supersaturated solution, which is
cooled in one of the solvents: In, Ga, Bi, Sn, Pb, Cd or
other. The substrate is immersed in a solution saturated
with the desired substance and heated to the desired tem-
perature, followed by gradual cooling. The chemical
composition of the solution, its cooling rate and deposi-
tion time determine the structure, properties and thickness
of the films. Under optimal conditions, the condensate
structure is a continuation of the monocrystalline sub-
strate structure. Pre-evacuation of compounds is often
required in liquid phase epitaxy technology up to 103...10*
[Ta, unsoldering the ampoules, heating in the oven to the
desired temperature and tilting to an angle sufficient to
cover the melt of the substrate.

Conclusions

From the above one can conclude, that as a rule, the
equipment in chemical deposition methods is relatively
simple and does not require a vacuum part, there is a
possibility of effective control of chemical composition,
film configuration, concentration of alloying impurities,
deposition rate and other technological parameters. How-
ever, the disadvantages of chemical methods are the com-
plexity of thermodynamics and kinetics of deposition
processes, high toxicity, explosiveness, reactive and cor-
rosive activity, limited choice of substrate materials, lack
of masking capabilities, difficulty of controlling the ho-
mogeneity of films during growth, low purity of techno-
logical conditions compared to vacuum. Therefore, in
each case, the features of each method of obtaining thin
semiconductor films should be comprehensively evaluat-
ed and, depending on the chemical composition, structure,
topology and complex of expected properties, the most
effective method should be applied.

This work was supported by the project of Ministry of
Education and Science of Ukraine “Development of com-
posite organo-inorganic heterostructures for reversible gas
sensors” (state registration number 0120U101998).
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