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1. Introduction

At present, the needs of humanity in energy are con-
stantly growing. However, already in the nearest decades, 
energy producers will face a shortage of natural fuel (oil, gas, 
coal). In addition, there may occur a problem of catastrophic 
pollution of the environment caused by burning this fuel, 
as well as the potential danger of nuclear power generation. 
Therefore, there is a necessity to obtain cheap energy using 
renewable power sources with minimal impact on the envi-
ronment [1]. That is why now the so-called “non-traditional” 
or “clean” energy is gaining traction, which employs virtual-
ly inexhaustible resources [2].

World photovoltaics is one of the most promising sectors 
of modern industry, rapidly developing, which in recent years 
has experienced one of the large increases in the production 
of electricity. Prices for traditional energy sources are con-
stantly growing, due to the growth of the world population, 
intensive growth of consumption of industrial production of 
energy. The desire to reduce cost and enhance the technical 
and photovoltaic parameters leads to the development of new 
systems, more numerous and comprehensive in this area. In 
this case, over the last decade, most ground-based photovol-
taic systems have been designed based on crystalline silicon 
with a mean value of conversion efficiency at η≈16–18–20 %.

Photovoltaics is the most elegant technique for electric-
ity generation without moving parts, gas release or noise. 
Moreover, all this is possible when converting an infinite 
amount of solar energy. This has become the impetus for the 
development of high power solar energy that could compete 
with traditional methods of generating electricity in order to 
meet energy needs of humanity. 

Solar cells (SC) have confirmed their indispensability, 
high reliability and durability when operating both aboard 
the spacecraft and in the construction of large ground-based 
solar plants and in photovoltaic panels on our walls and roofs.

High efficiency, technological simplicity, low cost of fab-
rication and sufficient degradation resistance are mandatory 
criteria to the SC of ground-based photovoltaics at all levels. 
In the large-scale use, today’s SCs do not comply in full 
with the specified requirements and remain insufficiently 
profitable [1, 2].

All SC have different structure. The only drawback is the 
high price of such structures at high degradation. Creation 
of multi-functional organic multitexture on the frontal sur-
face of a photoelectric converter using the hybrid technolo-
gies will reduce the cost and improve the technical and the 
photovoltaic parameters of SC. 

Intensive development of modern photovoltaics requires 
extensive research and application of new materials and tech-
nologies. Development and creation of modern SC depends in 
many respects on the advances technologies. This is, first of 
all, a synthesis of materials and the application of new types 
of films [1]. Such coatings can be used as texture and anti-re-
flective coatings (ARC) of SC with their optimal use. These 
coatings are used in photovoltaics as elements of the structure 
of SC, as brightening and protective coatings, etc.

Among known technological techniques for the forma-
tion of coatings with the required physical-chemical prop-
erties, of great interest is the sol-gel process. This method 
implies formation of coating on a silicon substrate from 
colloidal solution by centrifugation or immersion of the sub-
strate of a would-be SC into a film-forming organic solution. 
During subsequent thermal treatment, it is possible to re-
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ceive from it a solid organic film with parameters (thickness, 
porosity, etc.) that are determined by technological process. 
Controlled introduction of additional components to the 
film-forming organic solution makes it possible to change 
the properties of the coatings obtained from them. Techno-
logical process can change the required optical and electri-
cal-physical parameters (chemical composition, coefficient 
of thermal expansion, etc.), that is, it is possible to easily 
modify the properties of the resulting product [2].

Over the last decade, increased attention has been paid 
to photovoltaic devices with organic components. If we com-
pare technologies based on different silicon solar cells, it is 
possible to see that very different technologies complement 
each other in many cases. Some technologies propose low 
cost, low coefficient of heat budget, different treatment with 
a solution, flexible substrates and very high speed of treat-
ment. Until recently, solar cells based on pure silicon solar 
cells had advantages in effectiveness and operation life cycle 
of a device, as well as in device performance efficiency that 
exceeded 20 %, while degradation for multi- and monocrys-
talline silicon SC (in the form of standard solar panels) at 
work in the open air (roofs and walls of buildings, etc.) with-
stood more than 25 years. 

It should be emphasized that the high efficiency and long 
life cycle is not observed for the same SC with organic ma-
terial, and one of the current problems is the combination of 
all of the desired properties in the same material (efficiency, 
stability, manufacturability and low cost) [3].

2. Literature review and problem statement

Several methods of obtaining a textured surface of sil-
icon substrates were developed for the subsequent usage in 
SC [4]. The most known and widely used method is aniso-
tropic etching of the surface of silicon substrates in a 10 % 
aqueous solution of KOH with obtaining pyramid textures. 
Highly efficient textures can also be received using the elec-
trochemical method or anodizing under direct current in 
hydrofluoric electrolytes, as well as the method of chemical 
etching of silicon substrates in a mixture of hydrofluoric and 
nitric acid (HF-HNO3) with defined components [5].

At present, we are aware of a number of more advanced 
methods to obtain the layers of porous silicon (PS) [6], al-
though widely used is the electrochemical method only, or 
anodizing under direct current in electrolytes based on HF, 
and the chemical method or coloring etching in HF-HNO3- 
electrolytes.

Among many benefits, the electrochemical method has 
several significant disadvantages. Among them is the need 
to create quality wire contact on the backside of each of the 
samples and the appropriate equipment to create a finished 
electrode system, in which direct current source is always 
present as a component [7]. This contact on the backside of 
a silicon wafer does not subsequently fit the technological 
process of creation of silicon solar cells, that is, it requires 
additional operations to prepare the backside (back contact) 
of a plate for the resulting product. Large areas of surfaces 
of SC substrates may require currents up to hundreds of 
amperes. Resolving such a task is a rather complicated tech-
nological problem. That is why there are certain constraints 
in the industrial application of electrochemical method for 
carrying out a complete technological cycle for manufactur-
ing electronic devices with PS.

The chemical etching in turn does not need a source 
of direct current and, hence, creation of any back contact. 
Underlying a chemical process of etching are the electro-
chemical reactions that occur on the surface of Si substrate 
and in the near-surface layer of electrolyte. Technological 
process of fabricating PS using this method is maximally 
simple and implies as the basis the immersion of samples into 
electrolyte, with the purpose of conducting the process of 
etching with subsequent removal of residual acids, washing 
and drying. Given these considerations, the chemical (col-
oring) etching is potentially a very promising technological 
direction to create porous structures [8, 9]. That is why this 
method can replace the electrochemical etching at certain 
stages of the production of electronic devices and devices for 
photovoltaic and optoelectronic use with PS [10].

A new, simple and reproducible method of etching termed 
“Ag-Assisted” – Method of Chemical Vapor-Phase Etching 
(Ag-ACVE) – is reported in this work. It proposes to expose 
Ag-treated silicon substrates to vapors that are released 
from HF/hot solution of H2O2. Surface treatment carried out 
using this method is aimed at improving optical and electri-
cal properties of conventional silicon solar cells [11]. 

Two methods of texturing using pyramids and PS have 
been applied to investigate their influence on the perfor-
mance of crystalline silicon (c-Si) solar cells [12].

Electrochemical etching is conducted to obtain PC based 
on crystalline silicon of the n-type with substrates (100) and 
(111). They used etching several times for 10, 20 and 30 min-
utes. Porous silicon layer was used as an anti-reflective coat-
ing for crystalline silicon solar cells. Optimal etching time 
equaled 20 minutes to obtain porous silicon layers based on 
crystalline silicon of the n-type with substrates (100) and 
(111). Nanopores with high porosity were made on a porous 
layer of silicon based on crystalline silicon of the n-type with 
substrates (100) and (111) with a mean diameter of 5.7 and 
5.8 nm, respectively [13].

Creation of a multifunctional device based on combining 
photoelectric conversion and sensitivity of toxic gases is 
reported in article [14]. In this device, the membranes on 
carbon nanotubes (CNT) are used to cover arrays of silicon 
nanowires (SiNW) to form a heterojunction. The porous 
structure and a large specific surface area in the structure 
of a heterojunction are two advantages for the adsorption 
of gases. Improving performance of the element is one of the 
main advantages when using a proper method of alloying by 
gas. The device can also work with an autonomous power of 
gas sensor without a solar cells.

A new hybrid structure for improving the efficiency of 
crystalline silicon solar cells is proposed in paper [15]. Cal-
culations demonstrated that the nanoporous silicon (np-Si) 
while filling in the polythiophenes inside the pores displays a 
significantly higher absorption coefficient compared to that 
without it. This makes the nanoporous silicon with pores 
that are filled with polythiophenes, a truly magic material 
that absorbs light.

The synthesis of nanohybrid materials from film-forming 
colloidal solutions is carried out by using a sol-gel transition 
or gel-formation. Sols are a dispersion of colloidal particles 
the size of 1–100 nanometers in a fluid. This process can 
also be used for hybrid structures of solar cells [16]. Gel-for-
mation is predetermined by the emergence in the volume of 
the liquid system of molecular grid or a frame of intercon-
nected polymeric chains of micron size and submicron pores. 
Gel-formation eliminates the system’s fluidity and renders 
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it some solid-state properties (strength, fragility, etc.). The 
term “gel” covers a variety of substances. The term “po-
lymerization” means binding of individual monomers, at 
which a polymer forms with the composition similar to the 
monomer. Note that during these processes the condensed 
monomer M(OH)4 creates a polymer with composition of 
(MO2)n. Commonly applied term “polymerization” is also 
used to describe the processes of film-formation from col-
loidal solutions.

It was established experimentally that the upper limit 
for the size of particles of silica sol did not exceed 5 nm. 
Beyond this limit, there occurs the process of gel-formation 
and silicasol is converted to silicagel [17]. Thus, a gel is a 
state of a substance that is intermediate between the solid 
and the liquid, the so-called fluid-like solid state. Silicagel 
is derived from the multitude of discrete colloidal particles 
or by forming an interconnected three-dimensional chain at 
simultaneous progress of hydrolysis and poly-condensation 
of organometallic film-formation.

3. Research goal and objectives

The goal of present study is to create efficient and profit-
able organic multitextures for the frontal surface of a hybrid 
structure of solar cells by the sol-gel method on the macro- or 
mesoporous silicon.

To accomplish the goal, the following tasks have been set:
– to explore and develop a chemical process of receiving 

macro- and mesoporous texture on a silicon substrate for the 
frontal surface of a hybrid structure of solar cells;

 to develop, for the resulting macro- or mesoporous tex-
ture of a silicon substrate of the frontal surface of a hybrid 
structure of solar cells, an anti-reflective organic multilayer 
stack. For this purpose, by using a low-molecular polymer, 
which represents the spatially-crosslinked condensation 
structures of silicon-organic gel, to create xerogels of poly-
organosiloxanes;

– to explore the resulting multifunctional organic mul-
titexture-xerogel, created at the macro surface of silicon 
substrate by the method of mass spectrometry.

4. Study and development of a chemical process of 
receiving macro- and mesoporous texture on  

a silicon substrate

Electrolytes used for chemical etching are mainly made 
based on a mixture of HF-HNO3 acids in typical ratios [18]. 
Common chemical reagents are used as a basic etchant 
(49 % HF and 70–71 % HNO3); deionized water as a solvent. 
Acetic acid in electrolytes can also be used as a solvent and 
serve as auxiliary, that is, with water, and the main solvent – 
without water. The function of acetic acid (CH3COOH) is 
to reduce the concentration of reagents in the electrolyte and 
it does not take any participation in the chemical reaction 
with the surface of a silicone substrate. However, acetic acid 
provides a more even growth of PS on the surface due to the 
reduction in surface tension of the solution, which, in turn, 
improves wettability of the surface. In addition, acetic acid 
may play the role of a buffer reagent and it possesses a lower 
dielectric permeability than water. Similar characteristics 
are typical for ethanol, which, similar to acetic acid, is some-
times used in electrolytes with content of ~3 %.

The growth of PS using chemical method occurs mostly in 
specialized teflon reactors, with or without agitation, at differ-
ent types and power of illumination. Growth occurs on both 
sides simultaneously. Macroporous surfaces, formed in electro-
lytes based on HF-HNO3, are similar in physical appearance 
to the surfaces, which are made using traditional anodizing. 
Layers of PS are similar in physical appearance to the surfaces 
that are made in the electrolytes based on HF-HNO3, and 
by using electrochemical anodizing, which in turn indicates 
the similarity of the mechanisms of PS creation. PS may be 
obtained on substrates with arbitrary type of conductivity, 
degree of doping and areas of surfaces [19, 20].

In general, the process of etching the surface of Si con-
sists of two stages. At the first stage, the surface of Si/HNO3 
is oxidized by an oxidizing reagent. The next step is the oxide 
reduction of HF – by a complexing agent, with the subse-
quent creation of water-soluble form of the complex H2SiF6 
and water [21].

Mechanisms that describe the formation of layers of PS 
are based on the principles of chemical etching of a Si sur-
face [22]. Chemical etching should be regarded as a localized 
electrochemical process. That is, on the energetically favor-
able areas of the surface (places of physical and chemical 
irregularities), microscopic localized anodes and cathodes 
are formed with current flow between them, the electrolyte 
acts as the primary medium. There are two processes on the 
anode: this is the oxidation of Si and its further reduction, 
while on the cathode there occurs the restoration of oxidizer, 
as a result of which nitrous acid (HNO2) forms, which is a 
stronger oxidizer than HNO3.

Associated processes that occur on the micro anode and 
micro cathode areas of the surface during etching of a silicon 
surface in the mixture of acids HF-HNO3 can be described 
by general equation (1):

Si+HNO3+6HF=H2SiF6+HNO2+H2O+H2. (1)

It is implied that HNO3 is restored to nitrogen monoxide 
NO and, according to study into molar ratio of acids in a 
solution, we receive (2):

3Si+4HNO3+18HF=3H2SiF6+4NO+8H2O. (2)

The location of the micro anode and micro cathode areas, 
which are predominantly the dislocated formations and bound-
aries between grains, in the process of etching Si are not stable 
or fixed on the surface. There only happens certain alternating 
between the anode and cathode states in the local area.

Oxidizing ability of HNO3 is proportional to the concen-
tration of non-dissociated HNO3 in the solution. Cathode 
reaction by its nature is autocatalytic and waiting time 
(initialization time) of the onset of reaction actually causes 
self-catalytic growth of the required concentration of oxidiz-
ing reagent HNO2. Initializing time tL includes two stages: 
beginning of the process of etching by adsorbing of sufficient 
concentration of HNO2; initializing the process of selective 
etching by reducing the speed of the process of electrode 
switch. By comparing the times of initialization for silicon 
doped with phosphorus and boron, it was discovered that 
the time of incubation for the latter was significantly less. 
For p-Si, we observed a growth in the time of incubation in 
line with a decrease in the level of doping from tL~0.5 min 
for plates with conductivity ρ~0.001 Ohm·cm to tL ~9 min 
for plates with conductivity ρ~40 Ohm·cm. For n-Si, we 
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observed a direct dependence, that is, with increasing lev-
el of doping, there is an increase in the time of incubation 
from tL~8 min for plates with conductivity ρ~10 Ohm·cm to 
tL~10 min for plates with conductivity ρ~0.1 Ohm·cm. These 
results are in a good agreement with the basic principles of 
etching a Si surface. It should be noted that the samples of 
p-Si are almost not affected by illumination, while the n-Si 
samples display an increase in the time of incubation at UV 
illumination.

The reaction starts almost instantly in the concentra-
tions of nitric acid exceeding 40 %; in general, a shorter incu-
bation time is inherent for the solutions with a high content 
of HNO3. In this case, the impact of HF acid is negligible, 
except for the extreme value of its content in the solution of 
HF<5 %. Sufficiently intensive agitation helps reduce the 
incubation time by a decrease in the absorbing ability of 
limiting speeds of HNO2 compounds. However, on the other 
hand, conditions of agitation significantly enough affect 
the resulting thickness of the obtained surfaces. Following 
the onset of reaction, porous film grows quite quickly, but 
the growth in depth stops in several minutes. The resulting 
thickness of the growing surface is determined by balancing 
the speeds of etching of silicon in the top and bottom surface 
of the porous layer. Under conditions of the more intensive 
agitation, the rougher surface grows. The magnitude of the 
inactive layer of a silicon surface is reduced. This, in turn, 
increases the diffusion of reagents and reaction products 
between the volume of the solution and the surface of the 
substrate of Si. It should also be noted that different specific 
resistances of substrates are characterized by their resulting 
thickness of a porous surface [23].

The task of obtaining the desired size and depth of the 
textures is actually two subtasks (conditions), which must be 
solved simultaneously within a single technological process. 
Diameter of the pores may vary in a wide range of values 
2…25 µm (Fig. 1), with the depth of a pore limited by the 
so-called “wear and tear” of the material during etching. 
With a decrease in the thickness of silicon substrates, the 
formation of deep pores will have a negative impact on the 
mechanical properties of a SC substrate, increasing the cost 
of SC fabrication.

Fig.	1.	Image	of	the	macro	surface	of	texture	for		
SC	created	by	the	methods	of	chemical	etching	of		

silicon	multicrystalline	substrate

To prepare etchants, we used hydrofluoric acid with a 
concentration of 40 % and nitric acid with a concentration 

of 68 %, dimethylformamide, and distilled water. Studies 
have shown that the solutions of acids without introduction 
of additions are not sufficiently effective. Lack of additions 
leads to a situation when the surface shapes with low coeffi-
cient of reflection are not formed. Large values of the speeds 
of etching do not make it possible to receive pores of the 
specified size.

It was found that adding a small amount of sodium salt of 
nitrade acid leads to a significant inhibition of the processes 
of chemical interaction over first 30 s, and then to a rapid 
increase in the speed of etching. However, this process is also 
not enough efficient due to the low depth (to 10 µm) of the 
obtained pores. The depth of the pores can be increased by 
adding to the solution of surface activator, by reducing the 
interphase energy and improving the diffusion of compo-
nents to the surface of interphase boundary. The substances 
that improve surface activity by reducing the surface tension 
of the solution at the interphase boundary include organic 
substances. Such substances contain in their structure a po-
lar group and a nonpolar hydrocarbon radical (Fig. 2).

Fig.	2.	Dependence	of	the	mean	speed	of	etching	on	
	the	magnitude	of	surface	tension	of	additions	of	organic	
origin	(T=room,	t=90	s,	V=10	ml,	ms=0.2	g).	Electrolyte:	

HF(40	%):HNO3(68	%):H2O	(distil.)=10:5:1+NaNO2	(small	
amount).	Additions	of	organic	origin:	1	–	C6H6:0.4;		

2	–	C3H6O:0.4;	3	–	C2H5OH:0.4;	4	–	CH3CN:0.4;		
5	–	CH3OH:0.4;	6	–	CH3COOH:0.4;	7	–	C6H12:0.4;		

8	–	C3H8O3:0.4;	9	–	C2H6O2:0.4

Results of examining an impact of the value of surface 
tension of additions of organic origin (organic acids, ketones, 
alcohols) are shown in Fig. 2. It should be noted that at 
values of surface tension of 20...30 N/m, the mean speed of 
etching increases at first and then decreases. This is due to 
the presence of groups of CH3 in the structure of organic sub-
stances, which positively affect the speed of etching, whereas 
the groups of ОН– are, on the contrary, not desirable.

Fig. 2 shows experimental dependence of the speed of 
etching on dielectric permeability for etchants with differ-
ent groups of components of organic origin. The strongest 
interactions take place during occurrence of intermolecular 
hydrogen bonds and donor-acceptor complexes. In addition, 
the interaction of molecules of solvent with one another due 
to a dipole-dipole attraction leads to the fact that the solvent 
is not an absolutely homogeneous medium, and has a cer-
tain structure. Dimethylformamide DMFA ((СН3)2NСОН) 
actually belongs to the group of aprotic bipolar (dipole) sol-
vents with a high dipole moment and a rather high dielectric 
conductivity (ε=36.7), capable of forming strong donor-ac-
ceptor complexes.
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5. Synthesis of sol-gel technologies for  
multifunctional multitextures

We obtained organosilicon xerogels (represented by tech-
nological steps) (Fig. 3), porous polyorganosiloxanes that are 
released during hydrolysis and poly-condensation of three-func-
tional organosilicon compounds when conditions of the reac-
tion contribute to the creation of oversaturated solutions of 
polyorganosiloxanes. Such colloid-chemical systems form over 
time a spatially-crosslinked structure of silicon-organic gel. 

At the molecular level, formation of a gel from solutions 
containing metal alkoxides is accompanied by reactions of 
hydrolysis and poly-condensation.

When removing liquid from a gel during thermal treat-
ment under conditions of atmospheric pressure, or close to it, 
the gel shrinks and forms a monolith, named xerogel. During 
subsequent thermal treatment, porous gel turns to glass, ce-
ramics or a porous solid body. The primary structure of gel 
has a significant impact on the formation of its subsequent 
structure at drying. That is why xerogel partially preserves 
the structural properties of moist gel (that is, gel prior to 
drying), such as porosity, dimensions and distribution of 
pores, density of the matrix, as well as contains structural 
changes caused by drying. Subsequent processes of com-
paction and crystallization will depend on the chemical 
composition of xerogel, surface area, porosity and others. 
Thus, in the evolutionary chain of the system sol-gel-xerogel, 
properties of the next link depend on the previous one.

Sol-gel method makes it possible to receive the films 
of xerogels, applied by immersion or centrifugation. The 
method of centrifugation of film-forming solutions is very 
attractive, as it gives the possibility to create a relatively 
homogeneous film of thickness ~ 0.1 µm on a wafer of large 
enough diameter [16].

Doping components that must be present in the compo-
sition of gel are typically introduced at the stage of prepara-
tion of sol. Doping components are introduced in the form of 
nitrates or chlorides, which decompose when heated to vol-
atile components and oxides. It modifies the oxygen-cation 
frame of the film of xerogel. A distinctive feature of the films 
of xerogels compared with materials that are synthesized in 
other ways is their micro porosity, due to the globular nature 
of colloids and gels. For example, silica gel, dried at 70 °C, 
has a specific surface of ~640 m2/g.

For the Si substrates of SC, given the shape and size of 
these substrates, it is easier to use the process of centrifuga-
tion, which is an inherent dosing process for the fabrication 
of thin films on the planes that do not bend [17]. The sub-
strates used for this process are limited by smaller size and 
can be reliably maintained at very large rotation speeds, that 
is, 1000–4000 rpm. The entire process was divided into four 
stages: deposition, rotation onset, rotation end and evapora-
tion. The first three stages are sequential while the fourth 
one typically takes place over the entire process.

It is possible to create organosilicon xerogels, porous 
polyorganosiloxanes, in two ways:

1 – hydrolysis of organotriethoxylanes in organic medi-
um (3):

2 5C H OH HCl
2 5 3 2 3

2 5

RSi(OC H ) 3H O RSi(OH)

3C H OH.

++ → ↓ +
+

 
(3)

2 – in the interaction of water-alkali solution of sodium 
methyl siliconate and hydrochloric acid (4):

3 2 3CH Si(OH) ONa HCl RSi(OH) NaCl.+ → ↓ +  (4)

Fig.	3.	Stages	of	technological	process	of		
obtaining	porous	xerogel

We used unstable organosilanetrioles that immediately 
enter reactions of poly-condensation and polymerization to 
form three-dimensional polymers –polyorganosiloxanes.

Fig.	4.	Structure	of	polyorganosiloxane

Actually, condensation polymer-initiating mechanism 
of formation of polyorganosiloxanes can be represented by 
scheme (5):

2 2

2

H O H O
2 5 3 3

H O 1 2
3

RSi(OC H ) RSi(OH)

RSi(OH) [RSi(OH)] ,

+ −

−

→ →

→ → →
 

(5)

where 1 is the polymerization, 2 is the condensation. 
As a result of hydrolytic poly-condensation, cyclolinear 

and cyclobranched low molecular polymers form (Fig. 4). 
Over time, viscosity increases due to the aggregation of 

particles and, under certain conditions (for example, high 
critical concentration of the polymer), there occurs a spatial-
ly-crosslinked condensation structure of organosilicon gel. 

Obtained xerogels of polyorganosiloxanes represent sol-

id porous substances with general formula 3 n
2

(RSiO )  (where  
 
R can be 3 2 5 2 2 2R H,CH ,C H ,CH CH,ClCH ,SHCH= = ), with 

Three-functional organosilicon monomers 
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a very developed surface, which is an effective anti-reflec-
tive surface.

6. Examining a surface of the obtained organic stack, 
created at the macro surface of a silicon substrate using  

a mass spectrometer (SIMS)

We performed an analysis of elemental composition of 
the surface of a xerogel using the method of mass spectrom-
etry of secondary ions (Fig. 5) after technological process 
of creating organic stack, grown on a silicon macro surface. 

The effectiveness of interaction between optical radi-
ation and porous xerogel depends largely on the elemental 
composition of the surface. Of course, it is possible to form 
radicals on the etched surface of silicon, such as, for example, 
(SiH+), (SiH2

+), etc. However, such radicals affect slightly the 
efficiency of energy absorption of electromagnetic radiation. 
The spectrum of their absorption is selective and is in the 
infrared range and thus it is incomparable to the absorption 
spectrum of silicon itself.

By analyzing mass-spectral characteristics, it is possible 
to determine that the etched surface of porous xerogel con-
tains a large number of ions ( 2H+) and ( 3CH+), which saturate 
the broken bonds of silicon. The question arises naturally on 
how these complexes will affect the subsequent stages of tex-
turing the surface or its hydrogenation. As far as texturing 
is concerned, there are no limitations here because this stage 
involves a hydrofluoric acid. Aggressive fluoride can replace 
complexes ( 3CH+) and provide subsequent effective etching.

Probably, as a result of substituting, there is a somewhat 
inhibition in the etching process in the places of accumula-
tion of ions ( 3CH+). Thus, it is possible to substantiate the 
use of organic addition ((СН3)2NCОН) as an inhibitor of the 
etching reaction. Chemical etching and the process of hy-
drogenation are conducted in a single technological cycle in 
order to achieve the passivation of surface by both this ( 2H+)  
and other ( 3CH+) complexes.

7. Discussion of results of research into creation of SC 
with a multifunctional multitexture

Underlying a technological process of the formation 
of hybrid structures for SC is the technology of isotropic 
chemical etching of silicon macro textures [24]. It is impos-
sible to form the shapes of surface with a low coefficient of 
reflection without the introduction of organic additions. The 
depth of pores can be increased by adding to the solution 

of surface activator. The substances that improve surface 
activity include organic substances. In the experiments 
we used various organic additions (organic acids, ketones, 
alcohols), which made it possible to receive macro textures 
with geometrical dimensions of pores within 5...25 µm. It is 
possible to consider a porous surface (of half-ellipsoid shape) 
of a silicon substrate with a diameter of cell 25 µm (Fig. 1) 
as optimal from the point of view of practical obtaining and 
application. Among the organic additions, only dimethylfor-
mamide (DMFA) performed better.

The presence of DMFA ((СН3)2NСОН) in the 
etchant in the formation of texture on a silicon 
surface and the mechanism of its impact is quite 
specific. In the solution of etchant with addition of 
((СН3)2NСОН) there may occur intermolecular in-
teractions of different intensity, both between mol-
ecules of the dissolved substances and the solvent 
and between molecules of the solvent itself.

We managed to experimentally determine the 
optimal conditions for obtaining macro porous sur-
face texture of silicon substrates (the composition of 
etchant, duration of the process, subsequent techno-
logical operation to form a developed p-n transition, 
etc.). Formed by the chemical methods of treatment, 
the surface of a silicon substrate of PEC provides for 
achieving several significant advantages. The main 
advantage is the availability of relief (morphology) 

that enables carrying out of the subsequent technological 
phases (fabrication of organic multilayer stack using sol-gel 
technology). Taken together, this can form on the surface of 
a silicon substrate a high quality optical system to capture 
luminous flux.

The process of gel-formation is provided by the organic sub-
stances that are released at hydrolysis and poly-condensation 
of three-functional organosilicon compounds when conditions 
of the reaction contribute to the creation of the oversaturat-
ed solutions of polyorganosiloxanes. Such colloid-chemical 
systems form over time a spatially-crosslinked structure of 
organosilicon gel. Time and temperature of thermal treatment 
is important under conditions of atmospheric pressure, or close 
to it. In this case, liquid is removed from the gel and a monolith 
forms, which during subsequent thermal treatment is trans-
formed into glass, ceramics or a porous solid body.

The benefits and features of the formation of thin films 
using sol-gel method include:

– possibility to obtain homogeneous film of thick-
ness ≈0.1 µm, doped with different elements, distributed 
homogeneously at the molecular level in sol, gel and xerogel;

– low cost of the method, which does not require vacu-
um, accelerating electric field, high temperatures of treat-
ment and considerable time costs;

– possibility of obtaining nano- or micro porous film 
structures.

Interpretation of results obtained in the course of exam-
ining the properties of organic stack, created at macro sur-
face of a silicon substrate using mass spectrometer (SIMS), 
unambiguously indicates that in the process of synthesis 
of porous xerogel there occurs the introduction of atomic 
hydrogen to its structure and the passivation of broken sil-
icon bonds. This is confirmed by experiments on secondary 
ions under static mode using the mass spectrometer. The 
mass-spectrum (Fig. 5) shows steady intensity (number of 
pulses obtained) of secondary ions ( 2H+) and ( 3CH+) of the 
surface of xerogel of a multicrystalline substrate.

 Fig.	5.	Mass	spectrum	of	the	surface	of	porous	xerogel	of	
multicrystalline	substrates	of	silicon,	which	is	produced	under	static	
mode	on	the	mass	spectrometer	TOF5	SIMS.	Mass	(u)	is	the	mass	

number.	Intensity	(counts)	is	the	intensity	(number	of	pulses	obtained)
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