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3HIDKEHHSI YYTIMBOCTI pajiiomerpa. ABTopamu [3] 3amponoHOBaHO METOJMKY Ta

QITOPUTM  KOPEKIli TeMIepaTypHHX 3MIH €JIEMEHTIB CXeMH BHOIPKOBOIO

M1JCUIII0BAyYa, 1110 MOJIATa€E B HACTYITHOMY.

B cxemy BHOIpKOBOro MIACHIIIOBaYa BBEJEHO JIKEPENIO OIMOPHOIO CHUTHAIY,
€KBIBaJICHTHOTO BUX1JIHOMY CUTHAITy 32 MAaKCUMAaJIbHOI YyTIMBOCTI PajilOMeTpa.

B sAxocTi yacToTo3aNexKHUX €1eMEHTIB (PiibTpa BUOpaHi OMOpU KaHaTy BUTIK -
cTik monboBux TpauzuctopiB (I1T), a 3HAYCHHS OMOPY PETYIIOETHCSA TOJAYECI0 HA
3atBop IIT Bignosimnoi Hampyru. IloiapOBI TpaH3MCTOPHU YBIMKHEHI MOCIIOBHO 3
pe3ucTopamMu, SKi PEryjIiolTh IEHTPATbHY YacTOTy Ta OXOIUICHI 3BOPOTHUM
3B’ I3KOM.

HaJamTyBaHHS CXeMH IPOBOIMThCA 3a HopMaibHOi Temnepatypu 20° C. 3miHa
TeMIepaTypuB y TOW YW 1HIIMK OIK MPU3BOAUTH 10 3MIHM BHUXIJHOI HAmpyrH 1
NOPYIICHHS] PIBHOBAru B KOJII 3BOPOTHOTO 3B’S3Ky. BuineHe pi3HUIEBE 3HAUCHHS
HANpyrd MOJAETHhCS HA 3aTBOPU MOJHOBUX TPAH3UCTOPIB 1 MPOBOJIUTHCS KOPEKIIS
AUYX ¢dinpTpa Ta KoedilieHTa MiCUICHHS 10 BCTAHOBJICHHS BTpAuy€HO1 PIBHOBAru Ta
3a0e31eueHHs] He0OX1THOT YyTIIUBOCTI.

Knrouosi cnosa: monynsuiitHuii pagiomeTp, mryM, BUOIpKOBU IMiICHITIOBAY.
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Modern nano-technologies are a set of technological methods that allow the
creation of nano-objects and their control at the nanometer level. In recent years,
methods of producing nanostructures based on chemically pure silicon for use in
photonics, photovoltaic devices, energy storage devices, biophotonics, and biosensors
have been actively developed [1-5].

Modern wireless sensor networks consist of many sensor devices to collect and
transmit the data they collect. Various types of sensors (ultrasonic, gas, temperature,
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and motion), with difficult access to the power source, are equipped with batteries as
a wireless power source. However, these batteries have a limited life span and require
periodic replacement. Thus, batteries cannot be suitable for use in biomedical devices
[6], environmental or industrial monitoring [7-9], and the military sphere [10, 11].
Therefore use of environmental energy, as an alternative to an electrochemical
battery, with a limited lifetime, is preferable for such electronic devices. Micropower
energy harvesters can significantly extend battery life where battery replacement is
difficult or impossible.

Among various types of environmental energy, such as motion, vibration or
sound, thermal or wind, solar [12, 13] has great potential for energy harvesting due to
its abundance. It is a virtually inexhaustible source of energy with little or no negative
impact on the environment. Electricity is generated by converting solar radiation
(both indoors and outdoors) into direct current electricity using semiconductors that
exhibit a photovoltaic effect.

This paper presents an effective and inexpensive method of texturing the silicon
surface to obtain nanostructured silicon layers with different morphology and
distribution of chemical elements on the surface of the substrate.

The presented method, of forming nanostructured silicon films by chemical
etching, demonstrated good reproducibility of the results. This was confirmed by
repeated experiments and the high homogeneity of the formed nanostructured silicon
films. Single-crystal silicon wafers for the production of solar cells were the subject
of experiments. The plates were boron-doped and had P-type conduction. The
substrates had a resistivity of 1 Ohm / cm®, (100) crystallographic orientation, and a
thickness of 350 um. It should be noted that the most homogeneous samples are with
a thickness from 10 to 35 nm.

The best anti-reflective characteristics have samples of nanostructured silicon
with a thickness of 35 nm, characterized by bright intense photoluminescence and
high homogeneity of properties over the sample area. During the formation of
nanostructured silicon on monocrystalline silicon substrates, the structural properties
change, and new silicon compounds with a high content of hydrogen and amorphous
silicon are formed on the surface. Such a complex structure causes the emergence of
new electrophysical, photoelectric and photoluminescent properties. The study of
current-voltage characteristics of nanostructured silicon was performed in the visible
range of the spectrum (Fig. 1, Fig. 2). It was found that the maximum
photosensitivity in the visible range of the spectrum is characteristic of
nanostructured silicon films with a thickness of 10-15 nm, and it decreased with the
increasing magnitude of the latter.

The structures of monocrystalline p-type silicon - nanostructured silicon -
aluminium, created based on the obtained films of nanostructured silicon, showed a
photoelectric effect. Among the tested layouts, the best results were obtained for a
structure with a nanostructured silicon film thickness of 35 nm and the parameters
shown in Fig. 3.
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nanostructured silicon

singl crystal silicon

Fig. 1. Schematic representation of the structure single-crystal silicon p-type — nanostructured
silicon — indium
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Fig. 2. Light and dark current-voltage characteristics of the nanostructured silicon film

V+
o

Light \
.
\\

p>

nanostructured silicon

single - crystal silicon

5 mm

10 mm

Fig. 3. Schematic representation of the device for harvesting photovoltaic energy of indoor
illumination (electric and/or solar) (photocell area - 0.5 sz)

The resulting photocell had an area of 0.5 cm2. In this case, the resulting
structures show a photoelectric effect (0.2 V, 90 pA under load) under indoor
illumination (electric and/or solar). The resulting mini power converters based on a
nanostructured silicon film can be combined in panels to obtain the required voltage
or current. Created mini power converters, based on a nanostructured silicon film,
and their panels, can be integrated into electronic circuits and ready-made chips for
various purposes with low power consumption. The latter opens up the possibility of
using nanostructured silicon in photonics, photoelectric devices, biophotonics, and
biosensorics.
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characteristics.
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Many technological processes of ore flotation, oil and gas production, well
drilling, as well as in the production of man-made fibers, rubber, plastics, in the pulp
and paper and other industries use solutions of surfactants. For the purpose of optimal
carrying out of such processes constant or periodic monitoring of surface tension
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