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In present work, Mo films were deposited on corning glass substrates using DC-Magnetron sputtering.
Influence of DC sputtering power on electrical, structural, morphological, optical and topological properties
has been investigated by using Hall effect, X-ray diffraction (XRD), field emission scanning electron mi-
croscopy (FE-SEM), UV-Visible spectroscopy, non-contact-atomic force microscopy (NC-AFM) etc. It is ob-
served that electrical resistivity and adhesion of Mo thin film were strongly affected by DC power. The syn-
thesized Mo films were of few micrometer thicknesses (~0.9-1.6 um) with deposition rate in the range of
32-57 nm/min. Cross-hatch cut and Scotch tape adhesion test showed that all Mo films have good adhesion
to the substrate. XRD analysis showed that as-deposited Mo films have preferred orientation in (110) di-
rection and with enhancement in its crystallinity and average grain size with an increase in the DC sput-
tering power. Furthermore, XRD analysis showed that the Mo films deposited at DC sputtering power
<300 W exhibit tensile strain, while deposited at DC sputtering power > 350 W — exhibit compressive
strain. FE-SEM analysis showed that all Mo films are dense, homogeneous and free of flaws and cracks. In
the visible range of the spectrum, an increase in an average reflection of Mo films with DC sputtering pow-
er was observed by UV-Visible spectroscopy analysis. NC-AFM characterization revealed that the surface
roughness of the films increases with an increase in the DC sputtering power. Hall effect measurements
showed that the electrical resistivity of Mo films decreases while charge carrier mobility show increasing
trend with increase in DC sputtering power. The obtained results suggest that as-synthesized Mo thin
films with DC power < 300 W have potential application as a back contact material for chalcopyrite com-

pounds based on solar cells due to good adhesion and low electrical resistivity.
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1. INTRODUCTION

As on today, silicon (Si) based technology has the li-
on’s share in solar cell production. However, Si solar
cells and semiconductor technology requires the use of
clean room and high thermal treatment during the fab-
rication. Several efforts have been made to reduce the
expensive raw material consumption in cell production
and to enhance the efficiency of the solar cells. Howev-
er, the use of expensive raw material and clean process
along with high temperature thermal treatment makes
it high production cost which leads to the limitation in
application of Si solar cells. Now a day, thin film photo-
voltaic’s become extremely essential technology due to
use of inexpensive raw material and no requirement of
high temperature thermal treatment. Among the vari-
ous solar cells technologies, dye-sensitized solar cell
(DSSC)[1] and chalcopyrite compounds based technolo-
gies are considered as the alternative choice for the
conventional Si technology due to the advantages of low
cost and ease of fabrication from stable and earth’s
abundant materials. In comparison with Si cells, the
DSSC has the ability to absorb more radiation per area.
The flexible cells can be realized for various applica-
tions that are not applicable in rigid Si cells. The chal-
copyrite compounds solar cells such as CIS, and CIGS
are the most promising materials as absorbing layers
for thin-film solar cells due to their high optical absorp-
tion of solar spectrum, feasibility of band gap engineer-
ing, low material cost, excellent long term stability,
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high radiation resistance, large-area production and
great potential for developing high-efficiency flexible
solar cells [2, 3]. These solar cells have achieved re-
markable high power conversion efficiencies ~ 20 % [4]
In spite of the high efficiency, the elements used such
as In and Ga are rare and expensive. Recently, a novel
material CZTS has been explored in place of CIGS in
research field. The CZTS is the promising candidate
material because of low cost, earth abundant, non-toxic
elements and optimal band gap ~ 1.4-1.5 ¢V with high
absorption coefficient 104 cm~1 [5].

In DSSC and CZTS thin film solar cells, metal back
contact plays crucial role to collect charge carriers. It
collects the charge carriers from the absorber layer and
transports them to the external load [6]. The pre-
requisite properties for the metallic materials as the
back contacts include [7]; i) Good adhesion to the sub-
strate, 1i) High conductivity or low resistivity, iil) Must
form an Ohmic contact with the CIGS absorbers or
back of a DSSC, iv) Thermal expansion coefficients
should matched with the substrate, v) Should serve as
a proper transport for charge carriers, vi) Must be
chemical inert and, vii) Should be stable during the
deposition processes. Many research groups have stud-
ied the metal back contact for solar cells. These include
Molybdenum (Mo), Platinum (Pt), Gold (Au),Copper
(Cu), Silver (Ag) [8], Tungsten (W), Tantalum (Ta), Ni-
obium (Nb), Vanadium (V), Cromium (Cr), Titanium
(Ti), Magnesium (Mn)[9], etc. Each metal back contact

© 2019 Sumy State University


http://jnep.sumdu.edu.ua/index.php?lang=en
http://jnep.sumdu.edu.ua/index.php?lang=uk
http://sumdu.edu.ua/
https://doi.org/10.21272/jnep.11(1).01022
mailto:sandesh@physics.unipune.ac.in

HARIBHAU BORATE, SUBHAS PANDHARKAR ET AL.

layer showed advantages and limitations when used in
CZTS solar cells. For example Orgassa et al. [9] showed
that metals such as Ti, V, Cr and Mn might react with
Se during the deposition of CIGS films. Metals like Au
as well as Pt show significant diffusion into the CIS
films when annealed at elevated temperatures [10]. In
addition, some metals such as Pt, Au and Mo could
form moderately low resistance contacts with CIS films
[10]. It has been reported that only Mo can form suita-
ble ohmic contacts for chalcopyrite compounds based
solar cells [11] due to its encouraging properties such as
chemical inertness, high conductivity, low recombina-
tion rate for minority carriers, barrier layer to impair
the diffusion of impurities into the absorption layer,
relative stability at the processing temperature and
resistance to alloying with Cu, Zn and Sn [8]. Moreover,
Mo allows the ohmic contact with CZTS/Se which leads
to the formation of an interfacial layer MoSe2 in be-
tween absorber layer and Mo back contact thereby im-
proving the solar cell performance [12]. The formation
of the MoSe: layer depends not only upon selenization
conditions but also on the deposition parameters of the
Mo thin films [13, 14].

There are some reports which indicated that Mo
films prepared at high working gas pressures are under
tensile stress, they have high resistivity with good ad-
hesion, while those prepared at low working gas pres-
sure are under compressive stress and have low resis-
tivity but poor adhesion [11]. Martinez and Guillen [11]
reported that RF-sputtered Mo films have comparable
electrical properties and to obtain densely packed
structure and to have minimum stresses, it is necessary
to have low RF-power densities. Gordillo et al. [8] re-
ported that low argon partial pressure and high DC
sputtering power is necessary to obtain low resistivity
Mo films. These experimental results showed that the
preparative techniques and the processing conditions
have a strong influence on the microstructures and
physical properties of the Mo thin films. With this mo-
tivation an attempt has been made in the present study
to investigate the influence of DC sputtering power on
the adhesion, structural, optical, morphology and elec-
trical of Mo thin films. We found that these properties
critically depend on applied DC sputtering power.

2. EXPERIMENTAL
2.1 Film Preparation

Molybdenum (Mo) thin films were deposited on
cleaned corning # 7059) substrate (2 cmx5 cm) by using
commercial planar DC magnetron sputtering unit
(Model: 12" MSPT, Hind High Vacuum) using a target
of 3 inch diameter (99.99 %, Vin Karola Instrument,
USA). Substrates were initially cleaned using soap and
piranha solution and then by double distilled water
with ultrasonic bath for 30 min. The substrates were
dried by blowing with hot air. Immediately after dry-
ing, the substrates were introduced into the vacuum
chamber and subsequently deposition was performed at
various DC powers. Prior to deposition, the vacuum
chamber was evacuated to a base pressure of
2-10-5 mbar using rotary and diffusion pump. The tar-
get-to-substrate distance was maintained at 90 mm and
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the deposition was carried out for 30 min. All Mo films
were grown at a constant substrate temperature of
400 °C with a water cooled target. During the deposi-
tion, pure argon (99.99 %) was introduced in vacuum
chamber to maintain a pressure. A series of Mo thin
films were sputtered under different DC powers from
200 W to 350 W by keeping all other parameters con-
stant. All deposition parameters are listed in the Ta-
ble 1.

2.2 Film Characterization

The structure and crystallinity of Mo thin films
were investigated by using a X-ray diffractometer
(Bruker D8 Advance, Germany) equipped with CuK,
line (1=1.54 A). The surface morphology of Mo thin
films was analyzed by using field emission scanning
electron microscope (FE-SEM) (Hitachi, S-4800, Japan)
with the operating voltage of 15 kV. The thickness of
Mo thin films was estimated by using cross sectional
SEM (JEOL JSM-6360A) with operating voltage of
20 kV. The surface topographical investigation was
carried out by using non-contact atomic force microsco-
py (NC-AFM) (JEOL, JSPM-5200). The reflection spec-
tra were measured by using UV-Visible spectrophotom-
eter (JASCO, V-670) in the range 400-800 nm. The
electrical resistivity of Mo films was calculated by using
Ecopia Hall Effect measurement (HMS-3000) set up.
Thickness of films was determined by surface profiler
(KLA Tencor, P-16+) and also confirmed by FE-SEM
analysis.

Table 1 — Deposition parameters used to synthesize Mo thin
films by using DC-Magnetron sputtering

Process Parameter Value Unit
Working gas pressure 0.2 mbar
Target-to-substrate distance 9 cm
Deposition power 200-350 Watt
Substrate temperature 400 °C
Base pressure 2-10-5 mbar
Deposition time 30 min

3. RESULTS AND DISCUSSION
3.1 Adhesion Test of Mo Thin Films

The adhesion test property of Mo thin films to the
corning glass substrate was investigated by Cross-
hatch cut and Scotch tape test. A slight decrease in
adhesion of Mo thin films to the corning glass substrate
has been observed when DC sputtering power increased
from 200 W to 350 W. The degradation of the adhesion
property of Mo thin films with increasing DC sputter-
ing power can be attributed to increase in deposition
rate of Mo on the substrate (discussed later). Due to
high deposition rate the ad-atom does not get enough
time to strongly adhere to the substrate. These results
are consistent with previously reported results [15].
Wang et al. [16] and Yoon et al. [17] reported the effect
of the residual stress on the adhesion of the thin film.
They reported the relationship between the residual
stress and the working pressure for the sputtered thin
films. The residual stress changes from the compressive
stress to the tensile stress with the increasing working
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pressure. The excessive compressive or the tensile
stress can result in the poor adhesion between the Mo
film and the substrate.

3.2 Variation of Deposition Rate

Films were deposited for a desired time period (30
min) and deposition rate is then calculated from thick-
ness measurement. The variation of deposition rate as
a function of DC sputtering power is shown in Fig. 1.
As seen from the figure, the deposition rate linearly
increases with increasing DC sputtering power. It in-
creases from 32 nm/min to 57 nm/min when DC sput-
tering power increased from 200 W to 350 W. The inset
table shows thickness of Mo films and applied DC sput-
tering power.
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Fig. 1 - Variation of deposition rate of Mo films as a function
of DC sputtering power. The inset table shows the thickness of
Mo thin films and applied DC sputtering power

The increase in deposition rate can be attributed to
increase in density of sputtered Mo atoms with increase
in DC sputtering power. With increase in DC sputter-
ing power the kinetic energy of Ar+ ions impinging on
Mo target increases which results ejection of large
number of Mo atoms from the target. Consequently, the
deposition rate increases with increase in DC sputter-
ing power. Increase in deposition rate with increase in
DC sputtering power for Mo thin films deposited by
DC-Magnetron sputtering has been reported previously
by Khan and Islam [18].

3.3 X-ray Diffraction Analysis

The structural investigation such as crystal struc-
ture, preferred orientation of crystal, grain size and
strain of Mo thin films were investigated from x-ray
diffraction (XRD) analysis. Fig. 2 shows X-ray diffrac-
tion pattern of Mo thin films deposited on glass sub-
strate at different DC sputtering power. The structural
investigation such as crystal structure, preferential
orientation of crystal, grain size and strain of Mo thin
films were investigated from XRD analysis. All XRD
patterns were obtained at a grazing angle of 10 and at
step size of 0.5 s. The crystallites of Mo thin films have
the cubic crystal structure (JCPDS card # 00-042-1120)
with preferential orientation along (110) direction. At
higher deposition power 350 W, (200) and (211) planes
was observed with very small intensity compared to
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(110) diffraction plane. With increase in DC sputtering
power the line-width (Full width at half maximum,
FWHM) of diffraction plane (110) decreases and, its
sharpness and intensity increases implying increase in
its average grain size (dxray) and the crystallanity. The
grain size was estimated by using Debye-Scherer’s for-
mula [19],
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Fig. 2 — Low angle XRD patterns of Mo films deposited at
different DC sputtering powers

It is observed that with increase in DC sputtering
power the average grain size increases (see Table 2).
Furthermore, with increase in DC sputtering power the
diffraction peak (110) slightly shifts towards higher
diffraction angle. The shifting of peak to higher diffrac-
tion angle can be attributed to strain in the films [20].
The intrinsic strain (%) in the Mo film was calculated
from the (110) diffraction peak by using following equa-
tion [14]:

Strain (%) = ? 1100, ©)

where ao and a represent the reference lattice constant
(0.3147 nm, JCPDS card # 42-1120) and lattice con-
stant of the Mo films obtained from the XRD measure-
ments, respectively. The estimated values of the lattice
constants and the strain in the DC-Magnetron sput-
tered Mo films are listed in Table 2.

As seen from Table 2, the Mo films deposited at DC
sputtering power > 300 W exhibit tensile strain and its
value decreases with increase in DC sputtering power,
while the Mo film deposited at DC sputtering power of
350 W and more exhibit compressive strain. The origin
of the strain in the sputtered Mo films may be related
to several factors, including voids, oxygen or argon im-
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Table 2 - XRD analysis of Mo films deposited using DC-  purities, and crystallographic flaws [16]. The high strain
magnetron sputtering

on Mo films may cause adhesion problems and com-

promise its long term reliability. It is worth mentioning
here that Mo films deposited at high DC power (400 W)

shows poor adhesion and they can be easily wiped out

even by rubbing tissue paper on the substrate.

DC Power, | Grain Lattice con- | Strain,
w size, nm stant, nm %
200 11.1 0.3155 0.25
250 13.0 0.3152 0.15
300 14.1 0.3149 0.06
350 14.3 0.3143 —-0.12

b1) 200 W

b2) 250 W

b3) 300 W

mg’ ¥ |
:

¥

Fig. 3 - FE-SEM micrographs of Mo thin films deposited at different DC sputtering powers al-a4) Surface morphology and b1-b4)
Cross-section view of FE-SEM micrographs
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3.4 FE-SEM Analysis

The surface morphology of sputtered Mo thin films
deposited at different DC sputtering powers has been
investigated by using scanning Fourier transform elec-
tron microscopy (FE-SEM). Figure 3(al)-(a4) shows FE-
SEM micrographs of Mo thin films deposited at high
DC sputtering power.

As seen except the Mo film deposited at DC sputter-
ing power of 350 W, all films are dense, homogeneous
and free of flaws and cracks. The FE-SEM images
clearly show tiny irregular prismatic shape like mor-
phology with increasing particles of size. The Mo film
deposited at DC sputtering power of 350 W shows some
cracks and fractures. Appearance of cracks and frac-
tures are due to compressive strain in the film. Low
angle XRD analysis further supports this. Figure 3(b1)-
(b4) shows cross-section of FE-SEM micrographs of Mo
thin films deposited at high DC sputtering power used
for the thickness measurements. Thickness measurement
done by cross-section micrographs is well matched with
thickness measured by KLA Tencor, P-16+ profilometer.

3.5 Atomic Force Microscopy (AFM) Analysis

The surface topography of DC-Magnetron sputtered
Mo thin film was studied by non-contact atomic force
microscopy (NC-AFM). The surface properties of sput-
tered Mo films are investigated by measuring root
mean square (RMS) roughness values. Fig. 4 represents
the 3-D AFM images of Mo thin films at deposited at
various DC sputtering powers.

It is observed that the surface roughness of the films
increases from 14.70 nm to 23.24 nm when DC sputtering
power increased from 200 W to 350 W.

3.6 UV-Visible Spectroscopy Analysis

The optical properties of back metal contact Mo thin
films play an important role in the efficiency of CZTS
and CIGS solar cells. In order to understand the optical
reflection properties of DC-Magnetron sputtered Mo
thin films, the reflectance of Mo films deposited at dif-
ferent DC sputtering power was recorded using a UV-
Visible spectrophotometer. The results are plotted in
Fig. 5 as a function of wavelength. As seen from the
figure, the average reflection of Mo thin films in the
visible range (400 to 800 nm) increases from ~ 16 to
~ 23 %, when the DC sputtering power increases from
200 W to 350 W.

The increase in reflection may be due to the in-
crease in average grain size and surface roughness with
increase in DC sputtering power. The increase in aver-
age grain size and surface roughness enhances optical
scattering. The XRD and NC-AFM analysis supports
this conjecture. It has been reported that the existence
of a thin oxide layer on the Mo surface plays an im-
portant role in the determination of the reflectance of
Mo back contacts [14]. Therefore, apart from the in-
crease in average grain size and surface roughness with
increase in DC sputtering power the presence of a thin
oxide layer of Mo (MoOx) on the Mo surface may also
affect the reflection. However, the study related to
presence of MoOx thin layer over the Mo surface is be-
yond the scope of the present work.
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Fig. 4 - 3-D AFM images of Mo thin films at deposited at var-
ious DC sputtering powers a) 200 W b) 250 W ¢) 300 W and d)
350 W
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Fig. 5 — VU-Visible reflectance spectra of Mo films deposited
at different DC sputtering powers

3.7 Electrical properties

The Mo back contact with low electrical resistivity
is essential to minimize the series resistance of solar
cell device. Hall Effect study is a powerful tool for
knowing the electronic properties of thin film samples.
Electrical resistivity, carrier mobility and carrier con-
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centration of Mo films was measured using Van der
Pauw method (Ecopia HMS-3000 Hall Measurement
System) at room temperature. For this, four contacts
were made by using indium wire at the four corners of
the film sample of dimension of 1 cmx1 cm. The gold
spring probes were placed at the corners of the sample
symmetrically. The films were subjected to uniform
magnetic field of 0.54 Tesla. A known current (1pA)
was passed through the electrodes of the films, and
voltage across the other two electrodes was measured.
Fig. 6 shows the variation of electrical resistivity, carri-
er mobility and carrier concentration conductivity of Mo
thin films deposited at different DC sputtering powers.
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Fig. 6 — Electrical properties of Mo films deposited at different
DC sputtering powers a) Electrical resistivity b) Charge carri-
er mobility and c¢) Charge carrier concentration

As seen from the figure, the electrical resistivity
gradually decreases from ~6.09-10-3Q-cm to
~3.55:10-3 Q-cm when the DC sputtering power in-
creased from 200 W to 350 W (Fig. 6(a)). The mobility of
charge carrier shows increasing trend with increasing
DC sputtering power. It increases from ~ 235 cm?/Vs to
~ 750 cm?2/Vs when the DC sputtering power increased
from 200 W to 350 W (Fig. 6(b)). However, the charge
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carrier density almost remains constant in the range of
~1018-1019 A/em? (Fig. 6(c)) over the entire range of DC
sputtering power studied. The decrease in electrical resis-
tivity with increase in DC sputtering power can attribute
to increasing grain size of Mo thin film with increase in
DC sputtering power. A larger grain size decreases the
scattering of charge carriers and grain boundary, which
enhances the carrier lifetime and, consequently, the de-
crease in electrical resistivity is observed [13].

4. CONCULSIONS

In conclusions, we analyzed the effect of the DC
sputtering power on structural, electrical, optical and
morphological properties of Mo thin films deposited by
DC-Magnetron sputtering method. Cross-hatch cut and
Scotch tape adhesion test showed that all Mo thin films
have good adhesion to glass substrate. The XRD analy-
sis showed that as-deposited Mo films have preferred
orientation in (110) direction and with increase in DC
sputtering power enhancement in its crystallinity and
average grain size were observed. Furthermore, XRD
analysis showed that the Mo films deposited at DC
sputtering power < 300 W exhibit tensile strain and its
value decreases with increase in DC sputtering power,
while the Mo film deposited at DC sputtering power
> 350 W exhibit compressive strain. Surface morpholo-
gy investigated using FE-SEM showed that except DC
sputtering power of 350 W, all Mo films are dense, ho-
mogeneous and free of flaws and cracks. Non-contact
atomic force microscopy (NC-AFM) revealed that the
surface roughness of the films increases from 14.70 nm
to 23.24 nm when DC sputtering power increased from
200 W to 350 W. The UV-Visible spectroscopy analysis
showed that an average reflection of Mo films in the
range of ~ 16-23 % in the visible range of the spectrum.
The electrical properties carried out using Hall Effect
measurements showed that resistivity of Mo films de-
creases with increase in DC sputtering power whereas
charge carrier mobility shows increasing trend. On the
other hand, the charge carrier density remains almost
constant (~ 1018-10'° A/cm?3) over the entire range of DC
sputtering power studied. The obtained results suggest
that as-synthesized Mo thin films with DC power
<300 W have potential application as a back contact
material for CZTS thin film solar cells due to good ad-
hesion and low electrical resistivity.
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MarHeTpoHHE PO3NUJIEHHSA [IPH IIOCTIHHOMY TOLi 3BOPOTHOTrO KOHTAKTy MO
JJIA TOHKOILIIBKOBUX COHSAYHUX €JIEMEHTIB 3 XaJIbKOMipUTy
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B mamiit pobori, riskr Mo ocampryBaivcss Ha MIOKJIATKAX 13 CKJIA 3 BUKOPHUCTAHHSIM MAaTHETPOHHOI'O
POSIMJIEHHS IIPH IIOCTIAHOMY cTpyMi. JIOCTIIKeHO BILINB IIOTYJKHOCTI PO3IHJICHHS HA eJeKTPUYHI, CTPYK-
TypHi, MOPOJIOTIUHI, OIITUYHI Ta TOIIOJIOTIYHI BJIACTHBOCTI 34 IOIOMOroi0 edexTy XoJIa, peHTTeHIBChKOI
U PAaKIIii, aBTOEJIEKTPOHHOI CKAHy040i MIiKPOCKOIIii, criekTpockomii B Y@ Ta Buammol 001acTaX, HEKOHTAK-
THOI aTOMHO-CHUJIOBOI MIKPOCKOIIi1, TOII0. BUsiBII€HO, 110 MOTYKHICTD MOCTIMHOTO CTPYMY CYTTEBO BILIMBAE HA
eJIeKTPUYHMH omip 1 aaresio ToHKOI mwiiBku Mo. CuHTesoBaHl mniBkyr Mo Majau TOBIIMHY AEKIJIBKOX MIKPO-
MeTpiB (~ 0.9-1.6 MKEM) 31 IIBAIKICTIO OCAIMKEHHA B AianasoHi 32-57 Hm/xB. BunpobyBasHs mokasasiu, o Bel
wriBkx Mo MaioTh rapHy aaresiio 10 MiTKJIagKH. PeHTreHo-AudpakIiiiHuil aHAII3 I0KA3aB, 110 CBIKOCKOH-
JercoBaHil WIiBKU Mo MaioTh mepeBakHy opierTarrio (110) 1 mosrinmeHHs i KPUCTAIIYHOCTI Ta CepeIHbOro
po3Mipy 3epHa 31 30LIBIIEHHAM ITOTYKHOCTI PO3IMHJIEHHS IPH MMOCTIHHOMY cTpymi. Kpim Toro, peHTremo-
IUPAKIIHHUN aHaN3 MOKa3aB, Mo Bk Mo, HaHeceH] pu MOTyHOCTI posmmreHus < 300 Br, memown-
CTPYIOTH JIeDOPMAITII0 PO3TATYBAHHS, B TOM Yac K HAHECEHI IIPH MOTYKHOCTI podmuieHHa > 350 Br memon-
CTPYIOTH AeOpMAaIliio CTUCKY. Pe3y/IbTaTu aBTOEJIEKTPOHHOI CKAHY040l MIKPOCKOIIT ITOKA3aJIH, 10 BCl ILIi-
BKx Mo IIiibHI, OMHOPIAHI 1 BUIBHI Big AedekTis 1 TpimuH. [Ipn crieKTpockomiyHoMy aHAaIi31l cocTe piragocs
301IIBIIIEHHST CepeqHBOr0 KoedirieHTy BinouTTs maiBok Mo 3 IOTY KHICTIO PO3MMJIEHHS CIIOCTEPIrasocs: y BU-
JIMOMY JTiaIta30Hi crekTpa. HeKoHTakTHA aTOMHO-CHJIOBA MIKPOCKOIILS ITOKAa3aJia, 10 MIOPCTKICTh TOBEPXHI
IUTIBOK 301/IBIILYyEThCS 31 30LIBIIEHHSM IIOTY:KHOCTI PO3MHUJIEHHsSI IIPY IIOCTifiHOMY cTpymi. BumipioBanHS
edexry XoJa moKa3asIo, M0 eJeKTPUYHUM ommip IIiBok Mo 3MeHIITyeThCsI, a PyXJIUBIiCTD HOCIIB 3apsiy 301-
JIBIILYETHCS 3 POCTOM IOTY?KHOCT1 PO3MUJIEHHS IIPX IOoCTifHOMY cTpyMi. OTpuMaH] pe3ysIbTaTd CBLAYATE IIPO
Te, 10 CHHTE30BaH1 TOHKI TLTiBKHA Mo 3 MOTYsKHICTIO mocTiitHOro cTpyMy < 300 Bt matoTs mepcrexruBy 3acTo-
CYBaHHS SIK MaTepiajly 3BOPOTHOTO KOHTAKTY JJISI CIIOJIYK XAJIbKOIIIPUTIB HA OCHOBI COHYHUX €JIEMEeHTIB 3a-
BISKY XOPOIIIiH aaresii Ta HU3BKOMY €JIEKTPUYHOMY OTIOPY.

Kmrouori cimoa: Momi6nen, Omip, Posnuienss mpu mocTifiHoMy TOITi, ATOMHO CHJIOBA MIKPOCKOIisA, PeHT-

TreHIBChbKA AU PaKIfisi.
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