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THE EFFECT OF PLASMA SURFACE
TREATMENT ON THE STRUCTURE
OF THE LEAD SULFIDE FILM

Abstract

In this work, the effect of the substrate surface on the formation of structured lead sulfide films is studied. For
this purpose, the surface of single-crystalline silicon (100) was subjected to plasma treatment in a glow discharge in
an argon atmosphere, at a working pressure of 1 Pa and a potential difference across the electrodes of 2 kV. Lead
sulfide films were obtained on treated and untreated single-crystalline silicon surfaces by chemical deposition from
an aqueous solution of lead nitrate, thiourea and sodium hydroxide at a temperature of 70°C for 30 minutes. The
surface morphology, elemental composition, and crystal structure were studied by scanning electron microscopy,
energy dispersive analysis, and X-ray diffraction, respectively. As a result, the films deposited on pretreated
substrates have a distinctly different surface structure compared to films deposited on untreated substrates. Under
the same synthesis conditions, the growth of crystals on the treated surface occurred predominantly along certain
lines and were grouped into individual particles, while on the untreated surface a continuous film was formed. Thus,
through plasma treatment, crystal growth can be controlled to create nanostructures.

Key words: Lead sulfide films, plasma treatment, chemical bath deposition, morphology, elemental
composition, structure.

Introduction

PbS thin films are widely used in optoelectronics and sensors as materials for IR detectors,
optical switches, efficient solar radiation conversion devices, chemical sensors, temperature sensors,
photodetectors that operate in the infrared wavelength range and photoresistors, temperature-
sensitive sensors, detectors in the infrared range of the spectrum [1-6]. Lead sulfide, a narrow-band
semiconductor, which is the basic thermoelectric materials in the temperature range of 300-950 K
and this material is also a promising material in semiconductor optoelectronics for the creation of
injection lasers [7-10]. In this group, lead sulfide (PbS), which is a narrow-band semiconductor
(= 0.41 eV at room temperature), is widely used in many fields, such as Pb*" ion-selective sensors, in
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micro and optoelectronics, nanotechnology [11-12], in photometric switches [13]. Unlike all other
semiconductors, the temperature band gap coefficient in PbS is positive [14]. Of all the currently used
methods for producing PbS, the method of chemical precipitation from solutions is of the greatest
interest [15]. This method makes it possible to obtain thin films of metal chalcogenides, which
provides great opportunities for the synthesis of new compounds. The study of the properties of the
obtained films is the main task, since this is the main criterion of the material. Lead sulfide is one of
the most promising materials for use in the infrared field. Therefore, the synthesis of semiconductor
PbS films from aqueous solutions is of great interest [16—18].

Plasma treatment is a method of modifying the surface of a substrate that uses plasma to affect
the structure of vegetation on this substrate. Plasma is an ionized gas consisting of charged particles
(ions and electrons) [19]. Plasma treatment can affect the structure of lead sulfide in several ways,
for example, by changing the surface of the substrate, the morphology can be changed. Plasma can
change the shape and size of lead sulfide particles. This can lead to an increase in the surface area of
the material, which can improve its characteristics [20]. Plasma surface treatment can lead to defects
in the structure of lead sulfide. These defects can affect its electrical and optical properties [21-22].

Materials and methods

The substrate of monocrystalline silicon (100) was subjected to plasma treatment in a glow
discharge in an argon atmosphere for t = 5 minutes at a discharge voltage U = 2 kV and a current
strength equal to [ = 0.5 mA.

Thin films of lead sulfide were produced by precipitation from an aqueous solution in a chemical
bath on silicon substrates purified in alcohol. During the experiment, deionized water was used in
solutions. First: Pb (NO,), (lead nitrate) 25 ml 0.18 M (1.525 g), NaOH (sodium hydroxide) 75 ml
0.38 M (1.162 g), the solutions were mixed with a magnetic mixer for 120 minutes in a 150 ml glass.
CH,N,S (thiourea) 50 ml of 0.11 M (0.398 g) was added to this solution [23]. The formula for the
chemical reaction will be as follows:

Ph(NO,), + 2NaOH + CH,N,S —> H,0 + PbS + CH,N,0 + 2NaNO, 0

Then the silicon substrates cleaned by ultrasound were immersed in a glass in a vertical
direction. The temperature of the bath was maintained at 70°C. At the end, the resulting structures
were washed with deionized water. The substrate was placed in the solution for 30 minutes, resulting
in homogeneous thin films of gray color.

The morphology and elemental composition were studied by electron microscopy and energy
dispersive analysis using an FEI Quanta 2001 installation.

The structure of the resulting films was studied by X-ray diffraction (XRD) using a Rigaku
MiniFlex installation. The wavelength corresponds to the excitation of the copper atom on the line.
The scanning speed was deg/min, the angles varied in the range of 10° - 90°.

Main provision

It was revealed that preliminary plasma treatment of the substrate surface affects the growth of
PbS crystals, that is, it allows preserving the individuality of the particles.

Results and discussion

Figure 1 shows the images of a scanning electron microscope and the elemental composition
of the films obtained, 1 (a) — the morphology of the film obtained on the treated surface 1 (b) — the
morphology of the film obtained on the untreated surface. 1 (c) and 1 (d) are the corresponding
elemental composition of the obtained films
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Figure 1- (a) — morphology structure and (c) — energy-dispersion analysis
of PbS obtained on a treated substrate, (b) — morphology structure
and (d) — energy-dispersion analysis of PbS obtained on an untreated substrate

Using a scanning electron microscope (SEM), a sample of lead sulfide (PbS) was magnified
5000 times. The accelerating voltage of the electron beam was 15 kV, the beam current was 10 nA,
the working distance, i.e. the distance between the electron gun and the sample was 15.1 mm. From
the results obtained using a scanning electron microscope, it follows that the plasma-treated surface
promotes crystal growth while maintaining the individuality of the particles and mainly along certain
lines, while a continuous film is formed on the untreated surface. Figure 1(a) shows the results of a
scanning electron microscope (SEM) study of the morphology of lead sulfide (PbS) produced on a
plasma-treated surface. The purpose of the study was to study the effect of plasma treatment on the
structure and properties of PbS films. It was found that plasma treatment leads to a change in the
morphology of PbS films. On a plasma-treated substrate, the PbS film is more uniform and has a
smoother surface. The sizes of the resulting particles are approximately uniform and average 500 nm,
and also had the shape of cubic crystallites. This texture was found in all studied samples. The texture
and morphology of films grown on a silicon surface depends on the time and deposition rate, on the
pH level, temperature, but also, as it turns out, on the substrate surface. Preliminary plasma treatment
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of the substrate apparently leads to an uneven charge distribution on the silicon surface, associated
with the crystalline structure of the surface. This helps preserve the individuality of the particles.

To determine the elemental composition of PbS material samples, the energy dispersive
spectroscopy (EDS) method with an energy of 20 keV was used. The results of determining the
chemical composition and atomic content of the elements Pb and S in the film are presented in the
figure. 1(c) and 1(d). The figure clearly shows the presence of Pb and S peaks in the energy dispersive
spectroscopy of the samples. Energy dispersive analysis shows that the sample is composed of lead
(Pb) and sulfur (S). The Pb/S ratio is 1:1, which corresponds to the stoichiometric composition of
lead sulfide (PbS). Based on the data obtained, it can be concluded that the material under study is
lead sulfide (PbS). Peaks in the energy-dispersive spectrum correspond to the energy that is emitted
by atoms when electrons transition to lower energy levels.

When conducting energy dispersive analysis, it was found that as a result of plasma treatment,
the peak corresponding to lead sulfide (PbS) was lower than the peak of the silicon (Si) substrate.
At the same time, in the substrate untreated with plasma, the PbS peak was higher than the Si peak.
This corresponds to the fact that after treatment the silicon surface had a larger area. In addition, after
treatment, a decrease in the atomic fraction of lead by 1 at.% was revealed.
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Figure 2 — X-ray diffraction of the PbS film

From X-ray diffraction analysis, peaks corresponding to the plane indices (111), (200), (220),
(311), (222), (400), (331), (420), (422) and (511) were identified at angles 26 26.10°, 43.22°, 51.20°
and 53.62°, respectively. It follows from the diffract gram that the film has a face-centered cubic
structure and corresponds to the Fm-3m spatial group. The determination of the lattice parameters is
carried out by fulfilling the Bragg’s law [24].

2d,,,sin20 =mA 2

Where, d,,, — interplant distance, 6 — sliding angle, that is, the angle between the reflecting
plane and the incident beam, A — the wavelength of the X-ray radiation (A(Cu,,) = 1,5418 4 )and
m — the order of reflection and has a positive integer, for cubic symmetry is determined by:

a

—_ 3
N+ R+ ®)
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Where, a — the lattice constant, /,k,! — plane indexes. The lattice constant was calculated, and
it is 5.93 A. The results of X-ray diffraction analysis correspond to world literature data.

Conclusion

In this study, the morphology and elemental composition of PbS films obtained on surfaces
pretreated and untreated by plasma were studied using scanning electron microscope (SEM) and
energy dispersive spectroscopy. Preliminary plasma treatment of the substrate surface leads to a
change in the morphology of PbS films. The PbS film obtained on the treated substrate is more
uniform in size and has an average size of 500 nm, as well as a shape in the form of cubic crystallites.
Thus, we can conclude that treating the surface of single-crystalline silicon in a glow discharge
plasma promotes the growth of crystals on this surface individually and predominantly along certain
lines, while a continuous film is formed on the untreated surface. This indicates that crystal growth
can be controlled using plasma treatment to create nanostructures.
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IJIAZMAJIBIK BETTI OHJIEVYIIH KOPFACBIH
CYJL®UAIHIH TUIEHKA KYPBIJIBIMBIHA OCEPI

Anjgarna

bipereii xacuerrepine OaianblcThl KOprachlH cyibduai (PbS) kasipri yakeiTTa oNieMHIH KONTEreH xe-
TEKIIi 3epTXaHalapblHAa 3epTTeNeTiH Marepuasl. MyHmail kKacuerrepre KYPBUIBIMABIK MOAM(HUKALUS APKbUIBI
ONITUKANBIK >KOHE 3JICKTPOHIBI KACHETTep KaTaabl. by xympicta cyOcTpaT OeTiHIH KOpPFAachH Cynb(UIiHIH
KYPBUIBIMJIBIK TUIEHKAIAPBIHBIH TYy3lTyiHe ocepi 3eprreneni. On ymriH MOHOKpHcTanabl kpemuuiiain (100) Geri
aproH arMocgepachiH/ia CONIFbIH pa3psara, 1 [1a skyMbIc KbICBIMBIH/IA JKoHE 2 KB aiiekTponTapiarsl oTeHIHaIAAP
aiiplpMachlHIa TIa3ManblkK eHjeyneH oTti. Kopracein cyibduainiy mienkanapsl 30 munyT iminge 70°C Tem-
neparypajga KOpFachlH HUTpAThl, THOMOYEBMHA XKQHE HATPHH THUAPOKCHIIHIH CYJbl €pITIHAICIHEH XUMHMSIIBIK
TYHABIPY 9/1iCIMEH MOHOKPHCTAJIABI KPEMHHUIIIH OHJICNTeH KaHe oHJeIMereH Oerrepine anbiaabl. Calikecinre
CKaHEpIICUTIH DIEKTPOHIBI MHUKPOCKOITHUS, SHEPIUs TUIICPCHSUIIBIK TAJIAY JKOHE PEHTTCHIIK KYPBUIBIMIBIK Tallay
omictepiMeH OeTTiK MOP(OIOTHS, SITEMEHTTIK KYpaM KoHe KPUCTAIIBIK KYPBIIBIM 3epTTenmi. HoTmkecinne, anapH-
aja eHJEeJreH cyOcTparTapAarbl ajiblHFAH IJICHKANAp OHJEIMEreH CyOcTparTapra TYH/ABIPbUIFAH IUICHKaJapMeH
CaJIBICTBIpFaH/a alKbIH OCTKI KYpbUIbIMFa He. bipieil cuHTE3 jKarmailblHIa ©HJICAreH OCTTeri KpUCTalAapIblH
ecyi, Heri3iHeH Oenriii Oip chI3bIKTap OOHBIMEH XKYP/i )KoHE Keke OeIIeKTepre TONTaCTIPBUIBI, al OHIEIMEreH
Oerre OipryTac mieHka maiaa 6omael. Ocbllaiilna, HAHOKYPBUIBIMIAP/IBl KYPY YIIIH IUIa3MajbIK ©HJ/ICY apKbLIbl
KpUCTaJAAPIbIH 6CyiH OaKpUIayFa O0Iabl.

Tipek ce3mep: KOpracblH CyIbGHUIIHIH IUICHKAIAPBI, IUIA3MaJIBIK OHJICY, XUMUSJIBIK BaHHAJAarbl CyJbI
epITIHAIIEH TYHIBIPY, MOP(HOIIOTHS, SIEMEHTTIK KYpaMbl, KYPBUTGIMEI.
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BJIUSHUE TIJIASMEHHOM OBPABOTKH NMOBEPXHOCTH
HA CTPYKTYPY IIVIEHKH CYJIb®UJA CBHUHLA

AHHOTAUMS

brnaromapsi cBoMM yHHKaJIbHBIM cBolcTBaM cyiabdun ceuHua (PbS) sBisercss marepuanoM, KOTOPbBIH B
HacTosiIee BPEeMsl M3y4aeTcss BO MHOTHMX BEAyIIMX Jiabopartopusix mupa. K TakuM cBOWCTBaM MOXHO OTHECTH
ONTHYECKHE W JJIEKTPOHHBIE CBOWCTBA 3a CYET CTPYKTYpHBIX Moaum¢ukanuii. B nmanHOW paboTre m3yuaercs
BIIMSTHHAE TTOBEPXHOCTHU MOAJIOKKH Ha ()OPMUPOBAHHE CTPYKTYPHPOBAHHBIX IICHOK Cynab(uaa cBuHua. st atoro
MOBEPXHOCTh MOHOKpHCTauTiueckoro kpemuus (100) monBepranack ma3MeHHOH 00paboTKe B TICIOMIEM pa3psizie B
armocdepe aproHa, pu pabodyem nasieHuu 1 I[1a u pa3HOCTH MOTEHIMAIOB Ha diekTpoaax 2 kB. Ilinenku cynbdhuaa
CBHMHIIA OBUIM TOJy4eHbI Ha 00paboTaHHbIC U HEOOpaOOTaHHBIE TTOBEPXHOCTH MOHOKPHCTAIIIMYECKOTO KPEMHUS
METOJIOM XMMHYECKOTO OCaX/I€HHUsI U3 BOJHOIO PacTBOpAa HUTPATa CBUHIIA, THOMOYEBHUHBI U THAPOOKCHA HATPUS
npu temneparype 70 °C B teuenne 30 MunyT. BbuTH n3ydeHsl MOpQOIOTHs MOBEPXHOCTH, MIEMEHTHBIH COCTaB
U KpHCTAJUIMYECKAasi CTPYKTypa METOAAMH CKaHUPYIOUIEH 3JIEKTPOHHOH MHKPOCKOINWH, 3HEPrOAMCIEPCHOHHOTO
aHaJIM3a ¥ PEHTT€HOCTPYKTYPHOTO aHAJIN3a COOTBETCTBEHHO. B pe3yiibrare noyyeHHbIe INICHKN Ha TPEABAPUTEIHHO
00paboTaHHbIE MOMIOKKH UMEIOT SIBHYIO OTIMYUTEIBHYIO IIOBEPXHOCTHYIO CTPYKTYPY IO CPAaBHEHHIO C TUICHKAMH,
OCXJICHHBIMH Ha HeoOpaOOTaHHbIC MOAJOKKH. [Ipy ONMHAKOBBIX YCJIOBHSIX CHHTE3a POCT KPUCTAIIOB Ha
00paboTaHHOM MOBEPXHOCTH MPOMCXOANIT NPEUMYIIECTBEHHO BJIOJb ONPECICHHBIX JIMHUNA M CTPYIITUPOBaHbI B
OT/ICJIbHBIC YaCTHIIBI, TOT/IAa KaK Ha HeoOpaOOTaHHOH MOBEPXHOCTH (POPMUPOBAIACH CIUIONIHAS IUICHKA. Takum
00pazom, MyTeM IUTa3MEeHHOI 00pad0TKN MOYKHO KOHTPOJIMPOBATh POCT KPUCTAIIIOB JUIS CO3AaHMsI HAHOCTPYKTYP.

KutioueBble cji0Ba: MICHKH Cyab(huaa CBUHIIA, TNIa3MEHHass 00paboTKa, OCKIESHUS U3 BOJAHOTO pacTBOpa B
XUMHYCCKOI BaHHE, MOP(OJIOTHS, SICMEHTHBIN COCTaB, CTPYKTYypa.
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