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CBOWCTBA NMOBEPXHOCTWU CUCTEMbI Mo/MOANOXKA,
®OPMUPYEMOMU NPU NOHHOM ACCUCTUPOBAHUN

W.C. Tawnsikos, A.U. Typosew
Benopycckutl 2ocydapcmeeHHbil nedazoeudeckull yHugepcumem um. M. TaHka,
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B paboTe npeacTaBneHbl pe3ynbraTbl UCCNeoBaHNs CBOWCTB MOBEPXHOCTM CUCTEMbl TOHKas nneHka Mo/cTteknsHHas noa-
noXxka, oopMMpyemMolri METOAOM OCaXKOEHWUSI NIEHKU, aCCUCTUPOBAHHOIO cOoGCTBEHHbIMM MoHamu (OMNACW). YcTtaHoBneHbI
KOppensuMn Mexay TOnororvert NoBepXHOCTU, 3HAYEHUSIMU LLIEPOXOBATOCTU M CMa4yMBaeMOCTbIO ee AUCTUMNIMPOBaHHON BO-
pon. MNokasaHo, 4To HaHeceHue Mo NNEeHKN CHWXKaeT rMAPOUIIBHOCTb MOBEPXHOCTH U3y4aeMon CUCTEMBI.

BeepneHue

[Mpn KOHCTPYMPOBAHWMM CONHEYHbLIX 3MEMEHTOB
(C3) Ha noanoxky, ncnonb3yst pasHole MeToAbl, Ha-
HOCAT TbifbHbIA KOHTAKT, 3aTeM MNormnoLwarLmmn
cnown, GydepHbIn Crnow, NUUEBON KOHTaKT, aHTUOT-
paxatoLiee nokpbiTue. B kavyectBe noanoxek peko-
MeHZYTCSA HaTpuncoaepxawme crekna, 6opocunu-
kaTHble cTekna n Al,Oz-nognoxku [1]. C gpyron cto-
POHbI, CTEKNO wAaeanbHO MNOAXOAMT Kak MOAIoXKa
Ons nsroToBneHns nabopaTopHbix obpasuos [2]. B
KayecTBe ThINTbHOrO KOHTaKTa NpMMEHSAITCS pasnuy-
Hble maTtepuansl [3]. Beibop monubaeHa B atom Ka-
YeCTBE OCHOBaH Ha CrneayroLlMX KpUTEPUsIX: XOpOo-
LWwasa aare3uns K nornoLuarLwemy Crnot; BO3MOXHOCTb
OMUWYECKOro KOHTaKTa C MOrMoLliarLiMM CIoemM p-
TMNa MPOBOAMMOCTU; HU3KOE yAenbHOoe COMnpoTUB-
neHuve; TemnepaTypa NnaBfeHns OOMmkHa ObiTb Ha-
CTONBKO BbICOKOW, 4YTODObI M3bexaTb CMeLIMBaHnsa C
nornoTuTenemM B nepmogbl TepMuyeckon obpaboTku;
XUMUYecKass YCTOMYMBOCTb K HAHOCMMbIM BeELLECT-
BaM. MO nneHka co3gaeT UEeHTpbl pocTa 3epeH no-
rnowlatoero cnos [4].

B pabote npuBegeHbl pesynbTtathl M3ydeHns Mo
NIeHKM, ocaxaaemMoln B Ka4ecTBe ThINbHOIO KOHTaK-
Ta TOHKOMMEHOYHBLIX COMHEYHbIX 3NEMEHTOB Ha
CTeKNaAHHy noanoxky metogom OIMACW. Lensto
paboTbl sBMSANOCL MccnegoBaTb CTaguu npouecca
pocTa MMEHKU TbINIBHOTO KOHTAKTa CONTHEYHOro ane-
MEeHTa MpY pasnuyHbIX A03ax 00nyyYeHus accucTu-
PYIOLMMN MOHAMWN [0 Pa3BUTUSA CMIIOLUHON MIEHKM,
BMUSIHME 103kl MOHOB Mo* Ha Tonorpaduio 1 cMaun-
BaeMOCTb BOAOW MOBEPXHOCTU COPMUPOBAHHbIX
nneHok. Metonq OIMACW nosBonsieT cosgatb nnas-
HbIl Nepexoq Mexay OCaXAeHHOW NIeHKoM U MaTe-
pvanom noanoxkn. ATo BNWUAET Ha aaresuvio, rnag-
KOCTb MOBEPXHOCTU MIIEHKN, MO3BONSIET MOBbLICUTH
KayeCTBO TOHKOMMEHOYHbIX YCTPOWCTB [5].

OcHOBHas 4YacTb

ToHKMe nneHkn Mo HaHOCUNCL Ha CTEKNO METOo-
gom OlACMU [6] ¢ ncnonb3oBaHNMEM pPE30HAHCHOro
WOHHOIO MCTOYHMKA BaKyyMHOW 3NeKTpoayroBon
nnasmbl. Yckopsilolimii noTeHUuMan Ha katoge Ans
accUCTUPYOLLNX NOHOB Mo"* 6bin 10 kB, obnyyeHne
npekpaLLanocb Npu AOCTUXKEHUM UHTErpanbHbIX Mo-
TOKOB aCCUCTUPYIOLLMX WMOHaoB Mo”* 1,2-1016,
3,2:10%,5,2:10%,8,1-10", 1,1-10"" cm™.

Tononorus NOBEpPXHOCTU CUCTEM M3yyanach, UC-
nonb3ys CKaHUPYIOLLY 30HOOBYH MUWKPOCKOMMUIO
(aTomHO-cunoBon mwukpockon NT-206). [daHHble o
rmapoUIbHOCTM NOBEPXHOCTN 06pasLOB Nomy4vanu,
M3Mepsisi paBHOBECHbIA KpPaeBOW Yron cMavnBaHus

(PKYC) Ha ycTaHoBke, npeactasneHHon B [7]. B ka-
YecTBe CMayvMBaloLLen XMOKOCTN NPpUMeHsnack guc-
TUNMpoBaHHas Boda (06bem kannu ~15 mkn).

M3obpaxkeHnsa Tonorpadun NOBEPXHOCTN UCXOa-
HOro CTekna M CTekna C HaHeceHHOW MO MnneHKon
npusedeHbl Ha puc. 1, a eé xapakTepucTuku npepa-
CTaBrneHbl B Tabnuue.

H
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Puc. 1. 2-x n 3-x MepHble M306paxeHUss MOBEPXHOCTU

nneHkn Mo, HaHeceHHoW Ha cTekrno (A), Npu accuctTupoBa-

HAM C WHTErpanbHbIM MOTOKOM MoHoB Mo® 1,2:10% (B),

3,2:10" (C), 5,2:10" (D), 8,110 (E), 1,1-10" (F) cm™.
Tabnuuya — MapameTpbl MOPONOrMN U CMaYMBAEMOCTH.

E

Obpasey Mex 1 2 3 4 5

WHTerpane-
HbIA NOTOK 1,2 3,2 5,2 8,1 11
Mo",-10" cm™

Bpewmsi mo-
aunduumposa- 15 50 75 110 | 145
HUSI, MUH

CpepgHsis
LepoxoBa- 2,20 | 1,78 1 1.97 | 2,71 | 2.33 | 2.30
TOCTb, HM

% obpasoBa-

56,9 |1 33,6 | 345 48,1 | 96,5
HUS1 MOKPbITUSA

Pa3sHocTb

72 1 60 | 46 | 30 | 30
BbICOT, HM

Kpaesow yron

. | 251]628]|674]|697]|608| 56,7
CMaymBaHus,
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CornacHo Mofny4YeHHbIM AaHHbIM, UCMOMb3ys Ka-
YeCTBEHHOE OnuCaHue 3BONOLMM TOHKUX MIEHOK,
CMHTE3MPOBAaHHbBIX HA aMOpPMHbIX 1 MoNMKpUcTann-
yeckux nognoxkax [8], mbl Habnogaem cnegyowne
warn B npouecce pocTta nneHkn Mo: nosiBneHune
OCTPOBKOB pOCTa, CTOMNKHOBEHNE N CMAHUE OCTPOB-
KOB, pa3BUTME HENPEepbLIBHOIO CTPYKTypbl. MocTpouns
B nporpamMme SX ructorpammbl pacrnpegeneHvs Bbl-
COT U ceveHuns 2D pucyHkoB Tornorpadum Ha Hambo-
flee 4acTo BCTpeYaeMbIX BbICOTAx, onpeensem,
HacKOMNbKO CMMOLWHbIM ABMNSETCA NMeHKa U ee Ton-
LLIMHY.

OueHuBas % obGpa3oBaHMsA MOKPLITUSA, OTMETUM
CTpaHHoe CHuxeHue ¢ 56,9% no 33,6% Ha Havanb-
HOM 3Tane hOpMMPOBAHUS MMEHKN. OTO BO3MOXHO
nvwb B criyyae, korga Habniogaemas pasHoypoBHe-
Bas nosepxHocTb Ha ACM cHumkax oTobpaxaeTcs
He MOBEPXHOCTbIO MMAEHKN W MOASMOXKA, a TOMNbKO
MOBEPXHOCTbIO NMEHKW, OcCaXgaeMon HepaBHOMEPHO
Ha pasfnuyYHblX yyacTKax Ha HavanbHOM 3Tane ee
opMMpoBaHUsa. 3TO BO3MOXHO TOMbKO B Cryyae,
ecrnm Ha ACM cHMMKax Mbl BUAMM HEe MOBEPXHOCTb
noanoxkn (bonee HWU3KMIN ypoOBEHb), @ MOBEPXHOCTb
paHee ocaxaeHHou nneHku. O6 3ToM cBUAETENbCT-
BYET, B YAaCTHOCTMW, CHMXEHME PasHOCTM BbICOT C 7,2
HM [0 3 HM MpW yBENUYEHUN UHTErpanbHOro NoToka
W, COOTBETCTBEHHO, BPEMEHW HaHECEHUS MMEHKN.

CpepHsis wepoxoBaTocTb (Ra) cTekna HesHaun-
TenbHa n coctaenset 2,2 HM. Habniogaemas npu
3TOM KapTuHa penbeda NOBEPXHOCTU NpeacTaBnsaeT
coboi aHcaMbrib «XONIMOBY» CXOXeW BbICOTHI.
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Puc. 2. 3aBucumocTb cpegHer LepoxoBaToCTU NMOBEPXHO-
CTM 00pasLoB C HaHEeCEeHHbIMU nneHkamu Mo OT uWHTe-
rpanbHoro notoka MoHos Mo*

3aBucMmMocTb R, OT BeEMWYMHBI MHTErpanbHOro
noToka (puc.2) umeeT B, CXOXUA C paHee nony-
YEHHbIMW pe3ynbTaTaMu UCCMEeAOBaHUS  BUSHUS
obnyyenna rpacduta uoHamm Xe' Ha CTpyKTypy,
3MIEMEHTHbIM  cocTaB, Tornorpadguio  NOBEPXHOCTU
o6pasuoB, ux cMadnBaemocTb [9].

[Mocne HaHeceHMs NOKPLITUA xapakTep Tonorpa-
U1 NOBEPXHOCTM 3aMeTHO MeHsieTcs. B oTnuume ot
ucxogHoro obpasua 3HauuTeNbHO CHUXAETCS KOonu-
4YeCcTBO HEBOMbLUNX HEOOHOPOAHOCTEN, NOBEPXHOCTb
NoAaJSIOXKKM CTaHOBUTLCA Gonee rmagkon. PocT wepo-
XOBaTOCTU C YBENMYEHMEM MWHTErpanbHOro noToka
06yCroBneH pasHOCTbLIO BLICOT MOKPLITUS Y MOAJOXK-
KW, a Takke MHOroYMCNEHHOCTbI0 OCTPOBKOB 3apOXX-
OEHUs MOKpbITUSA, AocTuras Makcumyma B 2,71 HM
npu WHTErpasibHOM NOTOKE MOHOB 5,2:10 von/cm®.
Mpn ganbHelweM yBenmyeHun BpeMeHn HaHeCceHus,
a 3HauuT, yBENMYEHUM MHTErpanbHOro fnoToka Mo-
HOB, NMoWaAb MOKPbITUS pacTeT, 3anosHAsS BCH MNo-

BEPXHOCTb CTEKNa, YTO MPUBOAMT K CHMDKEHUIO LUe-
poXxoBaTOCTN A0 2,3 HM.

M3mepenns PKYC pguctunnupoBaHHOM BOAOW
NOBEpPXHOCTU MCXOAHoro crekna (25,1°) u crekna ¢
nneHkamn Mo (56,7° — 67,4°) BbISBUNU 3HAYUTENb-
HOEe BNMUSHWE CaMOWN MNMNEHKN M MEHbLUee BIMSIHUE
WHTErpansHOro noTtoka acCUCTUPYHLLMX WMOHOB Ha
3HayeHne PKYC. CnepoBaTtenbHo, HaHeceHnem Mo
NAEHKN Ha CTEKINO C pasHbIMU MHTErparnbHbIMX NOTO-
KaMu MOHOB Mo® MOXHO YMpaBnsiTb CMayMBaeMo-
CTbtO €ro NOBEPXHOCTN BOAOMN.
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Puc. 3. ®otorpachum kanenb Ha noBepxHOCTM 06pas3LoB
VCXOAHON CTEKNSIHHOW MoAnoXku (A) U Noanoxek ¢ HaHe-
CEeHHbIMW nneHkamMu Mo npu accucTMpoBaHUM C WHTe-
rpanbHLIMI NoTokamn MoHos Mo* 1,2:10™ (B), 3,2:10% (C),
5,2:10" (D), 8,1-10" (E), 1,1-10" (F) cm™
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Puc. 4. 3aBncumoctb KYC noBepxHocTy obpasuoB ¢ HaHe-
CeHHbIMU MneHkamy Mo OT MHTerpanbHOro NoToka MOHOB
Mo"

M3meHeHne BenuuuHbl PKYC c poctom wuHTe-
rpanbHOro NMoToKa, Kak 3TO NPOCMeXuBaeTcs no us-
MEHeHMo hOpMbl Kannu BoAdbl Ha NMOBEPXHOCTM 00-
pasuoB, MMeeT 3aBWCMMOCTb, KayeCTBEHHO Modo6-
HYl0 4O30BOW 3aBUCUMOCTM BEMMNYMHBI LLEPOXOBATO-
ctu (Tabnuua, puc. 4).

OueBunaHO, 4YTO TpM hakTopa BAUSIOT Ha CMayu-
BaeMOCTb NMOBEPXHOCTM B 3TOM CIy4vae: XUMUYECKUIA
coctaB martepuana (ocaxgeHue Mo-nneHkn), rete-
POreHHOCTb cocTaBa noBepxHoCcTU (% obpasoBaHus
NOKpbITMS) 1 MOPdONOrnst MOBEPXHOCTH (LLepoxoBa-
TOCTb NMOBEPXHOCTH).

3aknrovyeHue

PabGota sBnsieTcs aTanom uccrneaoBaHWiA MNpo-
uecca pocTta NfeHKN TbIfIbHOrO KOHTaKTa COMHEYHbIX
3NemMeHToB, HaHOCMMOM Ha cTekno metogom OllA-
CW, npn pasnunyHbix fo3ax accuctupytowiero obny-
YyeHus moHamu Mo®, BNVSIHUS [03bl OBNyYeHUs Ha
Tonorpadnto M CMaYMBAEMOCTb MOBEPXHOCTU CUC-
Tembl Mo nneHka/cTeknsHHasa noanoxka.

YCcTaHOBMNEHO 3Ha4YeHWe NOpPoroBOro MHTerparnb-
HOro noTtoka (5,2-‘1016 CM'Z), npw NPEBLILLEHNN KOTO-
pOro CHMXaeTcs LIepoX0oBaTOCTb MOBEPXHOCTM Ha-
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PROPERTIES OF Mo/SUBSTRATE SYSTEMS
FORMED BY MEANS OF SELF - ION ASSISTED DEPOSITION

I.S. Tashlykov, A.l. Turavets
Belarusian State Pedagogical University, Sovetskaya 18, 220030 Minsk, Belarus, tashi@bspu.unibel.by

In this paper results of deposition molybdenum layer on glass substrate in order to investigate the surface properties of Mo
back contact on glass are discussed. The Mo thin films were deposed on glass substrates by self-ion-assisted deposition me-
thod (SIAD)

SIAD experiments were performed using a resonance vacuum arc ion source. Substrate plates were floated to a negative
potential with respect to the source of 10 keV to accelerate the ion species. The dose of ions was 1.2:10, 3.2:10%, 5.2-10%,
8.1-10", 1.1-10" cm. Atomic force microscopy study of samples was performed using an microscope “NT-206". Contact angle
measurements were based on the sessile-drop method. The wetting agent was distilled water.

The roughness of initial glass is 2.2 nm. After the start of deposition of coating the character of the surface topography
changes drastically. The roughness increases with the increase of the irradiation dose to 2.7 nm due to the difference of levels
of covering and the multitude of islands of covering nucleation. With further increasing of the deposition time the area of
covering increases, gradually filling the entire surface, which reduces the roughness to 2.3 nm.

The wettability test results show fundamental difference between the contact angle (CA) of initial glass (25.1°) and the contact
angle of experimentally modified surfaces (56.7° — 69.7°). There was observed increasing in 2.45-2.77 times in the contact an-
gle of water when the Mo thin film is deposited on glass. The deposition of the Mo thin films on glass makes the surface less
hydrophilic. The dependence of the value CA from a dose of ion irradiation is similar to the dependence of the average rough-
ness from a dose. Obviously, three factors affect on the wettability of the surface in that case: chemical composition of the ma-
terial (fact deposition of Mo-films), local inhomogeneity (% of coating formation) and surface morphology (roughness).

KOMMNO3ULMOHHbIA COCTAB 1 CBOUCTBA NOBEPXHOCTHU
CUCTEM Me/Si, NTONYYAEMbIX OCAXOAEHUEM TOHKUX NMJIIEHOK
Ti W Co NPU ACCUCTUPOBAHUUN COBCTBEHHBIMA NOHAMMU

0O.M. Muxankosu4, C.M. bapanwyk, UN.C. Tawnbikos
Benopycckuli eocydapcmeeHHbIU nedazoaudeckuli yHugepcumem,
yn. Coeemckas 18, 220030 MuHck, benapycs, tashl@bspu.unibel.by

B HacTosiweln paboTte o6cyxaatoTcst pesynbTaTthl U3y4eHUsi KOMNO3ULMOHHOTO COCTaBa, NOBPEXAEHWsSI CTPYKTYPbl NMOBEPX-
HocTu (100) Si, Anddy3NOHHBIX NPOLIEECCOB Ha MexdasHon rpaHuue B cuctemax Me/Si npu MmoandrumpoBaHnM KpemMHUS me-
ToOoM ocaxaeHust nokpbiTuin Ti 1 Co (Me) npu accuctupoBaHum cobcTBeHHbIMM MoHamu (OMACW), Tonorpacum noBepxHoOCTU
MOSyYeHHbIX CTPYKTYpP, €e CMa4YuBaeMoCT! ANCTUNIIMPOBAHHOW BOAON, @ Takke HAHOTBEPAOCTU.

BBepeHune MUpPOBaTb M3ONMPYKOLME UMW NPOBOASALUME CHOWU,

OcaxaeHne TOHKUX MeTannuyeckmx MnéHok Ha nmogunbHbIE MM NMOOOHbIE B pasHbIX cpedax
KPEMHWEBbIE MNacTUHbI NPeACTaBNAeT Kak HayyHbIi, nosepxHoctu uspgenun [1,2]. NoHHaa mumnnaHtauus
TaK u npaktndeckun nHtepec. OHo nossonsieT dop- KCEHOHA B KPEMHWI LUMPOKO MPUMEHSIETCS, T.K. MO-
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