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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).

KOMMO3ULNOHHbLIA COCTAB 1 CBOUCTBA MOBEPXHOCTU
CUCTEM Me/Si, MONMYYAEMbIX OCAXOEHWUEM TOHKUX NMJIEHOK
Ti U Co NPU ACCUCTUPOBAHUN COBCTBEHHBIMA MOHAMW

O.M. Muxankosudy, C.M. Bapaiiwyk, N.C. Tawnbikos
Benopycckuli eocydapcmeerHbili nedazoeudeckuli yHusepcumem,
yn. Cosemckas 18, 220030 MuHck, benapyco, tashi@bspu.unibel.by

B HacTosen paboTe obcyxaatoTcsa pesynbTaThl UsyHeHUst KOMMOSULMOHHOTO COCTaBa, NOBPEXAESHUA CTPYKTYpbl NOBEpX-
HocTu (100) Si, Anddy3noHHBIX NpoLeccoB Ha MexdasHol rpaHvue B cuctemax Me/Si npyu moandnLMpoBaHUM KpeMHUS Me-
Toaom ocaxaeHusa nokpbituia Ti 1 Co (Me) npu accnctupoBaHum cobctBeHHbIMU MoHamu (OMACH), Tornorpachmm noBepxHocTr
MOMyYeHHbIX CTPYKTYP, €€ CMaYnBaEeMoOCTV AUCTUNNMPOBAHHOWN BOAON, @ TaKXKEe HaHOTBEPAOCTM.

BeeneHue MWUpPOBaTb W3OMNUPYHOLLME WIW MpOBOASLLME Criou,

OcaxjeHne TOHKUX MeTanmudecKkux NNEHOK Ha nuodusibHele UK MohoBHbIE B pasHbIX cpegax
KpeMHUeBble MNacTWHbl NPeACTaBNSEeT Kak HayYHbIN, noBepxHOCTK usfenuii [1,2]. MoHHaa uMnnaHTauns
Tak 1 npaktudecknin nHTepec. OHo nossonaeT gop- KCeHOHa B KPEMHWIA LUMPOKO MpUMeHsieTcs, T.K. Mo-
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3BONISET YNPaBnATb NOBPEXAEHWEM ero CTPYKTYpbl
[3,4]. Manouay4yeHHbIM OCTaeTcsa npoLecc maccone-
peHoca B KpEMHUW aTOMOB MOKPLITWUS, HAHECEHHOro
meTogoMm OIMACKU, n BnuaHuve npeaBapuUTenbHON
UMNMaHTaUun KCEHOHa B KPEMHUN Ha Anddy3noH-
Hble NpoLecchl B HEM MpU NOCEAYIoLWEeM HaHECEHUM
NoKpbITUA. [na ynpaBneHWss cBOWCTBAMU NOKPLITUIA
NpyU UX OCaXAEeHUWN Ha MOASIoXKY Heobxoauma guar-
HOCTMKa  MOBEPXHOCTM KOHCTPYKLMK  MOKPbI-
Tue/nognoxka. B HacTosAweih pabote obecyxpatores
pe3ynbTaThl U3y4eHWs KOMMO3WLMOHHOro cocTaBa,
AN dy3MOHHLIX NpoLieccoB Ha MexdasHol rpaHule
B cuctemax Me/Si npu moauduuMpoBaHUU KpeMHUS
MeToAoM ocaxaeHus nokpelTuid Ti u Co, B ycnoBusax
accUCTUPOBaHUS COBCTBEHHBIMW MOHaMK, Tonorpa-
M NOBEPXHOCTU MOMYYEHHBIX CTPYKTYP, CMaudu-
BaeMOCTW ee AUCTUINMPOBAHHOW BOAOW, a Takxe
HaHOTBepJOCTH.

MeTtoabl uccnegoBaHus

Ona ocaxgeHus MOKPLITUA Ha KPEMHWA UCMOoNb-
30Baf Pe30HaHCHLIA UCTOYHUK BaKyyMHOW JyroBoi
nnasMel (Bakyym 10 Ma) [5]. BnemMeHTHLIA nocroi-
HblA aHanu3 KOHCTPYKUMIA MneHka/kpeMHWIA BbINos-
HANW, ucnonb3ya pesepdopaoBckoe obpaTHoe pac-
cesHne (POP) noHos renua He' ¢ Eo = 2.0 MaB u
reometpuenn paccesiHus 0,=0° 0,=12° 0=168°, rge
61, O, M 6 - yrmbl BMeTa, BbIETa U paccesHna cooT-
BETCTBEHHO, W KOMMbIOTEPHOE MOAENMpoBaHNe 3KC-
nepuMeHTanbHblX cnektpos POP no nporpamme
RUMP [6]. OHepreTudyeckoe paspelleHWe aHanuau-
pytowlen cuctembl coctasnano 25 ksB. [Ona no-
CTPOEHUS MMYBUHHBIX Npoduneid KOMNOHEHTOB W3Y-
YaeMblX KOHCTPYKLUUA Mbl UCMONb3yeM MOHATUE MO-
NOXEHUS  UCXOAHOW  MOBEPXHOCTU  MOLJIOXKKM
(MAMMT), KoTopoe onpefensny B SKCrepuMeHTax no
BBE€HUIO Mapkepa (aTOMOB KCeHoHa) B Si nnacTu-
Hy. OHeprust MoHoB Xe' nmpu aTom Beina 10, 20 unm
40 KkaB, wWHTerpanbHble MOTOKWU OT 1x10™ cm? ao
2.7x10" cm? BennduHa cpefHero MpoOeKTUBHOMO
npobera aneMeHToB B MaTpuue ObiNuM paccyuTaHsbl
npyv MOMOLLUM KOMNbIOTEPHOW nporpammebl TRIM-89
[7]. N3yueHune Tonorpadum noBepxHocTu obpasuos u
onpejeneHve ee LLUEPOXOBATOCTW GbINO BbINOMHEHO
C NMPUMEHEHNEM CKaHUPYIOLLER 30H40BOW MUKPOCKO-
num Ha AFM NT-206. NamepeHne HaHOTBEPAOCTU U
moaynsa KOHra B Hallel paboTe, NpoBOAMNOCH MpM
noMmowyn HaHoTBepgomepa «Fisher H100». B npo-
Lecce M3MepeHW CHUMAaeTCs KpuBas HarpyxeHue—
pasrpyska, koTopas B AanbHelillem obpabaTbiBaeT-
ca no Metody Onusepa—®dapa [8]. TonwuHa ocax-
JeHHbIX MOKPLITUIA UMeeT 3HadYeHue B Npedenax 180-
200 HM. CMmayuMBaeMoCTb MOBEPXHOCTW MOKPLITUIA
onpeAenany no Benu4uMHe KpaeBoro yrna cMadvsa-
HUs (KYC), KoTopbldi U3Mepsanu MeTodoM cuasden
kannu. O6bemM Kannu coctaenan 9,3 Mkn.

PesynbTtaTtbl U ux 06CcyxaeHune

Ha puc. 1 nokasaHsl npodounu rmyGuHHoOro pac-
npeAeneHns KOMMOHEHTOB KOHCTPYKUWUW, nonydae-
MOWA Npu HaHeceHun kobanbLTOBON NNeHKM Ha Si, 6e3
BBE/JIEHHOrO KCEHOHOBOIO Mapkepa (a) u ¢ HuMm (6).

YCTaHOBIEHO, YTO B COCTaB MOKPLITUA BXOLAT
KpoMe aTOMOB MeTasfia aToMbl BOAOpOAa, yriepo-
Aa, kucropoga u KpeMHus. [osiBneHne B U3y4aemblxX
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Puc. 1. PacnpeaeneHve aneMeHToB Mo rmyounHe B CTPYKTY-
pax Co nokpbiTMe/Si, chopMnpoBaHHbIX: (@) — METOAOM
OMNACH, 6) — metogom NAHIMYC Ha kpemHuW, npeaBapwv-
TenbHo oB6ryveHHoM moHamm Xe' ¢ asHeprvein 10 k3B u
MHTEerpanbHbIM noTokom 3x10™ Xe/om?

nokpbITuax O, C, n H Mbl cBA3bLIBaeM, ¢ ocaxaeHnem
Ha MOBEpXHOCTb MOKPLITUSA B MpoLecce ero pocra
COBMeCTHO ¢ atoMamu Co, yrneBogopoAHoi dpak-
uum m O M3 OoCTaTOMHOrO BaKyyma B MULLEHHOW Ka-
Mepe, OTKauuBaeMon AUDEY3MOHHBIM Mapomacns-
HbIM HacoCcoM.

AHanmanpysi nofnyyeHHble pesyneTaTsl, puc. 1 a
n 6, oTMeTUM, 4TO aTOMbl yrnepoga W kucriopoga
MPOHUKAIOT B KPEMHMWEBYIO MOAMOXKY Ha ~30 HM
rnybxe, ecnn B CUCTEMY MOKPbITUE/NOANOXKKA Npej-
BapuTenbHO BBOAMUIICSH Mapkep KCeHOHa. ATOMbI xe
KobarnbTa MPOHMKAKT B KPeMHWUWA Ha rMybuHel BO
MHOro pa3s 6onbluMe NpoeKTUBHOrO Npobera paccyu-
TaHHoro no nporpamme TRIM, u B pa3sbl npeBbl-
Wwarolwme NPOHUKHOBEHWE aTOMOB KUCIOpOAa WU yr-
nepoja B KpeMHUA. B nnactuHe Si ¢ npegsapuTtenb-
HO MMMNaHTUPOBAHHLIMI MoHaMK Xe® rny6uHa npo-
HWKHOBEHWUS aTOMOB KobanbTa yBenuyuBaeTcs elle
Ha ~ 120 HM. [pu 3TOM KOHLUEHTpauus aTtoMOB KO-
6ankTa Ha conocTaBMMON rMybuHe Bo3pacTaeT npu-
MepHo B 1.5 pasa. Takoi adpdeKkT NpoHUKHOBEHUS
MOXHO OOBACHWTL pajWnauWOHHO-YCUIEHHON Aund-
dy3uei npu ocaxgeHU NoKpuITUA aTOMOB MeTanna
B My6b KpeMHUsA no gedektam, co3gaHHbIX UoHaMu
KCeHoHa.

CpaBHeHWe oceBbIX W CryvyaiHblX CMEKTpoB OT
ucxogHoro (100) KpeMHUA U KPEMHUSA € HAHECEHHbIM
MOKPLITUEM MO3BONAET ONpedenuTb  MONOXEHUS
aToMOB MeTanna B KPUCTalNIMYECKOW pelueTke
KpeMHUSA Ha pasnu4Hoii rnybuHe [9].

XapaKkTep 3aBUCMMOCTM pacrnpefefieHns aToMoB
KobanbTa B KPEMHWW, HaxOAALWMXCHA B y3nax Kpu-
cTannuyeckoi pelleTku, kpueas Cosyp, U MEXA0-

10-1 Meacoynapoonas xongepenyus « Bsaumooeiicmeue usnyuenuti ¢ meepovim meaom», 24-27 cenmabpsa 2013 2., Muncx, Beaapyce
10th International Conference “Interaction of Radiation with Solids”, September 24-27, 2013, Minsk, Belarus



318

Cexyusa 5. Cmpyrmypa u céoticmea noxpimuii

1004

—+«—Co
int
Co

sub

%

(a)
204 AMNn

0 T T T T T T T T T T J
-200-100 0 100 200 300 400 500 600 700 800 900 1000

Z., HM

1004

int

sub

Konnenrpanus, at%

1rmnn

?200-1'00 0 100 200 300 400 500 600 700 800 900 1000
Z, Hm

Puc. 2. PacnpepeneHne atomoB kobarbTa B KPeMHWH,
HaXOASALMXCA B MEWJOY3NusAX, OTHOCUTENbHO aToOMOB
kobanbTa, HaxoAAWMXCA B y3nax KpycTanimyeckon pelueT-
KM KpemHus, B cTpykTypax Co nokpbiTve/Si, cchopmmpoBaH-
Hbix: (a) — metogom OlMACKU, 6) — metogom OMACK Ha
KPEeMHUM NpeABapuTenbHO UMMITAHTUPOBAHHOM  MOHaMWU
Xe* ¢ sHeprueit 10 k3B n uHTerpanbHeIM noTokom 3x10™
Xelom?

y3enbHblX, KpuBasd Coin, AaeT BO3MOXHOCTb Mpej-
NoroXWTb BEPOATHLIA MexaHu3M Auddysmn. B
KpemHun B6nu3m MMM (~10HM) cospgaeTca Hau-
Gonbllee NOBpeXAeHUe KpUCTaniM4eckoh peLueTku
1 HabntogaeTcs peskoe YMeHbLUeHWe KOHLEeHTpaLum
atoMoB KobanbTa. OTO 0OBACHAETCA TeM, 4TO C
yBENUYEHUEM YMcna MeXA0Y3ernbHbIX aTOMOB KpeM-
HUS, YMEHbLUAeTCs YMCIo BO3MOXHBIX NyTel mMurpa-
LMun aToMoB KobarnbTa Mo MeXAoy3nusaM B peLleTke
KpeMHus. Ha Gonbluei rmybuHe Aonsi aTOMOB KO-
GanbTa, Haxo4AWMXCH B y3fax KpUCTansiM4yecKom
peLleTkn, yBenuyusaeTcs, gocturaa 3HadveHus 40%
Ha rnybuHe okorno 780 HM.

AHanus pacnpegefieHns atomoB KobanbTa B
KPEMHWUKM, npeABapuTensHO OOMyYeHHOM WOHaMM
Xe" ¢ aHeprueit 10 k3B W MHTErpanbHBIM MOTOKOM
3x10™ em" , puc. 2 6, no3BongeT caenate Npeano-
fIOXeHWe 0 TOM, YTO MexaHu3Mm Auddysnn no yanam
KPUCTaNM4YeCcKoW peLLETKN SABMAETCA OCHOBHbLIM.
MpeaBapuTenbHoe 06fyYeHUE KpPEMHUS MWOHaMM
KCeHOHa BefeT K BomnblueMy NOBPEXAEHUIO CTPYKTY-
pbl KPEMHUS U K YBENUYEHUIO [0 aTOMOB Kobanb-
Ta HaxoJsAWMXCs B 3aMmellalolynx MOMNOXEHUsX -
yCuIneHuto Bknaga MexaHwama guddyanun no ysnam
KpucTannuyeckon peluetkn. OToT adpdheKkT uMeeT
BbIP@XEHHYIO [030BYIO0 3aBUCMMOCTb. [pu obnyye-
HUM KpEeMHUS noHamu Xe' HabniofaeTca yMeHblie-
HUe gonu mexgoysensHbix atoMoB Co ¢ 86 % go 30
% npu yBenudeHun () ot 1x10™ em? po 2.7x10"°
cM™ Ha rry6uHe NpOHUKHOBEHUS ~ 90 HM, a Ha my-
©nHe ~ 780 HM - ¢ 60 % 0 16 % COOTBETCTBEHHO.

OTMeTUM, YTO usmyeckme npoLeccel HPopMuUpo-
BaHWA CTPYKTYp Ti NOKpbITUE/NOAMNOXKKA Ka4eCTBEHHO
COMOCTaBUMEl C MpoLeccamu, NpoTeKarowmnMn npu
HaHeCeHUN Ha KpeMHUI koBanbTOBbLIX MOKPLITUNA.

Mpu m3ydennn Tonorpacpum cucTeM MOKpbI-
TMe/NOANOXKa U YNCTOr0 KPEMHWUS U onpefeneHun
ee napameTpoB 6binu BbIOpaHbl NMoLWagkM pasMe-
pom 5x5 MKM?.

Mo 3D - nzobpaxeHuto Tonorpacdmumn NoBEPXHOCTH
TUTAHOBOIO MOKPLITUA Ha puc. 3 crefyeT, YTO Ha
KpeMHUW POPMUPYETCH MOBEPXHOCTb BbLICOKOrO Ka-
YyecTBa.

Mo N s
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Puc. 3. 3D - nsobpaxeHus Tonorpacmm nosepxHoct Ti
MOKPLITUS, HAHECEHHOTO Ha KpeMHuA metogom OIlMACU
6e3 obnydyeHns (a) U c npefaBapuTenbHLIM 0BMNyYeHVEM
MoHamm KceHoHa ¢ E = 40 kaB v gosoit 3-10" Xelcm2 (6)

Ha puc. 4 npeacTtaBneHbl goTorpacdun kanenb
BOAbl Ha noBepxHocTU Ti nNokpbITUA. [lapameTphbl
MOBEPXHOCTU OCaXAEHHbIX NOKPLITUA NpedcTaBneHbl
B Tabnuue. Kak cnegyeT us npefcraBneHHon Tabnu-
Lbl obny4eHne KpeMHUS MOHaMK KCEHOHAa He Bbi3bl-
BaeT 3aMeTHOro yBenu4veHus LuepoxoBatocTn Me
MOKPLITUA, HaHECEHHbIX Ha KPeMHWWA, U 3HAYMMOro
M3MEHEHUsA CMa4uMBaeMoCcTu WX AUCTUNNMPOBAHHOWM
BOAON.

PesyneTaTbl M3MepeHWs HaHoTBepgocTu dop-
MUPYEMBIX CTPYKTYP MpeAcTaBreHbl Ha pUcyHke 5.
TBepAoCTb NOBEPXHOCTHOMO COSA MOKPBLITUA TOMLLM-
Hoii 50 HM Bo3pacTaeT Mpu HaHeCeHWW TWTaHa B 4
pasa u B 45 pasa npu HaHeceHun kKoGaneta. [pu
yBENUYEHUN MMYOUHBI WHAEHTUPOBAHUSA WHTEerpanb-
Has HaHOTBEPAOCTb CTPYKTYPbl MOKpbITUE/NoAIoXKa
NpuonMKaeTca K HAHOTBEPAOCTU WCXOAHOrO
KpeMHuA.

3akntoyeHue

MonyyeHHble aKCNepUMeHTarnbHble pe3ynbTaThbl
NOATBEPXKAAIOT BO3MOXHOCTb yNpaBfeHus npouec-
camu MacconepeHoca B Si BBEJ€HWEM B €ro CTPyK-
TYpY pagunaunoHHbIX JedeKToB.

C npuMMeHeHueM ckaHuWpytoLleid 30HAO0BOW MUK-
POCKOMWUM YCTaHOBIEHbI BEICOKOE Ka4eCTBO U HU3Kas
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Puc. 4. ®otorpacum kanernb Boabl Ha noBepxHocTn Ti
MOKPLITUSA, HaHECEHHOro Ha kpemHu metogom OlACU
6e3 obnyyeHuns (a) 1 ¢ npeaBapuTeribHbIM 0BITyYeHUEM
MoHamu kceHoHa ¢ E = 10 kaB u gosoit 3-10" Xe/em® (6)

LLIepOXOBaTOCTb MOBEPXHOCTU MONYYEHHbBIX CTPYKTYP
Ti/Si n Co/Si, 4To cBUAETENLCTBYET O BO3MOXHOCTH
yMpaBeHWs LLEPOXOBATOCTLIO MOBEPXHOCTU CUCTEM
Me/Si, npuMeHsieMbIX A4S pasHblX PYHKUUOHAMBHBLIX
3r1eMEHTOB.

YcTaHoBMEHO YTO npefsaputenbHoe obnyvyeHus
KPEMHUSI MOHAMW KCEHOHa He BedeT K 3Ha4YuMoMmy
M3MEHEHUI0 CMa4ynMBaeMOCTU MOBEPXHOCTU MOSyYeH-
HbIX CTPYKTYP.

M3ydeHne HaHOTBEpAOCTU MOBEPXHOCTM MNOMy-
YeHHBIX MOKPEBITUIA nokasano, 4To metogom OlMACKU
CO3[al0TCH NOKPLITUS, TBEPLOCTb KOTOPBIX CpaBHU-
Ma C TBEpPAOCTbIO ariMa3onofobHbIX NIEHOK.

PaboTa BbINONHANACH NPU YacTUYHOM PUHaAHCK-
poBaHuM Benopycckum pecnybnukaHckum oHZOM
yHOaMeHTanbHbIX uccnegoBaHui, rpaHt ®110b-
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T'myGHHA HHICHTHPOBAHKS, HM
Puc. 5. 3aBucmMocTs HaHOTBEPAOCTM NOBEPXHOCTM chop-
MUPOBAHHEIX CTPYKTYP OT rMyBUHEI MHAEHTUPOBaHWA

COMPOSITION and PROPERTIES of SURFACE of Me/Si SYSTEMS, PREPARED by DEPO-
SITION of Ti AND Co THIN FILMS ASSISTED by SELF-ION

O.M. Mikhalkovich, S.M. Baraishuk, I.S. Tashlykov
Belarusian State Pedagogical University, Minsk, Belarus, tashi@bspu.unibel.by

In this paper a composite structure, topography, wettability and nanohardness of a surface (100) Si modified by means of
ion-assisted deposition of coatings in conditions of a self-irradiation are discussed. Rutherford backscattering of He" ions and
computer program RUMP were applied to investigate a composition of surface. It is established, that coatings include atoms of
metal, hydrogen, carbon, oxygen, silicon. The nanoindentation data from coated systems were used for calculation of the hard-
ness and elastic modulus using load and displacement sensing indentation experiments. Atomic Force Microscopy surface ob-
servations were used to investigate the topography of modified surfaces. Hydrophilicity was measured by means of the contact
angle measurement technique.
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