3AKJIIOYEHUE

HUccnenoansl GpoTopU3MUECKHE CBOWCTBA B BOIHBIX PacTBOpaxX CHHTE3UPOBAHHOTO B
PUITY BI'Y HOBOrO MEpOIMaHMHOBOI'O KPAaCUTEINA, KOTOPBIA SBiIseTcs Moauduxanuen
CHUHTE3UPOBAHHOTO paHee 0OEH30THA30JILHOTO KpacuTes TpaHc-2-[4-
(mameTrnamuHo )ctupmi |-3-3Ti- 1,3-6er3otrazonus nepxiopar (IMACEBT) — ananor
¢yopectienTHOTO 30HHAa THO(iaBuHa T It OOHApYXXEHHS AMHIJIOHAHBIX (GHOPUIIT C
VIIyYIIEHHBIMU CIIEKTPAJbHBIMU CBOMCTBaMHU. YCTAHOBIIEHO, YTO KPacUTEb, MOJU(PHUIIN-
POBaHHBIN MTyTEM 3aMEIIEHUSI 3TUJIOBOTO OKOHYAHUS MACIISIHOW KHCJIOTOM, B BOAHBIX pac-
TBOpax CTaJl CKJIOHCH K 00pa30BaHHMIO arperaTtoB, YTO HE OBUIO OTMEYCHO y HCXOIJHOTO
kpacurens [IMACOBT. Ilpu stoM poTodu3nuecKkre cBOCTBA MOHOMEPOB HOBOTO KpacH-
TeJNA B BOJIE B 3HAUUTENIbHOM CTEIIEHU COBIIAAAIOT ¢ TaKOBbIMHU is kKpacutensa IMACOBT.

PaspaboTanbl HaHOKOMITIIEKCH Y J[A ¢ HOBBIM MEPOIIMAHWHOBBIM KPACHTEIEM H UCCIIe-
IOBaHBI X (HOTOPH3UICCKUE CBOMCTBA B BOJHBIX pacTBopax. OTCYTCTBHE arperanuy Me-
POLIMaHUHOBOTO KpacuTelisd B KoMmIuiekce ¢ YA 1Mo cpaBHEHHIO C HCXOIHBIM KpacHTeJeM,
a TaKKe YBEJIIMYCHUE Ha TIOPSIIOK JITUTETBHOCTH 3aTyXaHus (DIyOpecIeHIIMU CBUIETENIbCT-
BYIOT 00 MX KOMIUIEKCOOOPa30BaHU
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AAATHOCTHKA TOHKOIVIEHOYHBIX HAHOCTPYKTYP CUCTEMBI
Al-Fe/CTEKJIO METOJAOM CKAHUPYIOIIEHN 30HAOBOU MUKPOCKOIINHA

. n. Tamﬂbmosa-BymReBuql, n. A. CTo.lmp2

Y Benopycckuii 2ocyoapcmeenmbiii yHusepcumem uHgopmMamuxi u paouosnekmpoHuKL,
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MeTtonamu ckaHUpyromei 3001080 Mukpockonvu (C3M) 1 NOKOsIIeHCs: KAl mpo-
BEJCHO KOMIUIEKCHOE HCCIICOBAHHE MOP(OIOTHH U CBOMCTB TOHKOIUICHOYHBIX HAHOCT-
pykTyp cuctembl Al-Fe/cTexno, momy4eHHBIX ¢ UCMOIB30BaHUEM PE30HAHCHOTO MOHHOIO
WCTOYHHKA BaKyyMHOW JJIGKTPOJYTOBOHM IJIa3Mbl C 3JEKTPOJIAMH, W3TOTOBICHHBIMH W3
craBa Al-1,5 at. % Fe, B pexumax maccuBHOTO M HOHHO-accuctupyemoro (U =3 kxB)
ocaxaeHuss. CKOpoCTh HaHeceHUs MOKpbITHH coctaBmia 0,1-0,2 HM/MuH. B pamkax BbI-
MOJIHEHHOTO aHAJIMTHYecKoro aHanu3a C3M-u300pakeHuil onpeaesieHbl aMIUINTyIHbIe U
[IarOBBIE XaPaKTEPUCTHKHN MIEPOXOBATOCTH 00pa3oB, a TakkKe MapamMeTphl-Oe3pa3MepHbIe
KOMIUICKCHI (W 1 k), IO3BOJIIOIINE BEISIBUTH, KaK CTEIICHh HEOJHOPOIHOCTH TIOBEPXHOCTH
KOppeJNupyeT ¢ npoueccoM (popMupoBanus mieHoK. [lokazaHo, 4TO B 3aBUCUMOCTH OT pe-
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KIMa M BPEMCHH OCAXICHHS MOAWU(HUKANNS HAHOCTPYKTYPHI IUIEHOK COMPOBOXKIACTCS
U3MCHEHHEM TOMEePEUHBIX W JIaTepajbHBIX pa3MEpOB AJIEMEHTOB peibeda. PaccMorpeno
BJIMSHUE CTPYKTYPHOU HEOIHOPOAHOCTH CYOMUKPOHHOH KOHYCOOOpa3zHOH MOP(OIOTHUH TO-
BEPXHOCTH Ha OCOOCHHOCTH METACTa0MILHOTO FeTEPOTeHHOTO CMaYMBaHUs TUIEHOK BOJIOM.

Kniwouegvie cnoea: MOHHO-aCCUCTUPOBAHHOE OCAXKICHME; CKAaHUPYIOILAS 30HIO0BAs
MHUKPOCKOIIHS; CMa9HBaeMOCTh; cIuiaBel Al-Fe.

DIAGNOSTICS OF THIN FILM NANOSTRUCTURES OF Al-Fe/GLASS
SYSTEM BY SCANNING PROBE MICROSCOPY

I. I. Tashlykova-Bushkevich', I. A. Stoliar?

" Belarusian State University of Informatics and Radioelectronics,
P. Brovki str. 6, 220013 Minsk, Belarus
? Belarusian State University, Nezavisimosti av. 4, 220030 Minsk, Belarus
Corresponding author: 1. 1. Tashlykova-Bushkevich (iya.itb@bsuir.by)

Complex study of morphology and properties of thin film nanostructures of Al-Fe/glass
system produced using a resonance ion source of vacuum arc plasma with electrodes made
from Al-1.5 at. % Fe alloy in passive and ion-assisted (U =3 kV) deposition modes was
performed by scanning probe microscopy (SPM) and sessile drop method. Coating deposi-
tion rate was of 0.1-0.2 nm/min. Amplitude and spatial characteristics of roughness of
specimens, as well as parameters-dimensionless complexes (y and k) have been determined
within the framework of carried out analytical analysis of SPM-images and allow to reveal
how the degree of heterogeneity of surface correlates with the process of film formation.
Depending on the mode and time of deposition, it is shown that the modification of the
nanostructure of films is accompanied by a change in the transverse and lateral dimensions
of the relief elements. The influence of structural heterogeneity of sub-micron cone-shaped
surface morphology on features of metastable heterogeneous wetting of films by water is
considered.

Key words: ion-assisted deposition; scanning probe microscopy; wettability; Al-Fe alloys.

BBEJEHUE

[MpakTHyeckuii 1 HAYYHBIA HHTEPEC K CHHTE3UPOBAHUIO ONTHYECKHUX TUICHOK METAIIIOB
Ha JUAJIEKTPUYECKHUX IMOAJIOKKAX C MOMOIIBIO MOHHO-TYYEBBIX METOJOB OCAXKICHHUS IO-
KpPBITHI BBI3BaH MEPCHEKTUBAMU UX HCIIOJIb30BAHMS B YCTPOHCTBAaX COBPEMEHHOMN 3JIEK-
TPOHUKHU H CONHEYHOH (poTosHepreruku [1]. st MomuduKkanum XapakTepUCTHK U YIIPaB-
JeHUST (PU3NKO-MEXaHUIECCKIMH CBOWCTBAMHU TOHKOIUIEHOYHBIX METATMYECKUX TTOKPBITHI
TpeOyeTcsi IOHUMaHKe BIMSAHUSA YCIOBUN OCaXIEHHS Ha CTPYKTYPY MOBEPXHOCTH CUCTEMBI
MOKPBITHE/TIOJIOKKA. B 4acTHOCTH, MPU KOMIUIEKCHOM W3Yy4eHUH MOPQOJIOTHH U IIePO-
XOBaTOCTH IICHOK aKTyaJIbHO MPUMEHEHHE CTaTHCTHYECKOTO MOAX0/1a, B paMKax KOTOPO-
ro IpoMIIb TOBEPXHOCTU TPENCTABIIETCS peali3anneii crydaifHoro mpomecca [2], omnu-
ChIBaeMOro (yHKIHMEW CIEeKTPaJbHOW IUNIOTHOCTH, KOTOpas XapaKTepu3yeT YacTOTHYIO
CTPYKTYpy mpoduis. NHTEHCHBHO TPOBOJATCS TEOPETHYECKHE W OKCIEPUMEHTAJIbHBIE
uccienoBanus [3, 4], 4ToOBl ONMpPENEUTh YHUBEPCAIBLHBIA HAOOp NUCKPETHBIX M HWHTE-
TPANBHBIX TTapaMEeTPOB U WH(POPMATHBHOTO ONHMCAHHUS HAHOCTPYKTYPHI MIEPOXOBATBHIX
MIOBEPXHOCTEH, BKIIIOUasi HAHOpEIbe(, pacipeelIeHue HepOBHOCTEH 10 BBICOTE U JP.
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Lenpto naHHOW PabOTHI SBISETCS BBHIMOJHEHHE MPOQWIBHOTO W TONOrpaduvIeckoro
aHaJM3a TOHKHX IUICHOK CIUIaBa aIOMUHIES C YKEJIE30M Ha CTEKIITHHBIX ITOIOKKAX, MOy~
YEHHBIX MPU NMACCUBHOM OCAKACHUM U B YCIOBUSIX MOHHOTO aCCUCTUPOBAHUS, UCIIOJNB3YSI
PE30HAHCHBIM MOHHBIM HMCTOYHHMK BAaKyyMHOH 3JIEKTPOAYTOBOW Iula3Mbl. B komruiekce ¢
METOJIOM CKaHHpYIoIIeH 30H10B0H MuKkpockonuu (C3M) maHHbBIE paBHOBECHOTO KPaeBOTo
yraa cmagnBanus (PKYC) moBepXHOCTH IJICHOK TUCTHIDIMPOBAHHONW BOJOW HCIIONB30Ba-
HBI AJIS1 OLIEHKU COCTOSIHUSI IOBEPXHOCTH CUCTEMBbI MOKPBITHE/TIOIOKKA.

MATEPHUAJIBI 1 METO/bI

Merammmdeckoe nokpeitre (cmaB Al-1,5 at. % Fe) ocaxnmanock Ha CTEKJISTHHBIC TTOA-
JOKKH C TIPAMEHEHHUEM BaKyyMHOTO PE30HAHCHOTO IUIa3MEHHO-IYTOBOTO MCTOYHUKA (Ba-
KyyM 1072 [1a) [5], oIHOBPEMEHHO TEHEPUPYIOLIETO HEHUTPAIBbHBIN TOTOK aTOMOB U MOTOK
HMOHOB OCaKIAaeMOT0 CIUIaBa B JIBYX pexuMax. [Ipu oTCyTCTBHM YCKOPSIOLIETO ITOTEHITHA-
na (PeKUM TTACCHBHOTO OCAXKIICHHSI) BPeMsI HAHECCHHUS TOKPBITHS COCTABIUIO 3 U 6 4, a
npu yckopstouieM HanpsokeHuu U =3 kB (peXuM MOHHO-aCCHCTUPYEMOIO OCAXKACHUS) —
6 1 10 4. CxopocTh ocakJeHUs MOKpbITHI Obu1a ~0,1-0,2 HM/MuH. B cooTBeTCTBUM C Me-
TOUKOM, MpeiokenHoi P. Sigmund [6], cKOpOCTh «KpHUCTAILIH3AHN (OXJIKICHUS Kac-
KaJIOB aTOMHBIX CTOJIKHOBEHHIT) ObLIa 1012210 K.

Mopddomorust 1 tonorpadusi, BKIOYas MIEPOXOBATOCTh, MOBEPXHOCTH TOHKOIJICHOY-
HBIX HAHOCTPYKTyp HccienoBanuch MerogqoM C3M Ha aTOMHO-CHIOBOM MHUKPOCKOIE
NT-206 ¢ 3omamu CSC-38 B KOHTaKTHOM pexuMe Ha Bosmyxe. Jlns kaxmoro obpasia,
ucnone3yst nporpammy SurfaceXplorer, ObIT BBITOJHEH aHANN3 HE MEHee 7 IUIOIMIAI0K
paszmepom 20%20 MKM". 3HaueHHe cpenHeapupMeTHIecKoi MepoX0oBaTOCTH R, ONpeaess-
JIOCh yCPEIHEHUEM IOJIyYeHHBIX JaHHBIX. 3aTeM OTOMpaiach TUMUYHAS TUIOMIAAKA, IS
KOTOpOW OBbLT BBHITIONHEH NANbHEHIINK aHanuTHYeckuid aHamm3 C3M-nu3o0pakeHus ¢ Hc-
MOJIb30BaHUEM Habopa 7 JUCKPETHBIX MapaMEeTpPOB IIEPOXOBATOCTH: CpeAHeapudmMeTnye-
CKas LIEPOXOBATOCTh R,, CPEAHEKBAJAPATUYHASA LIEPOXOBATOCTh R,, BHICOTA HEPOBHOCTEH
npodwis Mo gecATH TodkaM R,,,, aCCHMETPHYHOCTD Ry W OCTPOBEPIIMHHOCTH R, (am-

IUTUTYTHBIE TTapaMeTphl), a TAKXKe CpejHee 3HaYeHHe IIara MeXk/1y BBICTYHaMu Ipoduist S
U CPeAHUil mar HepoBHOCTEH npo¢mis S, (Iaropsie napameTpsl). JlOMOJIHUTENBHO Ompe-
JeTAINCh TapaMeTphl-0e3pa3MepHble KOMIUICKCHL: COOTHOIIEHHE IIAroBBIX ITapaMeTpPOB
npopunss y =S/, [7] u uccnenopaTenbckuil rHOpUIHBIA KodhbHULIUEHT k =R,), /S

[4], 3aBUCSIUI OT aMILTUTYIBI U IIara MepoXOoBaTOCTH HaHOpenbeda. ANTOpUTM pacyeTa
rudpumHoro ko3¢ ¢unuenta k omvcan B [4]. IludpoBas oOpaboTka MOJUTOHOB YaCTOT,
OTIPENEICHHBIX I OpAUHAT Mpodwmiisd, ObUIa BBHINOJIHEHA, YTOObI CPAaBHUTH KCIIEPUMEH-
TaJIbHBIC PE3yJIbTATHl C TEOPETUUECKON (DYHKIIMEH MIOTHOCTH BEPOSITHOCTH f{z) pacnpene-
nerus ["aycca, ncnone3ys OriginPro. IlorpemHocTs H3MepeHHs JUCKPETHBHIX MapaMeTpOB
IepOXOBATOCTU OBUIO OKOJIO 5 %o.

H3mepenne cMaunBaeMOCTH MOBEPXHOCTHU cucTeMbl Al-Fe/cTekio mpoBeeHo METo10M
nokosimeiics karm. O0beM Karumu 0bu1 9,3 MK, Bpemst cTabmimmzanuu — 60 c. Tlorpenr-
HocTh m3Mepenus PKYC 0 ve npeppimana 5 %.

PE3YJIBTATBI 1 OBCYXJIEHUE

HUccnenoBanne merogoM C3M TOHKOIUIEHOYHBIX HAHOCTPYKTYp cucTeMbl Al-Fe/ctekio
nmokaszano (hopMHpOBaHHE CYOMHKPOHHON KOHYcOOOpa3HOi mMopdomnorun. M3MeHss ycio-
BUS HAHECEHHS CIUIaBa (BPEeMsS M PEKUM OCAXKICHHs) ITONYYCHBI TUICHKH Pa3MIHON TOJI-
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IIMHBI C pa3HBIMU 3HaueHusiMu mepoxoBatocth u PKYC. Pesymbrarsl aHaIMTHYECKOTO
ananm3a momy4deHHpX C3M naHHBIX TPUBEICHBI B TA0J., BKITFOUas 3HAUCHHUS 0.

3HayeHus1 NapaMeTPOB, ONUCHIBAIOIINX MOP(OJIOTHIO, IEPOXOBATOCTH M CMAYMBAEMOCTH
CTEeKJITHHOM MOJI0KKH M INIEHOK ciiaBa Al-1,5 aT.% Fe, ocaskaeHHBIX Ha CTEKJI0

O6pasen | ¢,4 | U,kB | R,um | R,,HM Ry Riu v k107 | 6,°
Crexmo | - - 0.17 | 022 | -0.40 | 403 | 123 | 004 | 220
3,0 — 22,87 37,70 2,66 17,13 1,13 2,90 51,90
ALFe 60 | — 2111 [ 4092 | 405 [ 3069 | 126 | 6,10 | 51,60
6,0 3,0 23,42 36,98 2,27 12,28 3,13 1,20 78,20
10,0 3,0 38,52 58,33 2,07 11,45 1,33 3,20 81,90

[TomyyeHo, 4TO B peXHUME MACCUBHOTO OCAXICHUS HEUTPaIbHOTO MOTOKAa aTOMOB Me-
Taja, TeHEPUPYEMOTO HOHHBIM HCTOYHHKOM 0€3 BKIIFOUEHHS YCKOPSIOMIETO HAMPsKeHUs
Ha JepKaTelb MHIICHH, cpeaHeapr(METHIecKasi MIePOX0OBATOCTh OCTACTCS MPAKTHUCCKH
HEW3MEHHOMW, COCTaBIISiI B CPeIHEM OKOJIO 22 HM, 4To B 129 pa3 Beimie R, CTEKISTHHOU
MOJUIOKKHU. B pesysbraTte U3MEHEHUs pekrMa OCaXIEHHs, KOTJa METAIMUECKUE MIICHKU
CIUIaBa OCa)/IAIOTCs Ha CTEKJIO MPH YCKOPSIOIIEM IMOTEHIMalle Ha MmuiieHu B 3 kB, Ha-
OmomaeTcs TOBBINICHHE CpenHEapH(PMETHICCKOH  MIEpOXOBATOCTH, IOCTHTAIOIICH
38,52 uM mocnie 10 4 HaHECEHUS B YCIOBUSIX HOHHOTO aCCUCTUPOBAHMUS.

PesynbTupylomiye rucTorpaMMbl paclpeieieHns BbICOT/BIIaJMH HEPOBHOCTEU TJICHOK
crmaBa Al-Fe mMmeroT sipko BBIpaKeHHBIH MakCUMyM H 10 (hopMme OIU3KH K pacrpenere-
Huto ['aycca. AHanu3 THCTOrpaMM C HCIIOJIb30BAaHHEM IAapaMeTPOB aCCUMETPUYHOCTH U
OCTPOBEPIIMHHOCTH IO3BOJISIET OLEHUTH TO, HACKOJIBKO TOYHO IKCIIEPUMEHTANIbHBIE THC-
TOTPaMMBbI CTEKJISTHHOM TMOJUIONKH M TUIEHOK allpOKCUMHUPYIOTCA (YHKIHMEH TIIOTHOCTH
BEPOATHOCTH f{z) HOpMallbHOTO pachpeseneHus. [IpuMepoM HaMMEHBLIETO OTKIOHEHUS
pactipeneneHus penbeda MOBEPXHOCTH 0o0Opaslia IO BEICOTE OT HOpMaimbHOTro (Ry =0,
Ry, = 3) sBisiercs cTekio, cM. Tabll. B To ske Bpemsi HabtoJaeTcss aCCHMETPHSI THCTOTPaMM
TUICHOK B O0JIACTH MOJIOKUTENBHBIX 3HaUeHUH z (Ry, = 2,07—4,05), 4TO CBHUIETENBCTBYET O
00JbIIEM YHCIIEe JIOKABHBIX MAaKCUMYyMOB OTHOCHUTENBHO CpenHeil JuHUH mpoduis mo-
BEPXHOCTH 10 CPaBHEHHUIO C rayccoBbIM pacnpeaeneHueM. ClieyeT Takke OTMETUTb, YTO
TIPH TIOBBITIICHUU Ry mapametp Ry, pactet. Haubosnbmmm skcieccom (Ry, = 30,69) xapak-
TepU3yeTCs TOHKAs MJICHKA, TTOJyYeHHAs MOCcye TACCHBHOTO OCAXKIICHHS B TeUeHHUE 6 .

3HaueHHsT KpaeBOro yriia CMauyMBaHUS AUCTHJUIMPOBAHHOW BOAOHM MOBEPXHOCTH ILjIe-
HOK, c(hOPMHUPOBAHHBIX MPH MOHHO-ACCUCTHPOBAHHOM OCQXKJCHHHU, AOCTHratoT 80° U BbI-
1€ B OTJIMYHE OT IJICHOK, OcaXIeHHBIX pu U = 0, 111 koTopbix 0 =~ 52°. HecMoTps Ha TO,
YTO HaHECCHHWE IUICHOK ciuiaBa Al-Fe He3aBHCHMO OT ycnoBUE (POPMUPOBAHUS CHHKAET
CTENeHb TUIPO(GUILHOCTH MOBEPXHOCTH CTEKIITHHON mojuioxku (0 =22°), oOHapykeHO,
gyro B cinydae U =3 kB npu Bpemenu ocaxkaeHust 6 u penumuunHa PKYC ckxaukooOpaszHo
yBenmuuBaercs Ha 52 % mo 78,2° mo cpaBHEHHIO C MTACCHBHBIM OCaXICHHEM 0e3 oOiyde-
HUS, XOTA YBEJIMUYEHHUE IEPOXOBATOCTH IUIEHKU HE3HAUUTENBHO U cocTaBisgeT 11 %.

Ha ocHOBaHMM NOJY4YEHHBIX PE3yJbTATOB MOXKHO 3aKJIIOYHUTh, YTO HCIOJIH30BAHHE
TOJIKO aMIUTUTYAHBIX MMapaMeTPOB HEIOCTaTOYHO, YTOOBI OMUCATH allepUOJUYHOCTD dJe-
MEHTOB HAaHOCTPYKTYPHI IUICHOK M HCCIEAOBATh BIMSHHE penbeda WX MOBEPXHOCTH Ha
cpolicTBa cucremsl Al-Fe/crexno. Koppensnuonnas ca3p Mexay mapaMmerpamu R, u R,
TaKOBa, 4TO KO3((UIMEHT MPONOPLUUOHAIBHOCTU KojeOneTcs B mHTepBaie 1,7-1,9 pas
JUId IUIEHOK, HAHECEHHBIX B YCJIOBHAX IaCCUBHOI'O OCAXIEHUS, CHWXKAsCh O 3HAYCHUM
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1,5-1,6 pa3 mociie MOHHO-aCCUCTHPOBAHHOTO OCAXXAEHWs. B wrTore Ans JaHHOW TPyIIBI
00pasIoB MmpH BEIOOPKE 71 =4 MOIYYIEHO, YTO BEIOOPOUHBIA KOI(DDHUIIMEHT perpeccuu pa-
BeH 1,25, a BuJ BEIOOPOYHOrO JTMHEHHOrO ypaBHEHUs perpeccuu R, = 1,25R, + 10,27 (xo-
a¢dument xkoppessiuuu [Iupcona »=0,96) oTiinyaercss OT U3BECTHOT'O COOTHOIICHHS JIJIS
rayCCOBCKOH CIIy4ailHOW TMOBEPXHOCTH HAJIMYMEM CBOOOAHOTO WieHa. CpaBHEHHUE 3HAYe-
HUH mapaMmeTrpa Y U MOBEpXHOCTEH, ocaxaeHHbIX npu U=0 u 3 kB, cBUIETEILCTBYET O
TOM, YTO U3MEPEHHbIE [UIs IUIEHOK 3HAYEHHsI JOCTATOUHO XOPOLIO COBHAAAI0T, HAXOSCh B
uHTepBase 1,26—1,33, u Onu3ku K 3HaUeHHIO \y = 1,23 CTEKISHHOHN MOAJIOKKH, 38 UCKITIO-
YeHHEM IUJICHOK, HaHeceHHBIX B TedeHue 3 4 (U= 0) u 6 u (U = 3 kB). B nepBom cnyuae B
0eCIOTEHIIUAIBHOM PEKUME BEIMYMHA JAaHHOTO MapaMeTpa, XapaKTepH3YIOIIEero COOTHO-
IIEHHE IIaroBBIX ITapaMeTpoB Mpo¢wisi, yMeHbInaeTca Ha 11%, a Bo BTOpoM ciydae MpH
MOHHOM AaCCHCTHPOBAaHHM BO3pacTaeT 3HAYMTENbHO Ha 154%. ['mOpuaneii mapamerp A
IJIEHOK HEMOHOTOHHO M3MEHSAETCS MpU pocTe UX IiepoxoBaTocTd. C yBelIMYEHHEM JUIH-
TEJILHOCTH MPOLIECCa OCAXKAEHUS, a 3HAUUT, U TOJILUHBI IJICHKH, 3HAUCHUE k IOBBIIIACTCS.
B T0 ke Bpemst Ipu IIPUIIOKEHUH yCKOPSIOIIEro MOTEHINAIa BeUINHA k cHIDKaeTcs. [Ipu
TOM, 9TO MaKCHMaJbHOE 3HaueHue k = 6,10-107 COOTBETCTBYET CITy4ar0 OCAKICHUS TIJICH-
K4 B TeueHue 6 4 npu U=0, B pe’xuMe NOHHO-aCCUCTUPOBAaHHOI'O HAaHECEHUs CIIaBa MOJy-
YEeHHOE TOHKOIUIEHOYHOE TOKPBITHE XapaKTEpU3yeTcs HAIPOTUB MUHUMAJIbHBIM 3HaYCHU-
eM k=1,20 (=6 u npu U =3 kB). YBenuuenue 3HaueHUit 000MX mapamMeTpoB R, U k A
ieHkH, ocaxxaenHoi 10 4 npu U = 3 kB, mo-BuauMomy, cBS3aHO ¢ 00pa3oBaHHEM MHKPO-
KaIeNbHON (ppakimu ocakgaeMoro cruiaBa. Kak m3BecTHO, pa3Mep Kameimb M HX KOHIICH-
Tpalus 3HAYUTEIBHO BIUSIOT HA IEPOXOBATOCTh MOKPBITHSI.

BrimonHeHHbli  ananuTHdeckuil aHanmu3 C3M-u300pakeHUH MOBEPXHOCTH CHCTEMBI
Al-Fe/cTexno n n3ydenne cMaduBaHUs IICHOK TO3BOJIMIIN ONIPEICTIUTE MPOIOIBHEIE (IIIa-
TOBbIE) U TONEpEeYHbIe (aMIUTUTYIHbIE/BBICOTHBIE) XapaKTEPUCTUKUA T€OMETPUU TOBEPXHO-
CTH IUICHOK, BKJIIOUasl MapaMeTphl-0e3pa3MepHble KOMIUIEKCHI, U BBIIBUTH KAaK 3BOJIOIHS
HaHOCTPYKTYpPhI IOBEPXHOCTH BIMSIET HA €€ CMAauMBaeMOCTh P HOHHO-aCCUCTUPOBAHHOM
HAaHECEHUU MOKPBITUH. OOHapyXKeHO, UYTO IUIEHKH C OJMHAKOBBIM R, MOTYT NpOSBIAThH
pa3Hble MOBEPXHOCTHBIE CBOMCTBA. MOXHO clienaTh BBIBOJ, YTO, €CIM MPU YBEIUUEHUU
CpPEIHETO 11ara MECTHBIX BBICTYIIOB, KOI'/Ia PACTET PACCTOSHUE MEXKIY BEPIIMHAMU COCEJ-
HUX IIMKOB, paclpeesieHe HEPOBHOCTEN 110 BBICOTE COXPAHAETCS U MX aMIUIUTYJla U3Me-
HSETCS HE3HAYUTENBHO, TO CTEIEeHb THAPOo(GOoOHOCTH TOHKOH IuteHKH ciniaBa Al-Fe Bos-
pacraet. OHaKO, yMEHBIIEHHE CPEJHETO 11ara MECTHBIX BBICTYIIOB BMECTE CO CHIDKEHHEM
CpEeIHero Imara HepOBHOCTEH MPO(UISI MpU «HEHM3MEHHOM)» YaCTOTHOM COCTaBE IIEPOXO-
BaTOCTH HE MPUBOIHUT K OOJBIIEMY PAaCTEKaHHIO KAIUTH BOJBI M 3aKOHOMEPHOMY CHIKE-
HUIO CTENEeHU THAPO(GOOHOCTH IJICHOK, HallpUMEp, CM. CIIy4all MacCCHBHOTO PEKUMa OCax-
JeHus npu ¢ =6 4 B Tabn. Xapakrep 3aBucuMoctd PKYC or R, yka3bIBaeT Ha MeTacTa-
OWJILHBIN TeTEPOTCHHBIA PEKUM CMadnuBaHU TUIeHOK ciuiaBa Al-Fe Bomoit u onmceiBaeTcs
monensio Kaccu-bakcrepa. [lo-BuaumMoMy, 3T0 0OBICHSET HETHHEHHYIO CBS3b MEXKIY aM-
IUIUTYZ0H HEPOBHOCTEN MOBEPXHOCTH U CTEIEHBIO €€ CMAYUBAaEMOCTH, IIOCKOIBKY BOJA HE
3aII0JIHSET BCE MOJIOCTH HaHOpenbeda M3-3a HANW4Ms BO3AyXa B yriayoneHusx. Ilpu stom
3aKOHOMEPHOCTH M3MEHEHHS pelbeda MOKPHITHI, OOHApY)KEHHBIE IIPH MACCUBHOM OCaX-
IeHnuH (CM. M3MEHEHHE TapaMeTpoB W U k B TabJ.), CBHICTEIBCTBYIOT O TOM, YTO TUICHKH
HaXOATCS Ha pa3HBIX ATalax pocTa B 3aBUCUMOCTH OT BpeMeHH HaHeceHus. KomOuHanus
MEXaHU3MOB OCTPOBKOBOTO U IOCIOWHOTO pocTa IUIEHOK mpu ¢ = 6 4 (U= 0) npuBoauT K
TOMY, YTO POCT BBICOTBI OCTPOBKOB ITPOMCXOAUT MEIJIEHHEE, YEM YBEIUUYEHUE IIPOJIOJIBLHO-
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ro pa3mepa. Poct koHTakTHOTO yria 0 s koHcTpyknuidi Al-Fe/cTexiio, momydeHHbIX Me-
TOJIOM HOHHO-aCCHCTHPOBAHHOIO HAHECEHHS B YCJOBHSX CaMOOOJIYYCHUS U XapaKTepH-
3yroImuxcsi 6o1ee OTHOPOTHBIM pelabe(oM, MOKET OBITh JOIOJHUTEIBHO O0YCIOBIICH He-
OJJTHOPOHOCTBIO TIOBEPXHOCTHOT'O OKCHJIHO-THJPOKCHHOTO CJIOS, T€TepPOreHHble 00JIacTH
KOTOPOTO MMEIOT Pa3JIMuHbIi XMMHUYECKUI COCTaB, TaK KaK IIPU KOHTAKTE BOJHOMN KaIliu C
MOKPBITHEM BEJIMYKMHA KPAeBOrO yIjia CMAuyMBAHUsI 3aBUCUT OT KoHUeHTpauun OH-rpynn
Ha [TOBEPXHOCTH.

3AK/IIOYEHUE

OBoyronHs CyOMUKPOHHOW KOHYCOOOpa3HOW MOpP(HOJIOTH TOHKUX IIJICHOK CIUIaBa
Al-Fe, oca)kIeHHBIX Ha CTEKJIO MIPU aCCHCTHPOBAHUH COOCTBEHHBIMH MOHAMH U 0O€3 accu-
cTHpOBaHus, u3ydeHa Metogamu C3M u mokosimeiics kammu. CoueTanue 000UX METOIIOB
MO3BOJIMIIO, BBHITIONHUB aHAIWTHYSCKUH aHann3 C3M-u3o0pakeHuid ¢ UCIOIb30BaHUEM
mapaMeTpoB miepoxoBaTtocTd ctaHgapToB MCO, a Taxke MOMOJHUTEIBHBIX MapaMeTpOB-
0e3pa3MepHBIX KOMIUIEKCOB, OIYYUTh HHPOPMAIHIO 0 MOP(OIOTHH U TONOTpauu CHC-
TEMBbI METAJIIINYECKOEC HOKpLITI/IG/HOIUIO)KI(a, YHUCJIICHHO OLICHUTH CTPYKTYPHO-
MOP(OIOTHYECKIE N3MEHEHHSI B 3aBHCUMOCTH OT YCJIOBHI OCAKICHUS M U3yYUTDH BIMSHUC
ITOBEPXHOCTHBIX HEOJHOPOTHOCTEH Ha CMavMBAIOIINE CBOWCTBA MOKpEITHi. Cpenneapud-
METHYeCcKasl IIepOXOBaTOCTh IUIEHOK ciuiaBa Al-Fe m3mensercs B mHTepBaie ot 21 1o
39 umM. Ilo cpaBHEHMIO C TACCHBHBIM OCAXKICHUEM 0€3 00JIydIeHHUs BO BCEX CIydasX HOHHO-
ACCHCTHPYEMOTO OCaKACHHSI 3apETUCTPHPOBAHO (hOPMHUPOBAHHE TUICHOK C Pa3BUTON TOMO-
rpaduell moBepxHOCTH. [IpH yBeNWYEHWH TONIIMHBI TUICHKH CTEIICHh HEOXHOPOIHOCTH
penbeda CHMKACTCS C YMEHBIICHHEM IIOJHM aHOMAJbHBIX BBICTYIIOB HA MOBEPXHOCTH. B
pesynbTare npu ¢ = 10 u (U = 3 kB) pacnpenenenue peiabeda uMeeT OIU3KUA K UealbHO-
My TayCCOBBIA XapakTep. PocT mepoxoBaTOCTH NPUBOANT K YXYIIICHHIO CMaYMBAEMOCTH
IUICHOK, YTO YIOBICTBOPUTEIBHO OIKCHIBACTCS TETEPOTCHHBIM XapaKTEPOM CMadHBaHHS
TUIEHOK Boaoi. OOHapyKeHHBIE B JaHHOH paboTe 3aKOHOMEPHOCTH CTPYKTYpOooOpa3oBa-
HUSI TUICHOK aJTIOMUHISI, JISTUPOBAHHBIX JKEIIE30M, MOTYT OBITh MCIIOIB30BAHBI IS YIIPaB-
JICHUSI CBOHCTBaMH TOHKOIUICHOYHBIX CTPYKTYpP, B YaCTHOCTH IIPOTHO3MPOBAHMS HX CMa-
YHBAaEMOCTH.

Pabora BeIMONHEHA Tipu (QHUHAHCOBOHM Tomuepskke mporpammbl ['TIHU «®usnyeckoe
MaTepualloBeIeHUe, HOBbIE MaTepualibl U TexHosoruw» (2016-2020 rr., moamporpamma
«MarepuanoBeieHHE U TEXHOJIOTHH MaTepuasoBy, 3aganue 1.40, Ne I'P 20161123). ABTo-
pot Omaromapuer O. I'. Booposuuy (BI'TY) u 1O. C. fAxoenko (BI'TIY) 3a momomb mpu
MOJIy4€HUH 00pa3LioB METOJAOM HMOHHO-aCCUCTUPOBAHHOI'O OCAXKICHUS U MPOBEIACHUU U3-
Mepenuit merogamu C3M u mokosinieics Kariy.
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IJNEKTPOOPMUBNYECKHUE XAPAKTEPUCTUKHN HAHOPA3MEPHBIX
IIVIEHOK MEJIH, NOJYYEHHBIX INPAMBIM OCAXKIEHUEM
N3 MOHHBIX ITYYKOB

E. B. Teaew, H. 1. 'yrenko

Benopyccruii eocyoapemeennuiil yHugepcumem uHpOpMamuKy u paouoieKmpoHuKiL,
I1. bpoexu 6, 220013 Munck, benapyco, e-mail: etelesh@bsuir.by

[IpoBeneHo mccnemoBaHme BIMSHAS YHEPTUH HOHOB MEIU U aproHa Ha CKOPOCTh HaHe-
CeHUsl, yAeIbHOE 00BEMHOE COTPOTUBIICHUE U TEMIIEPATyPHBI KOA(P(GHUIIMEHT CONPOTHUB-
JICHUSI HAHOPa3MEPHBIX MEIHBIX IUICHOK. Y CTAaHOBJICHO, YTO CKOPOCTh HAHECCHHUS CHIDKA-
Jach MPH YBEIMUYCHUN HAIPSDKEHUS Ha quadparme. Y IUICHOK, HAHECEHHBIX Ha KpeMHHe-
Bble MOJIOKKH Tipu U, > 50-60 B, nmen mMecto pe3Kuil pocT yJaelbHOro 0OBEMHOTO CO-
npotuBieHus. Habnromanock MOHOTOHHOE CHHXKEHHE TEMIIEpaTypHOTO Kod(QUIMEeHTa
COIIPOTHBIICHUS TPU YBEIMYEHUN SHEPTHH HOHOB B IYYKE, YTO OOBSCHIETCS HATHYHUEM
IDIIEKTPUIECKOM MPOCTIOHKH Ha TpaHUIAX 3ePeH MEIH.

Knrouegvle cnroea: VOHHBIN TyUOK; SHEPrUs MOHOB; MEIHbIE IUICHKH; dJIEKTpodu3nye-
CKHE XapaKTePUCTHKU.

CHARACTERISTICS OF NANOSIZED COPPER FILMS PRODUCED BY
DIRECT DEPOSITION FROM ION BEAMS

E. V. Telesh, N. D. Gutenko

Belarusian State University of Informatics and Radioelectronics, P. Brovki 6, 220013 Minsk, Belarus
Corresponding author: E. V. Telesh (etelesh@bsuir.by)

A study of the influence of the energy of copper and argon ions on the deposition rate,
volume resistivity, and temperature coefficient of resistance of nanosized copper films was
made. It was found that the deposition rate decreased with an increase of diaphragm volt-
age. Films deposited on silicon substrates at Uy > 50-60 V exhibited a sharp increase in
volume resistivity. A monotonic decrease in the temperature coefficient of resistance was
observed with an increase in the energy of ions in the beam, which is explained by the
presence of a dielectric layer at the boundaries of copper grains.
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