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Abstract

The results of modeling the growth of a polycrystalline Cr film are
presented. The dependence of the surface morphology and mechanical
stress on the energy of the deposited atoms has been investigated. The
higher the energy of the deposited particles the more atoms penetrate
from the surface into the grain boundary and the greater the compressive
stress In the film. It was also shown that bombardment with Ar ions
Increases the compressive stress both during and after deposition.

Model

MopaenupoBanrde OBLIO OPOBEACHO C MCHOJIB30BAHHEM CBOOOIHOIO
MakKeTa IS KJIacCUYeCKou MojekyiaspHon auHamuku LAMMPS. Illar
MojJenupoBaHus Obl1 paBeH 1 ¢c. Baumoneicteue mexay aromamu Cr
3a7aBAJIOCH C ITOMOIIBI0 moTeHaaa MEAM, a B3aumoaeiicteue Ar/Ar u
Ar/Cr 3amaBamoch ¢ nomMomiplo norennuana ZBL. Jlng wumuranum
noJukpucTamindeckod mieHkd Cr, Haxoasiencss Ha HadaJlbHOM HSTare
pocta, ObuId copMupoBaHBl MOAYC(HEPUUECKHUE  OCTPOBKH  C
opueHTanueit (110) u paguycom 2 HM.
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Fig.1. Model before deposition: hemispherical islands before (a) and after
the formation of a thin layer of grain boundary (b), also bottom view (c).

Opnnako, ocaguB aromMbl Cr moBepx mnoaychep wu3 Cr Ha
MOHOKPHUCTAINYECKON Moaiaokke u3 Cr, Mbl HOJYYMIH OOUH LECIbHBIN
MOHOKpHUCTaAUI. [loaToMy Tmonycpepuyeckne KpUCTAUIMTHI  OBLIM
MIOBEPHYTHI JIPYr OTHOCUTEIBHO JPyra mo OCH CUMMETPHUHU Ha YIIIbI 45° U
90° (puc.l). IloBopoT caemaH mJIsl TOro, YTOOBI IIPH OCAXKICHUM 3€pHA HE
CpacTalMCh, a POPMHUPOBATIN PA3YIOPSATOYCHHYIO MEK3ECPECHHYIO I'PAHUILY.
Ha OOKOBBIX TpaHSIX o00JacTH MOJCIUPOBAHMSA ObLIM  3aJaHHBI
[EPUOJINYECKHUE TpPaHUYHbIE YCIOBUS. HwKHHM CJIOM aTroOMOB B
noirycepax ObUI 3aUKCHpOBaH. /s HMCKIOYEHHS CKBO3HOTO IIPOJICTA
OCaXJIa€MBIX aTOMOB IIPOCTPAHCTBO MEXKY 3€pHAMH Ha BBICOTE YETHIPEX
aTOMHEBEIX cj0eB ObLIO 3amomHeHo aromamu Cr (puc.l.b). Hmxamii cioi
3TOM TPYyIIbI aTOMOB ObLI 3a()MKCHPOBAaH, HO TOJBKO IO OCH Z, B
pe3ylbTaTre 4Yero II0CJIE NIPOBEACHUS  IPOLEAYPbl MHUHUMM3AIUHU
CBOOOJHOM HSHEPrUM OHU MEPECTPOUIINCH, C(HOPMHPOBAB  HAYAJIO
MEK3€pPCHHOM I'paHUllbl. IITOTHOCTh 3alOIHEHUS 3THX YETBIPEX CJIOEB BO
MHOTOM OIIpeeiisaiia 3HAYEHUE UCXOJHBIX HanpsDKEHUU B IUICHKE. llepen
IPOBEACHUEM OCAXJICHUS BO BCEHM MOCIM 3ajJaBajlaCh TeMIeparypa
paBHags 300 K w mnpousBogunace mnpoueaypa penakcauuu. Ilpu
IPOBEICHUN OCAXACHHUS, B YETHIPEX aTOMHBIX CJI0SX HaJl (DMKCHPOBAHHBIM

cinoeM ObL1 3a1aH TepmocTat 300 K.
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Fig. 2. Surface morphology and stress in a Cr film depending on deposition energy.

Ilocine ocaxaeHus ¢ 3Hepruer 3 3B mepoxoBaToCTh MOBEPXHOCTH cocTasisieT 0,45
HM, B TO BpeMs kak npu 10 sB u 15 5B ona pasna 0,3 am u 0,21 HM COOTBETCTBEHHO.
BeposTHO, 5TO 00YCIOBICHO TEM, YTO aTOMBI, OCAXKIACHHBIC ¢ OONBIICH YHEPTHUEH, OyIyUH
Ha MOBEPXHOCTH, OOJagalu OOJBIICH MOOABMKHOCTBIO, a TaKXe HMEIH OOIBIIYIO
BEPOSITHOCTh IIPEonoeTh Oaphep Opauxa-llIBoOens Ha kparo aromHOM cryrmeHu [1].
TakuM 00pa3zoM, 4eM BBIIIE€ DHEPrUs OCAXKIACHHOM YaCTHUIBI, TEM BBIIIEC BEPOSTHOCTD

TOI'O, UTO OHA JOCTHUI'HCT Kpasd CTYIICHH U CMOXKCT CIIYCTUTBLCI C HEE Ha CTYIICHb HHIKC.
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(@) Deposition time, ns (b) Deposition time, ns
Fig. 3. Effect of 30 eV Ar ion bombardment during (a) and after (b) deposition on Cr
film stress.

OnmcanHbpIe BBIIIC MPOIECCH BIMAIOT M Ha BEJIMYNHY HAIPSHKSHHUH B INUICHKE (pHC.2),
TaK Kak (popMHPOBAHNE CKUMAIOIINX HANPSDKEHUH CBSI3aHO C IPOHUKHOBSHHEM aTOMOB C
IIOBEPXHOCTH B MEX3EpeHHYIO rpaHuily [2]. bombapaupoBka moBepxHOCTH HOHAMH A,
10 BCCH BUJAMMOCTH, CIIOCOOHA CTUMYJIHPOBATh MX HNOABHKHOCTH, IIPH TOM KaK BO BpeMs

ocaxxaeHus (puc.3a), Tak u mocie (puc.3b).

Conclusions

PaccuutanHble B XOA€ MOJACIMPOBAHUSA 3aBUCUMOCTU BIIMSIHUS YHEPIUUA OCAKIAEMBIX
4aCTHUI HA MOP(OIOrHI0 MMOBEPXHOCTH Y HANPSKCHUS B MOJUKPUCTATINYCCKUX TICHKAX
Cr 10CTaTOYHO XOPOIIO COMACYIOTCS ¢ TCOPETHYECCKUMU JAHHBIMU, ITPEICTAaBIICHHBIMU B
muteparype. Ilonmydennele MD Moaenn NOMMKPUCTAINYCCKUX IIICHOK 00J1aaaroT
OOCTAaTOYHO €CTECTBEHHOM MEXK3ECPECHHOM TI'paHMIECH, MOP(MOIOrHEd IIOBEPXHOCTH U
OCTaTOYHBIMM HAIPSDKCHUSIMM, ITO3TOMY MOTYT OBITh HCIIOJIB30BaHbl B HAJILHEHUIINX

NCCJIICAOBAHUAX B KQUCCTBC UCXOAHBIX OOBEKTOB MOICIINPOBAHNAL.
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