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3. “"Cmpvkmypa u ceoucmea nokpeimu "

NOBPEXAEHWUE CTPYKTYPbl KPEMHUA 5
NMPU NOHHO-ACCUCTUPOBAHHOM OCAXXOEHWUU NOKPbLITUN

W.C. TawnbikoB, C.M. bBapaiwyk, O.M. Muxankosuy
Benopycckull 2ocydapcmeeHHbiil nedazoauqeckuil yHueepcumem,
220050,2. MuHck, Cosemckas 18, 226-48-06, tashi@unibel.by

B HacTosweit paboTe 06CYXAAKTCA pesynbTaThl M3yYEHUS KOMAIO3ULIMOHHOTO COCTaBa, NOBPEXAEHUS CTPYKTYPhI KDEMHUS,
MOAUDULMPOBAHHOTO MOHHO-ACCUCTUPOBAHHBIM HAHECEHWEM NOKPLITUIA B YCNIOBUSX CaMOOByYeHus.

BeepneHue

B3aumopenctane mMeTanmnoB C KPEMHUEM WHTEH-
CUBHO WUCCNEAYETCs, B CUNY BaXHOCTU ANSt U3roToB-
NEHUs1 3NEKTPOHHbIX YCTPOWCTB. MOHHO-accucTnpo-
BaHHOe HaHeceHue nokpbiTui (MAHIT) Ha KpeMHui u
Ha NOBEPXHOCTW u3Aenuid U3 apyrux martepuanos
npumeHsieTcs Ans moauduuupoBaHus pasHoobpas-
HbIX CBOWCTB NoBepxHOCTH usgenuit [1-3]. Mpu atom
U3BECTHO 4TO CBOWMCTBA MOAUMUUMPOBAHHOW NoO-
BEPXHOCTW BO MHOrOM ONpeaensiioTcs psgom dak-
TOPOB, CPEAN KOTOPbIX Takue Kak: 3NEeMEHTHbIA U
a30BbIVi COCTAB NOKPLITUA, WX CTPYKTYpa, aaresust K
noanoxke, Tonorpacgua u ap. [4-6]. Moatomy npu
NPOBEAEHUN UCCNEefOBaHWA NO HAHECEHWUID NOKPbI-
WA Heobxoauma AvarHoCTUKa NOBEPXHOCTU KOHCT-
pykuuu nokpeitue/nognoxka. B nactoswen pabote
obcyxpaloTcs pesynbTaTbl U3y4eHUs KOMMO3WLMOH-
HOTO COCTaBa, NOBPEXAEHUst CTPYKTypbl, Tonorpa-
UM NOBEPXHOCTU KPEMHUS, MOAUDULMPOBAHHOIO
VOHHO-aCcCUCTUPOBAHHBLIM HaHECEHUEM NOKPLITUA B
ycnosusix camoobnydenust (MAHMYC).

MeTtoauka akcnepuMeHTa

[na ocaxgenus metanncogepxawmx (Ti, Co)
NOKPLITUA Ha KPEMHWA B YCNOBUSIX WOHHOTO accu-
CTUPOBaHUA UCMOMb30BaNU PE3OHAHCHBIN UCTOYHUK
BaKyyMHOW AyroBo nna3mbl (Bakyym 10'2ﬂa) [7].
Tako#t meToa HaHECEeHUs MOKPLITUWA NO3BONSET COo-
BMECTUTL Npouecc U3NYECKOro HanbINEHUs Hen-
TpaneHOW dpakuum metanna ¢ obnydeHuem cop-
MUPYIOLLErocsi NOKPLITUA MOHAMU UOHU3VUPOBAHHOW
dpakuun Toro xe metanna. B HacTosiwem uccnepo-
BaHWUW yckopsilouee HanpshkeHue bbino 7 kB.

B kauyecTtBe noanoxku UCNONb3OBanu NNacTUHBI
(100) Si. OTHoLWEHWE NNOTHOCTU NOTOKOB UOHW3NPO-
BaHHON W HEeNTpanbHOW (hpaKUMKM OCaXAAEMOro Ha
NOANOXKY MaTtepuana npu HaHECEeHUW NOKPbITUA
coctaenano 0.2-0.4, CkopocTb 0caXAEHUsI NOKPbITUA
6bina 0.3-0.4 HM/MUH. JONEMEHTHbI NOCMNOWHbLIN
aHanu3 KOHCTPYKUUWA NNEeHKa/KpEMHUA BbINONHANW
ucnonb3ys pesepdgopaoBckoe obpaTHoe paccesHue
(POP) voHoB renus He®™ ¢ Eg = 2.0 MaB u komnbio-
TEPHOE MOAENUPOBaHUE 3KCNEPUMEHTANbHbIX CNEK-
TpoB POP no nporpamme RUMP [8]. Mpu npouecce
WAHI B pesynbTaTe nepeMeluMBaHWsi aTOMOB NoA-
MNOXKU U OCaXJaemoro NOKpbITUS B kackagax aTom-
HbIX CTONKHOBEHWUW, CO3AaBaEMbIX aCCUCTUPYIOLUMU
woHamn npu TopMmoxeHun B obnactn mexdasHon
rpaHnUbl, NOHATUE rpaHuUbl pasgena ga3 nokpbiTue-
noanoxka — ycriosHoe. lMoatomy Ans NOCTpoeHust
rmybuvHHbIX Npothuneil KOMNOHEHTOB U3y4aeMbiX
KOHCTPYKUWA Mbl UCMOMNb3yeM NOHATUE NOMNOXEHUS
ucxogHon nosepxHocTu nognoxku (MAMM), koTopoe
onpegensnM B 3KCNepuUMEHTax nNo npeasBapuTerb-
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HOMY nepen HaHECEHWEM NOKPbLITUS BBEAEHUIO WOH-
HOW UMnnaHTauven B 4acTb Si NnacTuHbl Xe Mapke-
pa ¢ 3neprven 10 unu 20, unu 40x3B MHTerpanbHbIM
notokom o1 1x10'* em? go 2.7x10'® ecm™. [ins uay-
YEHUS NPOCTPAHCTBEHHOrO pacnpeeneHuss paguva-
UMOHHbIX AedeKTOB B KOHCTPYKUMUSIX  NOKpPbI-
Tne/nognoxka npumeHsnu metog POP kaHanupo-
BaHHbIX MOHOB C 3Hepruen noHos He' 2 M3B u reo-
MeTpuUeih paccesiHUsi: yrnbl BneTa, Bbineta, u pac-
cesHns Bbinu 1 Il ' COOTBETCTBEHHO, a Takxke
meToauky [9]. Paspelwenune petektopa 6bino 25 k3B.
[o3a obny4eHuns kCeHOHa yTOYHANAChb HENnocpeacT-
BEHHO U3 3KCNEPUMEHTOB NyTEM WU3MEpEHUs croe-
BOW KOHUEHTpauuu umnnaHTuposaHHoro Xe. Benu-
YUHBI CpeaHero NpoekTUBHOro npobera anemMeHToB B
matpuue 6binu paccyuTaHbl NPU NOMOLUU KOMMbIO-
TepHow nporpammbl TRIM-89 [10].

Pe3ynbTaTtbl U X 06CyXAeHUe

JkcnepumeHTanbHble cnekTpbl POP noHoB renus
oT ucxogHoro (100) Si n MmoandUUMPOBAHHOTO WOH-
HO-aCCUCTUPOBAHHBIM HaHECEeHEM NOKPbITUSA Ha OC-
HOBE TUTaHa NoKasaHbl Ha puc. 1.
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Homep kanana
Puc.1. 3xepreTuueckue cnektpsl OP WOHOB renus c
E,=2.0 MaB: 1 — oT ucxoaHoro (100) Si; 2 — ot (100) Si,
MOAUPULMPOBAHHOIO UOHHO — aCCUCTUPOBAHHBLIM HaHece-
HWEM NOKPHLITUA HA OCHOBE TUTaHa.

OHepreTtuueckus cnektp OP woHoB renus oT uc-
xoAaHoro obpasua KpeMHUA UMeeT XxapaKTepHbi BUA
cTyneHbku B obnactu 226 kaHana no LuKane MHoro-
KaHanbHOro aHanusatopa. Kak BuaHO, NOBEPXHOCTb
KPEMHUSI UUCTas!, Ha HeW OTCYTCTBYIOT NpUMECH yr-
nepoAa v KUCNopoAa WMn UX KONMUYECTBO HWXE npe-
Jena 4yBCTBUTENMbHOCTU MeToAa No 3TUM 3nemeH-
Tam. Ha cnektpe POP WOHOB renusi oT CTPyKTypbl
MeTanncogepxaliee nokpbiTue/noanoxka, puc. 1,
KpuBas 2, HabnogaeTca CABUM CUTHANa OT KPEMHUS
B 06nacTb MEHbLUMX HOMEPOB KaHanos, CBUAETENb-
CTBYIOLWMUA O TOM, YTO Ha NOBEPXHOCTU KPUCTaNNoB
KpemHust obpa3syetcs TOHkoe nokpbiTue. CurHan,
umelowmincsa B obnactu 280 — 290 kaHanoB Ha cnek-
Tpax POP cBupeTenbCTBYET O Hanuuuu TuTaHa B
ocaxaaeMoM NOKpbITUKW, a curHan B obnactn 345

e apyce
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KaHana roBopuT O HanMyuu HebonbLIOTro KonuyecTsa
KCEHOHa, MMNNAHTUPOBAHHOIO B KayecTBe mapkepa
B KPEMHMWA. XapakTep 3HepreTUYecKux ChnekTpoB
MOHOB renua oT MoauUUMPOBaHHBLIX 0Opa3LoB
KPEMHUA (YBENUYEHUE CUrHana BbIxo4a Ha cnekTpax
POP B 06nactn100 1 150 kaHanoB) CBMAETENLCTBY-
eT O NPUCYTCTBUW B OCAXAEHHbIX HA KPEMHUIA No-
KpPbITUSIX aTOMOB yrnepoaa M kucnopopaa. Mosene-
HWe yrnepoaa v Kucnopoga B nokpbiTuax obycnos-
NEHO HanWyuem B MULLEHHOW Kamepe A0CTaTOYHOro
KONUYeCTBa OCTATOYHbIX rasoB, CoAepXalmx yrne-
poA U KUCNOPOA, KOTOPbIE, OYEBUAHO, OCAXKAAKTCA B
npouecce (OPMUMPOBaHUA CTPYKTYpbl TOHKAas NNéH-
Ka/KpeMHWiA Ha €& NOBEPXHOCTb.

AHanu3 cnektpoB Ha puc. 1 NokasbiBaeT, yYTo B
obnactn 222-226 kaHanoB uMeeTcs CTyneHbka. Eé
nosiBneHue otpaxaeT TOT akT, YTo B COCTaB no-
KPbITUA OCaXAaemMoro Ha NOBEPXHOCTb KPEMHUEBOTO
obpasua, BXOAAT aTOMbl KPEMHUSRA, KOTOPbIE BLIXOAAT
Ha MOBEPXHOCTb (DOPMUPYEMOWN CTPYKTYpbl B pe-
synbtate Aucdysuu B npouecce pocTa TOHKOW
NNEHKKU noa uoHHon GombapanpoBkon.

Ha puc.2 nokasaHbl npounu NPOCTPaHCTBEHHOTO
pacnpeaeneHns KOMNOHEHTOB KOHCTPYKLMKM, nonyya-
€MOW NpPU HaHeCeHWN TUTAHOBOW NneHku Ha Si, Hes
BBEAEHHOro KCeHOHOBOTO Mapkepa (a) U ¢ Hum (6).

|

Z, uM
Puc. 2. PacnpegeneHue anementToB no rnybuxe B
CTPykTYpe Metanncoaepxauiee (Ti) nokpbitue/(100) Si,
copmupoBaHHbix: (a) — metogom MAHTYC, 6) ~ meToaom
WAHTYC Ha kpeMHWii ¢ NnpeaBapuUTENbHO UMNAaHTUPOBaH-
HbiM Mapkepom Xe (c 3Hepruei 10 kaB n uHTerpanbHbim
notokoM 3x10™ Xe/cm?).

(Mpodhune Ti xapakTepuayeTcs KOHLEHTpauuen,
CHuXatowencs ot 9 at % Ha nosepxHocTk, ao 1.5 art
% B obnactu mexdasHoi rpaHuubl cuctemsl. Bonee
Toro, aTtome! Ti nuaeHTudunumupyotca B Si Ha rnybuHe
105 HmM ¢ koHueHTpauuen ~0.03 at %, uto cBuae-
TenbCciByeT 06 UX pPaanmauMoHHO-CTUMYNUPOBaHHOM
Aucbdysuu Brnybe B npouecce HapacTaHua NOKpbI-
TUA nNoa pagvauMOHHLIM BO3AEWCTBUEM aCCUCTK-
pytowux noHos. Kucnopoa pacnpeaeneH B NOKpbITUK

HepaBHOMEPHO: ero KOHUEeHTpauusa BospacTaeT ¢ 10
aT % Ha NOBEPXHOCTM NOKPLITUA A0 25 aT % BONUan
MMM, a B KpeMHUKU, XOTA ero KOHUEHTPaUus CHU-
XaeTCA B HECKOMbKO pPas, HO OCTaeTCs BbilE, YeMm
koHueHTpauusa Ti. lpocdune C kayecTBEHHO nOZo-
6eH NPoCTPaHCTBEHHOMY pacnpeAeneHuto KUCnopo-
Aa B NOKPbITUM, OQHAKO €ro KOHUEHTpauus npumep-
HO B 2 pa3a Bbilwe. OAHaKO B NOAMNOXKE KOMUYECTBO
yrnepoaa B ~ 2 pasa HWXe KOnuMyecTBa Kucnopoaa
Ha conocTtasumoi rnybuHe. Npocune atoMoB BOAo-
poAa B NOKPbLITUA KAYECTBEHHO COrnacyeTca C npo-
CTPAHCTBEHHbIM pacnpeaeneHneM TUTaHa, OAHako
MX KOHUEHTPauus B NOKPbITUM HA NOPSAOK NO Benu-
YUHE BbllLE, HO paBHa HYNIO B kKpeMHuU. [ossnenvre
B n3y4yaemblx nokpbitusax O, C, u H Mbl cBsdbiBaem, ¢
ocaxaeHMeM Ha NOBEPXHOCTb NOKPLITUA B Npouecce
€ero pocrta COBMeCTHO ¢ aToMamu Ti yrnesoaopos-
HOW pakumnm m O U3 OCTAaTOYHOrO Bakyyma B mu-
WEHHON kamepe, OTkaunBaemon ANDDY3INOHHBIM
napomacnsHbiM HacocoM. OTMeTUM, YTO UCNOSb3yA
POP HeBO3MOXHO Hanpsamylo onpeaenuTb NpUCyT-
CTBUE BOAOPOAA B NOKPbITUN. BmecTte ¢ Tem, aak-
Hble O HanuuuM 3HAYUTENbHOrO COAEpPXaHWUs BOAO-
poaa B cucteMax U ero pacnpeaeneHun no noxpbl-
TUIO, MOMYYEHHblE NpU MOAENUPOBAHUM CMEKTPOB
POP nporpammoit RUMP, 6binu noateepxaeHsl Ha
Tex xe obpasuax B NPAMbIX HE3aBUCUMbIX 3KCNEpU-
MeHTax C MCNONb3OBaHUEM PE3OHAHCHOW S[AepHON
peakuun TH(15N,a)12C [11].

K ocobomy cBOWCTBY OCaXAeHWUS NOKPLbITUA Me-
Topom UMAHIMYC MOXHO OTHecTu obHapyxenHylo
paHee npu HGonee BbLICOKUX IHEPrUAX aACCUCTUpYIO-
LWKUX UOHOB BCTPEYHYIO AU dy3nUto aTOMOB KPEMHUSA
Yyepe3 MOKPbITUE TUTaHa Ha MOBEPXHOCTb hopmu-
pyemon cuctembl [12, 13]. pu 3TOM OTMETUM, YTO
KOHUEHTpauus Si He cnagaeTt no 3KCNOHEeHUWUanbHo-
My 3aKOHY, Kak MOXHO Bbino 6bl oxuaaTtb, ecnm 6wl
OBUXYLLEA CUMNON npouecca 3axBaTa aTOMOB Kpem-
HUA B NOKPbITUE ObINO aTOMHOE NepeMmeluMBaHue B
Kackagax aTOMHbIX CTONKHOBEHWUIA, @ OCTAETCA Npak-
TUYECKU NOCTOAHHOW MO TOMLMHE NOKPBLITURA, AOCTH-
raa 2 - 3 at %. Bo3aMOXHO, Takoe noBeaeHUe aTtomos
NoANOXKN CBA3AHO C OCODEHHOCTAMWU CTPYKTYph
MOKPbITUA, B COCTaBe KOTOPOrO MMEIOTCA HU3KOopas-
MEpHbIE BKNIOYEHUA METANNA, Tak Kak U3BeCTHO [14],
YTO NONUKPUCTANNMUYECKMe maTtepuanbl, B KOTOPbIX
[ONA MEX3EPEeHHON rpaHuubl BENWUKA, OTNMYAIOTCA
Anpdy3HON NOABUXKHOCTBIO ATOMOB HA HECKOMNbKO
NopsaKoB MO BEMUYMHE BbILLE, YEM B MOHOKpUCTan-
nuyeckux Matepuanax.

AHanuanpys MONy4YeHHblE Pe3ynbTaTbl OTMETUM,
YTO aTOMbl TUTAHa U KUCNOPOAA NPOHUKAKT B KPEM-
HUEBYIO NOANOXKY Ha ~ 20 HM rnybxe, ecnu B cuc-
TeMy noKpbITME/NOANOXKa NpeaBapuTENbHO BBO-
AUNCA MapKep KCeHOHAa. MoHbl Xe®, aBnssch Mapke-
pOM, ONpeaensioT NOMOXEHUE MOBEPXHOCTU UCXOA-
HOW noanoxkn. QuddyHanpys Ha bonbwyto rnybu-
Hy, atombl Ti yBnekaT 3a coboi aroMel kucnopoaa.
OTO MOXHO OBBACHUTE TEM, UTO NPU BBEAEHUU KCe-
HOHOBOrO Mapkepa B KPEeMHWEBOW NoAnoxke obpa-
3yloTcA AedekTbl, N0 KOTOPbIM U NPOUCXOAUT yCu-
NEHHOE MPOHUKHOBEHUE AaTOMOB MOKPLITUA, @ TaKxe
B3auMOAeiCcTBUEM Mexady cobOin aToMOB TUTaHa u
kucnopoaa. [pu 3TOM KOHLUEHTpaUMs KUCnopoaa Ha
CONOCTaBUMOW FNybuHe B KPEMHUU C BBEAEHHLIM
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MapKepoMm Bbile, 4yem B 0Opa3uax TONbKO C NOKpbI-
TMeM, puc.2aun 6.

Ha puc. 3 npeactaenewbl pacnpegeneHvs no
rnybuHe paavauMoHHbIX AEdEKTOB B KPEMHUM C BBE-
AeHHbIM Xe mapkepoMm (1), ¢ K0BanbTOBLIM MOKPbI-
TUEM Ha ucxoaHoM Si (2) n Ha Si ¢ Xe mapkepoM (3).

1l - —_—]
20 30 40 50 60
I’ ny6una, um

Puc. 3. Pacnpeaenenue koHueHTpauuu aedekTos no
rny6uHe B KpemHuu nocne: 1 - umnnaxTaumu uoHos Xe' ¢ E
= 40 k3B u pgolont 9+10™ cMZ 2 — TONBLKO WOHHO-
accuCTUPOBAHHOTO B YCNIOBUAX CAMOOGNyYEeHUA HaHECEHUA
Ti. 3 — MOHHO-aCCUCTUPOBAHHOIO OCaXAeHUA Ti Ha Kpem-
HW# C NpeABapUTENbHO UMNNAHTUPOBAHHLIM Xe.

OKCNEPUMEHTANbHO  PacCYUTaHHbIA  Npochune
AedeKToB COOTBETCTBYET TEOPETUYECKU MOMNyYeH-
HOMY no nporpamme TRIM. Tak AnA UOHOB KCEHOHA
C aHepruen 40 kaB cpenHui NpoeKTUBHLIM Npober u
ctparrnudr npobera coctaensoT RptAR,=27,1+7,1
HM. XapakTep MNOBpEXAEHUs CTPYKTYPbl KPEMHUS
npu ero MoaudUUUPOBaHUW, OTCYTCTBUE “NONOYKK”
Ha npogwune aedekTos, reHepupyembix hoHamu Co’,
KpuBaa 2 Ha puc. 3, CBMAETENbCTBYET O TOM, YTO
CMelleHHble B mMexaoy3nusa atombl Si auddyHau-
pYylOT Ha NOBEPXHOCTb U fanee BXoAAT B COCTaB Mo-
KpbITUA. MakcuManbHas KOHUEHTPaUUS CMeLEeHHbIX
M3 Y3noB aTOMOB KPEMHWA, MOMy4eHHas Npu UM-
nnaHTauum MoHoB Xe', yMeHbLUaeTca npu nocne-
AylouleM UOHHO-aCCUCTUPOBAHHOM HAHECEHUU KO-
6anbTOBOrO MOKPLITUA, YTO OBBLACHAETCA HaMU C
aKTUBauMen MUrpauMoHHbIX Npoueccos B rMybb U K
NOBEPXHOCTU KPEMHURA, 4TO TaKke cnocobecTeyer
BXOX/AEHUIO aTOMOB KPEMHUSI B MOKPbLITUE, C OOQHOW
CTOPOHbI, U MUTpALMN AaTOMOB KOMMOHEHTOB MOKPbI-
™A B rNy6b NoaNoXKK.

3aknwuyeHue
C ucnonb3oBaHWeM MeToaa pe3epdopAOBCKOro
06paTHOl'O pacceaHna B COYEeTaHUU C KaHanuposa-

HUEM WOHOB renua U moaenupyloulen nporpaMmmel
RUMP nonydenbl npocunu paanmaunoHHbix aedek-
TOB B KPEMHWUW NpU BBEAEHUM Xe& MapKepa U UOHHO-
aCCUCTUPOBAHHOM HAHECEeHWU TUTAHOBbLIX U kobanb-
TOBbIX NOKPLITUWA. YCTAHOBNEH KOMMO3ULUOHHBIA CO-
CTaB MOKPLITUA, B KOTOPble BXOAAT KPOME aTOMOB
MEeTannos aTtoMbl BOAOPOAA, yrnepoaa, kucnopoaa v
Kpemuus. OnpeaeneHo BNUSHUE paauauMOHHbIX Ae-
dekToB Ha AU @Y3NI0 KOMMNOHEHTOB MOKPLITUA B
rnybe NOANOXKW W aTOMOB KPEMHUSA B MOKpPbITUE.
Oudpy3ans KOMNOHEHTOB MOKPBLITUA B MOANOXKY
yCUNUBaeTCa Npu npeaBapuTenbHOM BBEAEHUU Xe
Mapkepa. Ka4ectBo noBepxHOCTU UCXOAHOTO U MO-
ANUUMPOBAHHOTO KPEMHUSA BbICOKOE.

YacTe maTtepuanos UCCNEAOBAHUA MONyYEeHa NPu
duHancoBou nognepxke benopycckoro pecnybnu-
KaHCcKoro oHaa hyHAaMeHTanbHbIX UCCNEAOBaHUN,
npoekTt ®06-300.
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DAMAGE OF SILICON STRUCTURE AT ION BEAM ASSISTED DEPOSITION

Igor Tashlykov, Sergei Baraishuk, Oleg Mikhalkovich
Belarusian State Pedagogical University, 18 Sovetskaya Street, 220050 Minsk, Belarus,
tel.. (017)226-48-06, tashi@bspu.unibel by

Metal-silicon interaction is investigated intensively because of its great importance for electronic devices fabrication. In our
work we have fabricated Me/Si structures (Me=Ti, Co) by method which we called self-ion assisted deposition (SIAD) technique
and have investigated composition and damage of silicon during process of SIAD. Titanium and cobalt layers were deposited on
(100} oriented silicon wafers using a resonance vacuum arc ion source. Substrate, silicon wafers, were floated to a negative
potential with respect to the source of 7 kV to accelerate the ion species. The composition of the deposited films and radiation
damage of silicon were investigated using Rutherford Backscattering Spectroscopy and Channeling of He" ions with Eo=2,0
MeV. RBS data for concentration against depth were compared with data from the RUMP code simulation. We have shown that
coating deposited on silicon include not only metal atoms but also carbon, oxygen, hydrogen and silicon (from substrate). The
defects in silicon generated by irradiation with Ti* and Co" ions are concentrated near the thin film and Si substrate interface.
But generally it is shown that damage of substrate depends on the procedure of Me/Si structure preparation. The interstitial Si
atoms, generated by radiation effect, diffuse at deposition of thin coating, both in a depth of a wafer, and in coating.
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