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I. Beryn

[TpoGnema ¢opmyBanHs MiK(pa30oBUX TpaHHIb Ha
MMOBEPXHAX MOHOKPHUCTATIYHOTO KpemHiro (c-Si) €
OITHIEIO 3 HAWBAXKIMBIMINX B MIKPOEIEKTPOHHIN TEXHO-
norii. MeToJ CKOIOBaHHSA Y BUCOKOMY BaKyyMi € OJTHIM
3 HaWKpammx Uil Oep)KaHHS BiTHOCHO PiBHOBaXKHUX
aTOMapHO-4MCcTHX 1OBepxoHb (AUIl) HamiBIPOBIiA-
HUKOBHX Ta [ICJICKTPUYHHMX KPHUCTATIB. XapaKTEPHOO
ocobumBicTio AUYII c-Si € iX eHeprermuHa HecTaOilb-
HicTh 1 (opMyBaHHS JBOBHMIPHMX HAArpaTtoKk B
NEepIIOMY MOHOWIAPI  MOBEPXHI  CKOJIOBAHHS IS
HacCHYeHHs PO3ipBaHMX KOBAJIEHTHUX 3B’SI3KIB 1 NPOSB
BHCOKOi aJicopOuiHoi akTtuBHOCTI. ToOTO B mepmiomy
MOHOMIAPi (B IUIOMIMHI CKOJIOBAHHS) MOJIMBI BiIMiH-
HOCTI B PO3MIIICHHI aTOMIB Ha MMOBEPXHi B IMOPIBHSAHHI 3
00’eMOM, SIK Pe3yNbTaT B3a€MOHACHUYCHHS PO3ipBaHUX
KOBAJIEHTHUX 3B’S3KiB Ha TIOBEPXHi, OJHAK 1€ MOXKJIBE
TUIbKKM B HajBucokomy Bakyymi (HBB) npu “Bigcyt-
HOCTi” ancop0aTiB, HACHUYYIOUMX pO3ipBaHi 3B’ S3KH.
3rigHo pe3yibTaTiB Audpakiii MOBUIBHHX €JIEKTPOHIB
[1] Ha noBepxHi ckomoBanHs c-Si(111) y HBB mpu
KIMHATHHX TemIiepaTypax (OpMyeTbcs JBOBHMipHA
HAJICTPYKTypa 3 MeTacTaOiIbHOI TrpaTkor  2x1.
CrabinpHa CTPYKTYpa MOBEPXOHb CKOMOBaHHS c-Si(111)
JocsiraeTeest mmicns Tepmoodpodok 'y HBB, mo nae
MOXJIMBICTh TOBEPXHI JOCSATTH OLIbII PIBHOBAXKHOTO
crany. [loBepXHs CKONIOBaHHS 1epeOyqOBYEThCS B HOBY
CTPYKTYpY, Popmyroun "Haarpatky" 3 HepioloM B CiM
pasiB OimpmmM, HiK 00’eMHHH (Tak 3BaHa CTPYKTypa
7x7). EnexTpOHHO-CHEPTeTHYHI BIIACTHUBOCTI ITOBEpPXHIi
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KPEMHIIO B3a€MOIIOB'sI3aHI 13 CTPYKTYpHUMH (Da30BHUMHU
nmepexogaMu, T.0. 3ajexarb Big aTOMHOI OyIoBH
MiK(a30BOi TpaHWI HAIMIBIPOBITHUKA 1 BH3HAYAIOTH
nporiecn (opMyBaHHS MiDK(pA30BHX TPAHUIL B Pi3HUX
cepeloBHIIaX.

inuét  psag  poOIT TPHUCBSIYEHO  TOCIiIKEHHSIM
aZIcOpOILIMHNUX TPOIEeCiB, Ta aacopOOBaHMX IIapiB Ha
MOBEPXHAX Si B PI3HUX I'a30BHX Ta PIAKUX CEPEAOBHIIAX
[2-5], ockinbku mporiec aacopOIii € OLIbII XapaKTSPHUM
NpOLIECOM  HAaCHYEeHHS  pO3ipBaHMX  3B’SI3KIB  Ha
MOBEPXHSAX CKOJIOBAaHHA C-Si B pealbHUX yMoOBax. B
poOOTI MeToJaMHu OXKe-eJIEKTPOHHOI Ta Mac-CHEeKTpo-
cKkoriit nocnimkeHo ¢opMmyBaHHS MiK(}a30Boi rpaHmIi
Ha TOBEPXHAX BHCOKOBAKYYMHHX CKOJiB MOHOKpHC-
TaTIYHOTO KPEMHIIO.

II. ExcnepuMeHTaJIbHUN KOMILIEKC Ta
METOAUKA €KCIIEPUMEHTIB

Kinernka QopmyBaHHS  MDK()a30BUX TIpaHHLb
nociimkyBanace Ha AUIl BHCOKO-BaKyyMHHX CKOJIIB
(10" Top) c-Si(111), Ha Bigminy Bix pocmimkens AYIT
MOBEPXOHb C-Si, OTPUMAaHMUX BHCOKOTEMIIEPATYPHUM
HarpiBom y HBB [1], Tta iomHMM OOMOapayBaHHIM
noBepxHi B [2]. Y Bumanky [1], sk Bimomo, BinOyBaeThCs
JIOJTATKOBa PEKOHCTPYKIIisl MmoBepxHi. Ha moBepxHiX c-
Si(111) mpu ckoJrOBaHHI BUHUKAIOTH JBOBUMIPHI IPATKU
2x1, sAKi TpU HACTYIMHHUX HArpiBaX TEPIUIATH (Ha30BHMA
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cTpyktypHuii mepexin y Si(111)-7x7 [1]). Ilpm

OUWIIEHHI  TOBEepXHI  IOHHUM  OOMOapAyBaHHIM
CHOCTEpIraeThesi Ne(eKTHICT CTPYKTYPH MOBEPXHi, T.3.
mopctkict.  OkpiM  po3muiieHHs,  BiJOyBa€eThCs

"3a0uBaHHA" aACcOpOOBaHUX aTOMIB 3 IOBEPXHI B 00'eM
KpUCTaly 1 3BOpOTHiM mporec audysii 3 o0'emy 10
MOBEPXHI BHACHIIAOK 10HHOI Tpsicku. ToMy oTpuMaHHsS
AUIl c¢-Si nuMu METOZOM € MpoOJieMaTHYHUM. 3a
nanumu OEC, HaBiTh mpH pO3MIICHHI NMOBEPXHEBOTO
mapy = 50-60 A, "CTOPOHHBOrO" KHCHIO 3aJIMIIAETHCS
=1-3 % [6].

ITepeBara metony HBB ckomtoBaHHS U1 OTpUMAaHHS

MOPSIAKOM aTOMIB y BY3Jax (CTPYKTYpPOIO), IO CIIPOIIYE
IHTEpIIPEeTAallil0 OTPUMAHUX PE3yJIbTaTIB.

OKke-CIIeKTPH MOBEPXOHb 3aIlMCYBAINCh B PEXUMI
mudepenmiroBantas dN(E)/dE npu po3ainbHii 3m1aTHOCTI
eHeproaHajizaropa THUIly LWIIHAPUYHE  J3E€PKaJIo
AE/E = 0,5 % 1 eneprii 30ymKyrounx eneKTpoHiB 3 keB
Ha JBOKamMepHOMy oxe-crektpomerpi 09MOC-2 'y
BaKyyMi 1x10® Top.  OcHoBHa  kamepa  Oxe-
CHEKTPOMETpa, Uil  KOHTPOJIIO  CKJIaly  Ta3oBOi
aTMmocdepu, JToNoBHEHa Mac-criekTpoMerpoM MX7304A
(puc. 1). Hnsa orpumanus AUYIl c-Si(111) xpucranm
CKOJIIOBAJIMCH 1O IUIOmMHax craiiHocti B HBB kamepi

Puc. 1. ®yHkIioHansbpHa 0JIOK-CXEMa YCTaHOBKHU JUIsi KOMILIEKCHOTO JOCIHIIXKEHHS TOBEPXHI TBEPIUX Tl
(HazBHCOKOBaKyyMHa Kamepa oxe-criekrpomerpa 09 MOC-2):

1 — HaJIBUCOKOBaKyyMHa KaMepa; 2 — IITaHra MaHimyiIaTopa; 3 — 3MiHHUHA 00'eKToTprMay (CKOJIIOIOYHMN
npucTpiif); 4 — ob'ekroTpuMau KapycenbHOro THiy; 5 — mwtinap Papazges ans BUMIpIOBaHHS CTyMy
€IIEKTPOHHOTO 30HIA; 6 — mo3uiioHep 3paska; 7 — Y®-mkeperno (kcenoHoBa iamma KcPM); 8, 17 —
aHaN3aTop MWIIHAPUYHE I3epKajio 3 aKCIalbHO PO3MIMICHOIO EIEKTPOHHOI rapMaToo (KaHal oxKe-
€JIEKTPOHHOI CIeKTpocKoTii); 9 — ionHa rapmara; 10, 11 — BTOpHHHO-€TIeKTPOHHUH TOMHOKYyBad (BDY-
6) Ta TPHOXCITKOBHI €HeproaHaiizaTop (KaHal €K30€JIeKTPOHHOI eMICiiiHOI crekTpockomil); 12, 25 —
JATYUK Mac-CIIeKTpomeTpa (KaHaa Mac-CIeKTPocKorii); 13 — exekrponHa rapmara; 14 — oryisigoBe BiKHO;
15 — 6nok >xuBnenns nammu (YUII-1); 16, 20, 26 — nBokoopauHatHuii oreHiiomerp I1JIA-1; 18, 19 —
JOKEpena J>KUBJICHHS 10HHOI rapMartu; 21 — OJOK Hampyru ajisl CITKM eHeproaHaiizaropa; 22 —
IiICUITIOBAY-TIEPETBOPIOBAaY  YacToTa-Hanpyra; 23 — BucokocralinizoBaHe Jpkepeno sxuBieHHs (BUII-
010); 24 — BucokoBoabTHHUI cTadimizarop (b5-24A); 25 — mac-criektpomerp MX7304A; 27, 28 — mxepena
JKUBIICHHSI €JICKTPOHHOI rapMaty; 29 — IBOKaHaJIbHA cucTeMa HammycKy rasiB (CHA-2).

MoHokpuctamiyanx AYIl momsrae mepmr 3a Bce B
MOJKJIMBOCTI TOYHMHATH AOCHIIKEHHS OIpa3y XK IMIiCHA
oTpuMaHHs "CBKOI" "uMCcTOT TOBEepXHi in situ. OCKiIBKH
CKOJIFOBaHHSI, IPOBOJUTHCS NIPH KIMHATHIN TeMIIepaTypi,
To audy3is 00’€MHHMX JIOMINIOK 10 TIOBEpXHI €
Hee()eKTHBHOIO 1 Maiike MoBHICTIO BincyTHsa. Kpim Toro,
MOHOKPHCTaJIIUYHI MOBEPXHI CKOJIOBAaHHS 32 BHXITHHUMH
XapaKTEepPUCTUKAMH € HalOUIbII BiATBOPIOBAHUMH 1 MpH
KIMHaTHUX TEMIIEpaTypax CGHEpreTHYHO CTaOUIbHUMH 1
BU3HAUYCHUMH. EJIGKTPOHHUM 30HIOM IOCIiKY€ETHCS
meBHa (hkl) rpaHp KpucTamy i3 CTPOro O3HAYCHUM

OJ)Ke-CIIEKTpOMeTpa in situ B KOHTPOJIbOBaHIA Mac-
CIICKTPOMETPOM aTMocdepi 3aaumKkoBux rasis. Jlo-
CIII/KYBABCSI TAKOXK BIUIMB €JIEKTPOHHOI'O ONPOMIHEHHS
Ha TOHKOIUTIBKOBI IIOKPUTTST Ha MOBEPXHI c-Si.

1.1. ExciepuMeHTAIbHUIT KOMILTEKC.

JlociKeHHsT POBOAMIINCH B OCHOBHIN HAaIBHCOKO-
BakyymHii (HBB) kamepi ekcnepuMeHTaIEHOTO
KOMIUIEKCY Ul “JOCIIJUKEHHS eJEeMEHTHO-()a30BOro
CKJIaay TOBEpXHI TBEpAMX T, pamialifHux ¢i3uKo-
XIMIYHUX TpoIeciB Ha TOBEPXHI Ta  MPOIECIB
(opmyBaHHs Mik(DazoBUX TpaHUls’. DYHKIIOHATHHA
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Omok-cxema KoMmIiuiekcy 3 Horo HBB xameporo
npuBeaeHa Ha puc. 1. Komruiekc 3i0panuii Ha 0a3i oxe-
eIeKTpOHHOTO  chekTpomerpa Tumy 09MOC-2 3
BMOHTOBaHMMH, KpiM  CEpiHfHOr0  KaHaly  OXe-
€JIEKTPOHHOT criekTpockortii (8, 17), kananamu:

—  Mac-cneKkTpomerpii  (Mac-CHEKTpOMETp  THITY
MX7304A) (12, 25);

— KaHaly Hamycky rasiB (6amonm Ar, O,, CO Ta
JIBOKaHaJIbHa cucTeMa Harycky CHA-2);

— (OTOENEeKTPOHHOT ~ CreKTpocKomii  (KCEeHOHOBa
nmamma KcPM-IT 3 hv=28,43 eB, moHOXpomarop Ha
mudpakuiiHii rpatmi MYM-1 (1,55-6,2 eB) (7, 15);

— EeK30eJeKTPOHHOI (MeXaHO-, (OTO- Ta TEPMO-
CTHMYJIbOBAaHHUX) EMICIfHHX CIIEKTPOCKOIIH ITOBEpXHi
(10, 11).

JlocimimKeHHsT TMPOBOAATBCS B yMOBAaxX BHCOKOTO
(momepemmst  (umtosoBa)  kamepa 107 Top)  Ta
Ha/BUCOKOrO (ocHOBHa Kamepa 10™ Top) Bakyymy, sKuii
JOCSITaeThCsl  Oe3MaciITHUMU 3ac00aMH  BiJIKauyBaHHS:
JBa [EOJdiTOBI copOmiiHi Hacocu I[IBA-1-2; nBa
MarHiropo3psani  miomai Hacocm HMJU-0,25 mis
mudepeHniiHOro BiIKadyBaHHS NONEPETHBOI IILTI030BO1
ta ocHoBHOI HBB kamep; Ta kpiocopOmiitHON By30I
(a3oTHa macTKa i THTAHOBI PO3MWIIOBATBHI CTPHIKHI) B
JaHII BigkadyBaHHsA ocHOBHOI HBB xamepu.

MiHiManpHi  TpaHWYHI  KOHIIGHTpAIii  XIMIYHHX
€JIEMEHTIB, sIKi PEECTPYIOThCSI HAa MOBEPXHI TBEPIAHUX TiJ
(ng)  MeTomoM  OXKe-eNEeKTPOHHOI  CIEKTPOCKOTii

CTaHOBIIATH 107 MoHomrapy (ng > 10" ar./em® — me
€KBIBaJICHTHO 00" eMHIM KOHIICHTPAIIISIM
n, > 10" ar./em?). Peectpye XimiuHI emeMeHTH 3

TOPSIIKOBUM aTOMHUM HOMEpPOM Z > 3, TIpH JIOKAJIBHOCTI
anamizy 20-30 MKM.

Jliarna3oHu MacoBHX 4YHCENl aTOMIB i MOJIEKYJ, SIKi
PEECTPYIOThCS METOJI0M Mac-CreKTpoMeTpii
(MX7304A): ocnoBHuii — 1+200 at. ox1. Macu, 10AaTKO-
Buii — 2+350 at. ox. macu. llopir wyrtnmBocTi Mac-
CHeKTpoMeTpa 1o aprony (Ar) — 7,5%x10™ Top, mpm
PO3ALIbHIM 3aTHOCTI JIHIN Mac-CIeKTpa —
1 ar. ox. macu.

MiHiMaJIbHI  KOHIEHTpaLii eIeKTPOHHO eMICiiHO-
aKTMBHUX Je(EeKTIB IOBEpXHI Ta IPUIOBEPXHEBOIO
miapy, CIHOCTEpeXyBaHI METOJOM EK30€JIEKTPOHHOI
eMiciliHOi ~ crekTpockomii cTaHoBIATE Ny > 10'°-10"
ned./em” (n, = 10'-10'° nedp./enr’).

1.1.1. Kanan mac-cnekmpockonii. bnok-cxema
KaHaJIy Mac-CIEeKTPOCKOMil HaBeaeHa Ha puc. 1. JlaTauk
Mac-criekTpoMerpa 12 3MOHTOBaHHWI uYepe3 MepexiTHuK
Ha ¢marni dyl00 ocHOBHOI kamepw, B MeXax MPAMOi
BHIMUMOCTI 3pa3Ka, PO3MIIIEHOr0 Ha 00'€KToTprMadi
kapycenpHOoro tumy 4. Ilin'emnanns mo HBB kamepu
ycranoBkun 09MOC-2 mac-cnextpomerpa MX7304A Ta
CHCTEMH HAITyCKy Ta3iB JIa€ MOXKJIMBICTh KOHTPOJIIOBATH
ra3oBy armocepy Kamepw, KpiM Toro, BuOpaHa
TEOMETpist  EeKCIEPUMEHTY JIO3BOJIIE  JOCIIKYyBaTh
mporecH JiecopOuii, 30KkpeMa, eleKTpOHHO- abo 10HHO-
CTHUMYJIbOBaHOI ~ IIpM  ONPOMIHEHHI  HPOMEHSIMH
chopMoBaHUMH BiAmoBimHO enekTpoHHOIO (13) abo
ionHOIO (9) rapmatamm. Mac-CIIEeKTpOMETp  THUILY
MX7304A npexncraBisie co000 MOHONOJBHHUN BapiaHT
KBaJIpyMOJBHOTO Mac-CIIEKTPOMETpa. 3 BHUXOLY Mac-
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CHEKTPOMETpa 25 CHUTHAIN MMOIaBaBCs Ha KoopauHaty "V"
JIBOKOOpAMHATHOTO moTeHIiomerpa [IJIA-1 26. s
KagiOpyBaHHS  YyTIMBOCTI  Mac-CHEKTPOMETpa  IIo
TOJIOBHIH JIiHII omopHOTO Ta3y (aproH) KamiOpyBaTbHHA
ras Haryckanu B 00'em ocHoBHOi HBB kamepu.

1.1.2. Kanan osice-eneKmpoHHoi CHeKmMpPOCKORil.
OyHKIiOHANTBHA O50K-cxema 0’Ke-EJIEKTPOHHOTO
cnekrpomerpa tumy 09MOC-2 Brmoyae B cebe
JUCIEPCIHHUN eHeproaHaizaTop THITy LMIJIIHIPUIHE
n3epkano 3 (hOKycyBaHHSIM "BiCh-Bich" 13 BOYIIOBaHOIO
elekTpoHHOI Tapmaror 8§ (puc. 1). Kananm peecrpamii
OEC 17, 3a0e3medye aHanorose Au(epeHIiOBaHHS, IO
JO3BOJISIE  peecTpyBaTH  TudepeHmiioBaHi  KpHBi
€HEepropo3noaily  €JIeKTPOHIB, 3  BHUXOAOM  Ha
nBokoopanHAaTHUH moTenmiomeTp [1JIA-1 16. Kpim Toro,
CIIEKTPOMETpP J03BOJISIE  Bi3yalli3yBaTH IOBEPXHEBUI
penbed OociijpKyBaHuX 3paskiB (BHOpaTu "Touky') Ha
TEJIEMOHITOPI, SICKPaBICTh SIKOTO MOJYJIIOETHCS CTPYMOM
"mornuHyTHX" ENEKTPOHIB, 1 oTpumyBaTH (ororpadii
300paKCHHSI TOBEpPXHI B '"HMOTTMHYTHX" EJIEKTPOHAaX
(30inpLIeHHST  TIpOTOpIiiiHE  eHeprii  IEepBHUHHHUX
enektpoHiB (npu E, =3 keB, 36inbmenns x50). lonna
rapMaTta 9 3 mxepenamu kuBieHHsA 18, 19 3acTocoBy-
€TbCA UL OYHCTKA TIIOBEpXHI 11  pPO3MIICHHIM
npuckopennmu (E, < 5 keB) ionamu Ar'.

1.2. Mertonuka excnepuMeHTiB. 3pasku c-Si(111)
4,5 Om-cm KED posmipamu ~ 8x10x0,4 MM’ Bupizaucs
3 cTaHAApTHOI IUIACTUHU IPOMHUCIOBOTO KpeMHiro. s
OTPUMAaHHS TJIAJKOI MOBEPXHI CKOMy in situ, po3KOIO-
BaHHS KpHCTaja MPOBOIMIN 110 3a3/1aJIeTi(b HAMIYEHOMY
Ha MOBEpXHI 3pa3Ka CKpaidy anMa3HUM pi3lieM Ha
MOBITPi. 3aTHCHYTI B CHEIiaJIbHO BHICOTOBJICHI MIifHI
Jlemara 3pasku TpaHcnoprysanuck y HBB kamepy oxe-
criekTpomerpa i Tam (in Situ) CKOJIIOBAJIUCH CTaJLHOIO
TOJIKOKO IO JIiHII CcKpail0y, IpOBEJEHOrO B3IOBX
wronmau  (111). Kpewmniii Mae kyOiuHy rpaHeUeH-
TPOBaHy KpHUCTJIiuyHy TpaTKy THIIy aiMmazy 3
"mnomuHoro cnaitHocTi" (111), KoM Ha KOKHHUK aToM
Si, mpm CKONOBaHHI, PO3PUBAETHCA TIIBKH OJHWH
KOBAICHTHHUN 3B 30K IO SIKUX 1 CKOJNIOBAJNCH 3Pa3KH.
3rifHO pe3ynbTariB Iudpaxiii MOBUIBHUX €JIEKTPOHIB
Taki TMOBEPXHI  CTPYKTYPHO  BIOpPSAKOBaHi, T.0.
BimHOCATHCS 10 AUIT [1].

II1. Pe3yabTaTH Ta IX 00rOBOPEHHS

[Ipobmema dopmyBaHHS MiK(pA30BHX TpaHUIL Ha
MOBEpXHI ¢-Si € ONHI€ 3 HAWBAKIMBINIMX B
MIKpOENIEKTPOHHIM  TexHosorii.  MeromamMu  Oxe-
€JIEKTPOHHOI ~ Ta  MAac-CIEKTPOCKOMIH  JOCIiIKeHa
KiHeThKa (opMyBaHHS MDK(a30BOi TIpaHuWIl, Ha
MOBepXHsX ckoiroBaHHs c¢-Si(111), oTpumaHux y
BHUCOKOMY BaKyyMi, SIKi KOHTAaKkTyIOTb 3 aTMoc]eporo
3anumkoBux rasie HBB kamepu, koHTposmboBaHOT Mac-
CIEKTPOMETPUYHO.

2.1 Mac-cnekTpockomisi aTMocdepH 3aJMIIKOBUX
razis HBB kamepu. KinbkicHHii Mac-CrieKTpaibHHMA
aHa3 € MOJKJIMBUM BHACIHIZOK TOTrO, II[0 IHTEHCHUBHICTH
JMiHIA BCIX Mac B CHEKTPI € MPOMOPIIHHOW 10 ix
mapHialbHOTO THCKY y KaMmepi B obmacti ioHizarmii
CJIEKTPOHHMM TpoMeHeM. Y 3B'I3Ky 3  pI3HOIO
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e(eKTUBHICTIO 10HI3aIlil MOJIEKYJ, IMOSIBOIO OCKOJIKIiB,
0araTOKpaTHOK 10HI3AI[I€I0, IHTEHCUBHOCTI OCHOBHHX
MOJICKYJISIPHUX JIiHIH B Mac-CHEeKTpl cyMmimni rasiB
MOXYTh HE BIINOBiIaTH Oe€3MocepenHbO MapIiaIbHIM
TuckaM rasiB. Ilpm OomOapayBaHHI MOJIEKY) Ta3iB B
10HI3aTOPI CJIIEKTPOHAMH 3 CHEPri€r0 JCKiIbKa JECATKIB
eB (B MX7304A — 70 eB) BinOyBaeTbcs sk 10Hi3awis
MEPBUHHUX MOJEKYJ, TaK 1 iX MUCOI[iaTHBHA 10HI3aLis 3
YTBOPEHHSAM MOJISKYJSIPHHX Ta AaTOMHHX OCKOJIKIB.
Hanpuknan, mnpu OomOapiyBaHHI —€JIEKTpOHAMH 3
eHeprieto 40-100 eB Momekyn MeTaHy YTBOPIOIOTHCS
ionn: CHy4'(16) — 100%, CH;"(15) — 35,8%, CH,'(14) —
18,6 %, CH'(13) — 7,7%, C" — 2,4%, H,'(2) — 3%, a
6ombapayBanHsiMm CO yTBOPIOIOTHCS I0OHHM Ta OCKOJIKH:
CO'(28) — 100%, O'(16) — 0,9%, C'(12) — 4,5% [7, 8].

JUTSE MACOBOTO YHICTIA .
kji:Bjixki’ ()
ne k; — xoeillieHT YyTIMBOCTI MO TOJIOBHIN IiHii
cnexTpy; PBj BIZTHOLICHHSI IHTEHCHBHOCTI JIiHIi 3
MAaCOBHM YHCIJIOM j CHEKTPY JAHOTO ra3y i J0 iHTeHCHB-
HOCTI TOJIOBHOT JIiHil.

B po3paxyHkaX BHKOPHCTOBYBAJHCH  BiJHOCHI
Koe(illieHTH YyTIMBOCTI C; AJIsl TOJIOBHUX JIHIN Tra3iB,
JIOCTIKYBaHOI aTMOchepu:

c. =k /k,. 3)

ne ko — xoe(illieHT YyTIIMBOCTI MO TOJIOBHIM JiHil Jyis
ONMOPHOTO Ta3y; C; — 3aJCKHUTh TUIBKH BiJl THUILY
razoanamizaropa. KamiOpyBaHHA dYyTJIMBOCTI  Mac-
CHEKTPOMETpa MPOBOIWIN MO JiHii aproHy (M, ... = 40)

Taoanus 1.
[MapniansHi THCKH 3anunikoBux ras3is HBB kamepu
BoHI0 H, - 6,0-10” Top kncHio O, -2,0-10"° Top
MOHOOKHCY Byriaento CO -5,0-10” Top metany CHy -1,1-10"° Top
aprony Ar -4,5-10"° Top Byriekucioro razy CO, - 1,0-10"° Top
BoagHoi napu H,O -3,8-10"" Top

B pesynbrari OTpUMY€EThCS XapaKTepHHH Mac-CIIEKTp
3aJMIIKOBUX Ta3iB (Ui MeTaHy AMB. ()parMeHT Mac-
cnekTpy 12+16 a.0.M.), iKWl Ja€ SAKiCHY, a MPH MEBHUX
o0OpaxyHKax 1 KUIBKICHY XapaKTEepUCTHKY iX Hapiiiaib-
HHX THCKIB.

BpaxoByroun, mo Mac-criektp atmochepu HBB
KamepH (puc. 2), sSiKa CKIATAETHCS 13 CyMIII 3aTUIIKOBUX

L | co
B.O. H:
e
2 1618 2832 4044
M, a.0.M.

Puc. 2. Mac-criektp armocepu 3aTUIIKOBUX Tra3iB
HaJIBUCOKOBaKyyMHOL Kamepu YCTaHOBKH.
MMapmianpauii THCK CO 5107 Top.

rasiB, YTBOPIOETbCS BHACIINOK aAUTHBHOTO HaKJIaIaHHS
MAac-CIIEKTPIB OKPEMHX KOMIIOHCHTIB, TOJI I1HTEHCHB-
HICTb JIiHII Mac-CHeKTpy ra30BOi CyMillli, sKa BiJIOBiga€e
MacoBOMY YHCIIY j 3anumerscest [9]:

=21 =Xk, <P (1)

Ae I — iHTeHCUBHICTh NiHIH Mac-CHEKTpy i-TOro rasy,
sKa BIANOBiNae MacoBoMy 4Mciy j; P — mapuiansuuii
THCK 1-TOI KOMITOHEHTH CYMIIITi; N — YACIO KOMIIOHECHTIB
y cymimi; ki — koedilieHT 4yTIMBOCTI Ajd i-TOro rasy

3 BHKOPHUCTAHHSIM MAHOMETPHYHOTO IE€PETBOPIOBaYa
[IMU-27. TIpu npomy koedinieHT k BU3HaYa€THCSA SIK:
R Sl (4)
b
cxRy, x(P,—P)
e U,,, U; — IHTEeHCHBHOCTI JIiHiHM 3 MacoBUM unciiom 40
npu pisHEX THCKax Pp, Py, BimmoBimHO; R, — BXimHMiA
Omip TOTEHITIOMETpa BaKyyMMeTpa, C — BMICT Ar B
KaJiOpyBaIbHOMY Ta3i y BiTHOCHUX 00'€MHUX OJUHUIIIX.
I3 BHKOpHCTaHHAM  BiZTHOCHHX  KOE(]iIi€HTIB
YYTIUBOCTI OJEPIKYEThCS CHCTEMa JIIHIMHUX DIBHSHb,
SIKa MOB’SI3y€ IHTEHCHUBHOCTI MiKiB 10HIB EBHUX a.0.M. Ta
nmapiiaigbHi THCKH T'a3iB 3 TAKUMH a.0.M.

IjzkoxéﬁjixcixPi, (5)

Ha puc.2 HaBeneHuwit wmac-criekTp atmocdepu
3anumkoBux razie HBB kamepu Ha ocHOBI sikoro,
PO3B’sI3aBIIM CHCTEMY piBHsHbB (5), OLiHEHI mapiiajibHi
TUCKH OKPEMHX T'a3iB Ili€i cymilni HaBeJieHi B Tadmui 1.

Huspka inTeHcuBHicTh miky 14 a.o.M., 3 ypaxy-
BaHHSM YYTJIMBOCTI MAac-CHEKTPOMETpa JO OCKOJIKY
N'(14) ta N,"(28) Ta NpHUCYTHiCTH OCKOJNKiB MeTaHy
CH,(16 a.o.m.), CH;"(15), a 3ra4uts i CH, (14 a.0.Mm.),
JTO3BOJISIE 3pOOUTH BHCHOBOK PO HE3HAYHI TMapiiaibHi
THcKkH a3oty N, y HBB kamepi. Ockinbku 3p03yMijo, 1o
B IIbOMY BHUNAAKy MiK 14 a.0.M. (aTOMHOTO OCKOJKY
N'(14) monexynsporo asory N, (28)) map 6u GyTu
Oinbir  iHTeHcuBHIKMM. Tomy mik 28 a.0.M. B Mac-
CIIEKTpi B OCHOBHOMY 3yMoBieHnii CO", a MOJIeKyIsapHi
CO Ta H, € OCHOBHMMH KOMIIOHEHTAMH 3aJIMIIKOBUX
razis.  HBB kamepu oxe-ciekTpoMeTpa, M0 €
XapakTepHUM Ul METalleBUX BaKyyMHHX Kamep, SKi
BiTKAYYIOTBCSI ~ MArHITOPO3PSJAHUMH  1OHI3aliHHUMH
Hacocamu. Hwusbpki mapuianbHi THCKH a30Ty N,(28)
3yMOBIICHI e€(pEKTHBHOIO i0HI3aIli€I0 (HI3bKIMH ITOTEHIIi-
amamu ioHi3amii N, ta N) Ta BigkauyBaHHSIM iOHi3aIliii-
HUMH MarHiTOpO3PsIAHUMH HACOCaMH.

TakuM YMHOM, OCHOBHUMH KOMIIOHEHTaMH aTOM-

0
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cepy 3aTUIIKOBUX Ta3iB i, BIAMOBIAHO, Ta3aMHU JI0 KX
excrionyBanuch AUIL, oTpuMyBaHi CKOJIIOBaHHSM in situ,
€ MOJIEKYJIIPHHHA BOJEHB 1 MOHOOKHC ByTJIeI0. Taxwii
CKJIaJ aTMOC(hEPH 3THUIIKOBUX Ta3iB € XapaKTEPHUM JIJIsI
HBB cucrem Oe3MmacisiHOi BiKaykd 3 MarHito-
PO3psIHUMU iOHI3aIlliHUMK Hacocamu [9]. 3ayBakuMo,
II0 MOJIEKYJSIPHHHA BOJIEHb INPHU KIMHAaTHUX TeMIlepa-
Typax Maibke He MpOsBIIIE ancopOLiitHOT akTHBHOCTI 10
moBepXxoHb ¢-Si [10].

2.2. Kineruka aacop0uii Ha mMoOBepXHAX HAJABHU-
COKOBaKYyMHHX ckoidiB c-Si. Kinernka QopmyBanHs

dN(E) .
dE .f.) ‘
{.JJ"‘" At -
Si
H\[u 92
/| ™
T4gy y 514
Si 22 0
i
Si
88
107
B
92
Si
! !
59 .. 510
/72 112 0
Siox | g4
50 100 200 300 500 550 ;.

Puc. 3. Cmektpu 0e-eNIeKTPOHIB IOBEPXOHb
(111) monokpucramigyaoro kpemuiro c-Si(111):
a) HaJBHCOKOBAKYyMHUH CKOJI (HBC)
(Pco = 5-10” Top); 6) ceikwmii ckon (CBC); B)
ctapuii ckon (CTC).

MiK(pa30BUX I'paHUIlb, & TOUHINIE BYIJIELEBO-KHCHEBHX
NOKPHUTH Ha MOBepXHsX ckouiB c-Si(111), oTpuMaHux in
situ, OLIHIOBajJach 3a 3MIHOK B Yaci CIiBBIJHOIIEHb
inTeHcuBHOCTeH oxe-mikiB I/Ig;, Io/ls;, Io/Ic. Ockinbku
“HoBumu” enmemeHntamu, ski Ha AUIT c-Si(111) gepes
TPHUBATHMHA MPOMDKOK Yacy ICIIS CKOJIOBAHHS PEECTPY-
FOTBCS, € BYTJICIb Ta KHCEHb, & OCHOBHUMH a/ICOPOIIHHO
aKTUBHAMH KOMITOHEHTaMH MJIsi HOBEPXOHb C-Si mpu
KiMHaTHUX Temneparypax € CO, O, H,0, CHs,.
BinmoBigHi KIHETHKH, OTPHMaHI Ha MPOTSI31 CEMH T'OJIUH,
MICJISE CKOJIOBAHHS In situ, IMpH MapiiiaJbHUX THCKaX
acopOIIfHO aKTUBHUX KOMIIOHEHT (amB. Tabu. 1) i ix
MPOMOBKEHHS (teen =27 TOH.), HaBedeHI Ha puc. 3.
Monekynsipauii Bogens (H,) He € apcopOuiifHO akTHB-
HUM JUIi YHCTHX TIOBEpXOHb C-Si Impu KIMHATHIH
temriepatypi. Tak camo sIK i repmaHiid, YUCTI KpeMHi€Bi
TIOBEPXHI a7cOpOyIOTh aTOMapHUH BOJIEHD 3 YTBOPEHHAM
nacuByrodoro Mosomapy [1,10]. "IlIBuaka" kinernka
agcopOmii 3 QopMmyBaHHAM MOHOIIAPY ancopOaTy
3aBEpIIyEThCS MPHONM3HO depe3 4 TOAWHU TICHA
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CKOIIFOBAaHHS, 3 BUXOAOM BigHomeHb Io/Is; Ha piBeHB
= LAx(IAs)* 1 Io/ls; — = 0,8%(Io/Is;)* Bim piBHS Bin-
MOBIMHUX BIMHOIICHb IS CBIKOCKOJICHHX ITOBEPXOHb.
Jliist IOpiBHSIHHS, [TPOBEACHHUI 0)Ke-aHali3 MOBEPXOHb C-
Si ckonoTHx in situ, 3pa3y x micis ckomoBanHs (AYID),
ceixockoneHnx (CBC), koyiu Yac eKCro3ullil Ha MOBITPI
teken, < 15 XB., @ TaKOXK EKCIIOHOBAHUX B JIAOOPAaTOPHOMY
CEPENIOBUIII TPOTATOM teee; < 3-5 ni0, MOBEPXOHb TaK
3Banux crapux ckoimiB (CTC) (puc. 4).

O’ke-CHIEKTpH ~ peaJibHUX  HOBEPXOHb C-Si 3
lo/1
07181
B.0. 3 a
3| * caieu ° —
cKoil 2 °
1
A
/g, 6
B.0O. -
4 * caiveuil
CRE
? 6
oL
A
1,0
lo/le
B.0.
08* . .
caicui e
cKon
0.6
04
0 L
A
ekost

Puc. 4. Kineruka agcop6iii CO Ha moBepxHi
HAJBUCOKOBAKYYMHOTO CKOIY (HBC)
moHokpucranigsoro Si (Pco = 5-107 Top).
3ipoukaMu TO3HAYEHI BIAMOBIIHI BiJHOIICHHS,
SIKi XapakTepHi Uil IOBEPXOHb CBIKHX CKOJIIB
(CBC) c-Si(111).

NPUPOTHUMH OKHCIIaMu Ta 3abpynuenHsmu, (CBC Ta
CTC), sKi He miaaBaIuCh I0HHOMY TPaBJICHHIO, a TUIBKU
nporpiBy npu Ttemmeparypax 650-700 K y Bucokomy
BaKyyMi MOPIBHIOBAIHCH 31 CIIEKTPAMH TOHKOILTIBKOBHX
MOKpUTH Ha oBepxHsx c-Si(111) ogep>kanumu in situ, Ta
AUIl (puc.4). XapakTepHUM IJIsI  OXKe-CIIEKTPiB
noBepxoHb c-Si(111), oTpMaHKUX CKOJIIOBAHHSM y BHCO-
KOMY BaKyyMi, € IHTEHCUBHHH IiK aTOMapHO-YHCTOTrO
kpemHito Si(92 eB) 0e3 Oynp-sKMX CIHIIIB KHCHIO 1
Byruento (puc. 4a). Ha nosepxusix c-Si(111) ckonotux in
sitt i TaM EKCIOHOBaHHX, aJCOPOYETHCS MPOTIAIOM
~ 4 roJH MOHOIIAPOBA ILIIBKA, KOMIIOHCHTAMH SIKOI €
KHCEeHb Ta BYyIJClb, 1 NP0 M0 CBIIYATh BHXIJ
sanexxHocredt Io/lg;, lo/ls; Ha HACHYEHHS TPH tege; > 4 TOX
(puc. 3). st noBepxorb CBC (teen < 15 xB.) Xapaktep-
HUMHU € TIKH KpPEeMHiI0 y ciabo3B s3aHOMY 3 KHCHEM
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crani: Si(Lp3VV)-nepexomu 3 eHericro 74-88 €B Ta
kucHio O(514 eB) i Byranemio C(272 eB) (puc. 46), a nus
noBepxoHb Tak 3BaHUX crapux CKOJIB (CTC) (teen < 3-
5 ni6) xapaktepHuMu € mika Si (59-84 eB), sxuit
nepeOyBae y CHIIbHO3B SI3aHOMY 3 KHCHEM CTaHi, a TAaKOX
KHCHIO Ta BYIJIELIO (pHC. 4B), 110 CBIMYUTH PO TOBOJIL
TOBCTHH IIAp MPHPOAHBOTO OKHCIY 1 BYIJICHEBUX
3a0pyaHeHb. HasBHICTE amcop0OOBaHOTO KHCHIO B
OUMBII YW MEHOIH Mipi 3B S3aHOTO 3 TOBEPXHIMH
ckomoBaHHS c¢-Si(111) miATBEpIKYEThCA SK TPHUCYA-
HicTI0O Horo oxe-mikiB O(508-514 eB), a Takox
3HaYHUMH 3CYBaMU B €HEPreTUYHOMY ITOJIOXKEHHI MiKiB
oxe-enextpoHiB Si(L,5VV) Big 92 eB (uis AUIl) B Gik
MEHIIUX eHeprii 1o - 59-84 eB [3, 4]. Tob6TO 3cyBamu B
01K OKe-TIepexo/IiB 3 yUacTIO BaJICHTHUX €JIEKTPOHIB, SIKi
3a0e3neuyroTh 3B'3kH Si-O Ta €JIEKTPOHIB OCTOBHOTO
L, 3 piena xpemniro (Si(Lp3VV)-mepexomu 3 eHepriero
59-84 eB) i1 "racimmaMm" oxe-miky Si(L,5VV; 92¢eB) B
3aJexHOCTI Bin crymeHs okucieHHs SiOy 1 ancopOuii
Byriemto C(272 eB) (puc. 4).

3poOuTH BHCHOBOK, 10 moBepxHs CBC "macuByerncs"
XeMOCOpOOBaHUM TOHKOTUTIBKOBUM MTOKPUTTSM
SiyOxCj.x.y. Buacmizok 4oro koHKypyioua ancopOuis
ByrieneBoBmicaux razie CO, CO,, CH; Ta iHmumx
BYTJICBOHIB, IPUCYTHIX B JabopaTOpHill aTMocdepi, Ha
nmosepxHi CBC kpemHif0 € 3HaYHO MEHIIOI0, HiK Ha
ckomax c-Si(111), orpumanux in situ (tadm. 2). 3miHm
BimHomeHHs: Io/Ic B waci (puc. 3B) g ckoiB in situ
CBIUUTH PO KOHKYpPYIOUy, HMOBipHO, amcopOuito CO
(Pco =5%10" Top) i Oy (Po = 2x1071° Top) 6e3nocepen-
HBO IIiCAs CKOJIIOBAaHHS, KoM BigHomeHHs Io/Ic
3MEHIIYETHCS MPH OJHOYACHOMY 3POCTaHHI BiJHOLIEHBb
Ic/1s;, 1o/l Ominenuit koedinient npumunanas CO 1o
noBepxui ¢-Si(111) mpu Peo=5x10" Top craHOBUT
oc=2,9><10"2. CrpaBeyIMBHiA BHUCHOBOK, IO IS TO-
BEpXOHb C-Si, OTPUMaHMX In Situ, € XapakTepHUM
(hopMyBaHHS BYIJICIIEBO-KUCHEBUX MOKPUTH a1copOaTiB.
OueBuHO, IO ancopOUiiiHI OCOOJMBOCTI IMOBEPXOHBb
CKOJIIB C-Si 3YMOBIICHI KPHCTAIIYHOI CTPYKTYPOIO i
XapaKTepPUCTHKAaMH  €JIEKTPOHHOTO  CIIEKTpy  HOro

Taoauns 2

KinbKicHMIA 05Ke-aHali3 TOHKOIUTIBKOBHX IMOKPHUThH Ha MOBEPXHIX MOHOKPUCTAIIYHOTO
KkpemHito ¢-Si(111). Moiesb ToHKOMTIBKOBOTO NOKPUTTS 3-Siy0yC_x .y

ekcrio3utii < 3-5 1i0)

Cxaaf EdexTiBHA TOBIIMHA TOHKOILTIBKOBOTO
3pazok TOHKOILTIBKOBOTO MTOKPHUTTSI, HM (TOBIIMHA MOHOIIAPY
MOKpUTTS, % Siyoxcl-x—y =0,25um [17])

c-Si(111), ckoneHuit y BUCOKOMY Si-37; O-19; C-44 0,25

BaKyyMi (Jac ekcro3. > 7 rof.)

¢-Si, ckoseHuit Ha MOBITPi (Yac Si-10; O-36; C-54 0,31

ekcrio3uttii < 15 xB.)

c-Si* ckosenwmii Ha IOBITpi (dac Si-32; O-32; C-36 0,64

ekcro3.) < 3-5 ni0) (ounmeHui)

¢-Si ckoneHuit Ha OBITPi ("Yac Si-13; O-11; C-76 0,87

[osepxni CBC c¢-Si xXapakTepu3ylOThCS MEHIIOIO
KUTBKICTIO aTOMIB BYTJICIIO B aJcOpOOBaHOMY mIapi, HiXK
MOBEPXHI CKOJIOTI in situ i3 COPMOBAHMM MOHOIIAPOM
MOKPHUTTS, Uil SIKOTO 3alpOINOHOBaHE MOJIENIbHE HOro
nojanns y Burisai  cymimi - SiyOyCiyy  (puc. 5).
[ToniOHe moaHHS 3yMOBIICHE THUM, IO TOBEPXHS CKOJIIO-
BaHHA c-Si(111) He € aTOMHO-TITAIKOIO 1 HA Hill IPUCYTHI
SK MTHATI, Tak 1 omymieni atomu Si [11] 1, Ak moka3yroTs
JOCTIKCHHS, ICHYIOTh OCOOJHMBOCTI y BIAaCTHBOCTSIX
TaKUX T[OBEPXOHb Iicisi (OpMyBaHHS TOKPUTH Ta
mik(pasosux rpanuib SiyOyCi.y.y/Si. Tomy "BOynosa"
BHACINIIZIOK aACOpOWiHHMX Ta JUQY3IHHUX MPOIECiB
BYTJICLIEBO-KUCHEBUX aJcOp0aTiB y BEpXHI aTOMHO-
HMIOPCTKUH 1map c¢-Si, 3 GOpMyBaHHSM SIKICHO BiIMIHHOT'O
TOHKOILTIBKOBOTO MOKPUTTS SiyOxC1_x.y 3 A€o0 iHmuMu
BJIACTHBOCTSIMH, LIIJIKOM MO>KnuBa. Oske-aHajli3 IMoBepXHi
TAaKOTO CKOJy, OTPHMAaHOTO in situ, HaBiTh MICIA
HacTynHoi ekcnosuuii cuctemu SiyOxCyxy/Si mpu Peo
=107-10" Top mokasye BimcyTHiCTh 3MiH y criBBiza-
HOIIICHHSX IHTEHCUBHOCTEH 0Ke-ITiKiB KOMIIOHCHT.

[TopiBHSAHHS BiIHOILICHb IHTCHCUBHOCTEH OXKe-TMiKiB
Ic/Is;, To/ls;, lo/lc mmss CBC Ta ckomiB in situ (mpu
copMoBaHOMY  MOHOWIapi ancopOary), J1O3BOJISIE

moBepxHi [1-5]. TloBepxHi CKOJOTI in situ i3 crmopmo-
BaHuM NOKpUTTAM  SiyOyCixy, €KCIOHYBaIUCh [0
naboparopHoi arMocdepu mpotsarom 15 xB. Oxxe-aHaii3
TaKAX NOBEPXOHB MOKa3ye, mo BimHomeHHs [o/Ig; 1 I¢/lg;
B 1,5 i1 4 pa3u, BiAMOBiAHO, OUTBII, HIX IS BHUXITHUX.
Jlis  HUX  CIOCTEpIraeThCsi MOAANbBIIC  3MEHIICHHS
Bigmomenns Io/lc , a omKe 30UIBIIEHHS KUIBKOCTI
syrnento. Tobro ma map SiyOxCiy.y, nomepenHbo
ajcopboBanmii in situ, agcopOyerbcs He kucens, CO,
CO, abo mapu H,O, sk mna CBC, a ByriaeBomHi
nmabopaTopHOi aTMocdepu (MeTaHOBa Tpyma Ta iH.).
Hosepxns c-Si "nacusosana” in situ mapom SiyOxCpx.y
cTae OUThII CHPUHHSATIMBOIO 1O 3a0pyAHEHb BYIJICBOJ-
HaMu. ToMy chpaBeaIMBUM € BHCHOBOK, IO JUISt
MOBEPXOHb C-Si, OTPUMAaHMX CKOJIIOBaHHSIM HaBiTh Y
BUCOKOMY 1 HaJBHUCOKOMY BaKyyMi, € XapaKTepHUM
(hopMyBaHHS BYTJIELIEBO-KACHEBUX MOKPUTH afcopOaTiB.
Ie HeoOXigHO BpaxOBYBaTH MPHU PO3POOII TOHKOILTIBKO-
BHAX HAHOCNEKTPOHHUX TEXHOJOTIH Ha OCHOBI KpEeMHIifo,
HaBiTh KOJIM BOHHM OPIEHTOBaHI Ha TEXHOJIOTIYHI IPOIECH
Y BUCOKOMY Ta Ha/IBUCOKOMY BaKyyMi.

OueBHIHO, IO BiICYTHICTh IUTIBKH aIcopOOBaHHUX
razie Ha AUIl micns ii omepxkaHHsS THM abo IHIIMM
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METOJ/IOM, MOXKHA TapaHTyBATH TLIBKA B TOMY BUIAIKY,
AKIIO0 TPHUBAJICTh EKCIIEPHUMEHTY, YW TEXHOJOTi4HOTO
LUKy € MEHIIOK 3a 4Yac OCADKEHHS OIHOrO Iiapy
(MoHoMIapy) arMocdepu 3anuIIKoBUX ra3iB. [IpakTuuHo
bOT0 MOXHA JocsrTH B ymoBax HBB npu P < 10 Top,
TIpH TPUBAJIOCTI ekcnepuMenTy = 0,5-1 roguna. B mpomy
BUMNAIKy YHCJIO YACTHHOK 3alIMIIKOBUX TIa3iB, SKi
JOCATAIOTh MOBEPXHI, CTAHOBUTH HE OUIBIIE JCKIUIHKOX
yactok MoHomapy =0,05-0,1. Ili Bumoru Jserko
OLIIHUTH, BUXOJSIYM 13 KIHETHYHOI Teopii rasiB, OCKUIbKU
KiTBKiCTh MOJIEKY, sIKi JocsraroTh 1 cM® moBepxHi 3a 1 ¢
(n, mom. em™ ¢):

P
n=—1/2=3,513-1022—1/2, (6)
(2mmkT) (T-M)
ne k — crana bonbimana, m — maca, a M — MoJIeKyJIIpHa
Bara monekyin, T — temmeparypa rasy (K), P — tuck rasy
B (Top). BiamnoBigHo, MiHiMaJIbHUN Yac HEOOXIAHWIT A1
(dbopMyBaHHS MOHOIIApy aacopbary Ha ITOBEPXHI 3pa3Ka,

(c):

P

= N N-(T-M)"?

o-n  a-3,513-102 P’
ne N — KUIBKICTh MOJIEKYJ] B IIUIBHO YIIaKOBAaHOMY
asicop0bOBaHOMY MOHOIIAPI, 0L — KOe(ilieHT MpUINIaHHs
MoJiekyn 1o moBepxHi (o< 1). fkimo Bci mocsrarodi
TIOBEPXHIO MOJIEKYJIM aicopOyIOThCs Ha Hiif, Toai o = 1.
Kinbkicte Monekysn N B TAKOMY MOBHICTIO 3aIOBHEHOMY
LIIJIbHO YNAaKOBaHOMY IHNAapi 3aJeXUTh Bl po3MipiB
a7copOOBaHNX YACTHHOK 1 CTAaHOBUTH MJISI MOJICKYII:
H,0, CH,, CO, npubmuzzo 5-10" em™; CO, Oy, Ny i Ar
=8-10" em? 1 Hy, He=2-10" cm? [10]. TIpu M = 28-
29 — "cepemHili MOJEKYINSpHIA Ba3i" OCHOBHHIX 3aJIHII-
koBux Traszie (CO, H,, N,) BakyyMHHX CHCTEM 3
Oe3MacisiHUMH 3aco0aMH  BiJKauyBaHHS 1 KIMHATHIH
TeMIepaTypi Ta NPUHMAOYM YHUCIO YAacTHHOK B
MoHomapi npu6nusHo pisHEM  8-10'%-2:10'° ar./em?,
oTpUMaeMo, 1o 3rigHo (7) 4ac GopMyBaHHS MOHOLIAPY
agcopbaTy MOKHA OIIHUTH SIK:

t, SERTEN S ®)
a

Yac ancopbmii monomapy (ty, ¢) € oOepHEHO
MponopIiiHNil THCKY 3anumkoBux raziB (P, Top). Tak
HamnpuKian, dYac axcopbmii MoHomapy mnpu o =1
CTaHOBHTH TPHOIM3HO 3 ¢ — pu P =110 Top, maibke
l roqmay (=51 xB.) — P= 107 Top Tta 8,1 romguau —
p=10" Top. Lle o3Ha4ae, 110 SKIIO BCI YACTHHKU rasy,
SIKi TOCATArOTh MOBEPXHI, MIHCHO “NPHIMIIAIOTL” 10 Hel,
TO Juis 1i 3a0pyIHEHHs Ha JeKiIbKa MPOLEHTIB MOHO-
uiapy agcopdary (0 =0,05-0,1 — cTymiHb MOKPUTTS) 3a
yac excnepuMeHty t = 0,5-1 ronnHa HEOOXiTHUN BaKyyM
1:10° =10 Top i xpammii. Xoua i MIPUITYICHHS
BITHOCATBCS [0 HAHOLIBII >KOPCTKUX HECHPHUATIUBUX
YMOB, OCKUTBKH O < 1, OHaK, BOHHM MalOTh CEHC, TaK SIK
0arato MoBEepXOHb HAIIBIPOBIJIHKUKIB JIETKO pearyloTh 3
BOJHEM Ta MOHOOKHCOM BYIJICHIO — OCHOBHHMM KOMIIO-
HeHTOM aTMocgepu 3anumkoBux rasis HBB kamep 3
Oe3MacinsiHUMHU 3aco0amMu OTpuMaHHS Bakyymy. Otxe,
Takl KOPCTKI YMOBH € CIpaBeUIMBHMH, 1 € mHOTpeda
JOTpUMaHHS BakyyMHHX ymoB — P =107-10""Top B
HAIIBOPOBITHUKOBHX HAaHO- Ta MiKPOEICKTPOHHUX

(7
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TakuM YMHOM, MiHIMaAbHUN Yac 3a SKHH MOXKE
chopMyBaTHCh MOHOIIAP aacopOaTy MpH MapLiaibHOMY
ticky CO 5-10° Top i o = 1 crasoBuTH = 7 XB. OfHAK, B
pealbHUX YMOBax eKCIIEPUMEHTY Iiell 4ac, 3HA4YHO
OinbIni, OCKiTbKH o << 1. 30kpema, 3a manumu [1,10]
s Ge 1 Si koedimient npuinnants O, CTaHOBUTH 10°7-
107, Ouinennii Hamu 3a popmymamu (5)-(7) Ta excrepu-
MEHTAJIBHUMH ~ KiHETHKaMu (OPMYBaHHS MOHOLIAPY
(z4rom) 3 Buxomom kpuBux Io/ls;, Io/ls, Io/lc Ha
HacuueHHs: 1t ¢-Si(111) mpu ancop6uii CO iHTerpans-
Huit o = 2,9x107,

ToOBIIMHM TOHKOIUTIBKOBHX IOKPHUTTH PO3Paxo-
ByBajach 3a pesynbraramMu OEC Ha OCHOBI MeTOIMKH
BIIepmie 3ampornonoBanoi B [12,13]. HeoOxigauM HaOIH-
JKCHHSIM Y I[[bOMY BHWIIQJIKy € T€, 10 MPH HASBHOCTI
KUTBKOX pI3HHX IIapiB aacopbaTiB Ha TOBEpPXHI
KPHCTay, KOXEH 3 HHX XapaKTepPH3YEThCS IEBHOIO
e(eKTUBHOIO TOBUIMHOK SIK HelepepBHAa T'OMOTeHHA
IiBKa. BHACHIIOK LBOro, HANPUKIAA, ISl aHANIZY
KOMITO3HIIii MOHOAJICOPOEHT — MOHOAACOPOAT TOCTATHLO
CHCTEMU [BOX pIBHSHb 3 SIKOi MOXHAa BHpPaxyBaTh
e(eKTUBHY TOBIIMHY HIapy ajacopbary. ToBiuHa Takoro
HNOKPUTTS  (KUIBKICTh ~MOHOIIApIB)  OLIHIOETHCA  SIK
e(eKTHBHA TOBIIMHA IOJLIEHA HA TOBIIMHY MOHOILIApY.
MonenbHe TpEeACTaBICHHS KBa3iMOHOIIAPOBOTO  I10-
KPHUTTSI HaBeleHe Ha puc. 5. Bubip moneni 3ymoBiieHO

aMmopdgHe
MOKPHUTTA

Puc. 5. MoxenbHe NPEACTaBICHHS KBa3iMOHO-
nrapoBoi Mixkda3oBoi rpanuii chopmMoBaHOi Ha
MOBEPXHI MOHOKPUCTaIIYHOTO KpemHioo: 1 -
kpuctan Si 3 mozemwno A(VsO) - uentpy; 2 -
wap axcopbary a-SiyOxCj.x-y (cucrema a-
SiyOxC1-x-y/Si).

THM, IO TOBEpXHsI ckomoBaHH: c-Si(111) He € aTromHO-
TJIAZKOI0 1 Ha Hi MPHUCYTHI SK MiTHATI, TaK 1 OMyIICHI
aTomH Si, a TAKOXK MalOTh MicIle ajcopOuiitHo-audy3inHi
MPOLIECH.

2.3. EdekTHBHA TOBIIMHA Ta KUILKICHUI KOMIIO-
HEHTHWIH cKJag Mixkdga3zoBux rpanunb. Ha ocHOBI
aHaiizy axacopOuiitnnx mnokputh Ha AUl c-Si(111)
meronoM OEC HEoOXigHO [IOMyCTHTH, L0 peallbHUM
MOBEPXHEBUI Map TPEACTABISIE COOOI0 CYMINI OKHUCIIB
kpemHuiro SiOy [1-5], i atomiB Byriemtoo Ha c-Si, TOOTO
nocmipkyerbest  cucrema  SiyOxCix.y/Si,  mpuuomy
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BepxHe  MOKPUTTA  SiyOxCpyy
amopdunm a-SiyOxCpyx.y [4,14].
SIKII0 B TOKPHTTI 1 MiAKIAAII MICTUTBCS OJHH 1 TOM
ke eneMeHT (Si) 3amaua YCKIIAJHIOETHCS,, OCKUIBKH B
CTPYM O0)Ke-€JIeKTPOHIB I[OT0 EJIEMEHTY Jal0Th BKJIA[
BIJITIOBIJTHO Bl CKJIAZIOBUX Yy HEBH3HAYCHIM MPOIOPIIIi.

MOKHa BBaXXaTu

Ane mpum aHami3i BUINE3raJaHOi CHCTEMH 3aaada
TIOJIETIIY€ETHCS THM, 1O mikianka c-Si i okucen SiyOyx
XapaKTEepU3yIOThCSl PI3HUMH EHEpTisiMH  OXe-MiKiB  Si
(92eB i 76 eB, BigmosimHO). ToMmy, amIITYyIu OXe-
KB JUIs CUCTEMHU NOKPUTTA — migknanka SiyOyCy.x.y/Si
MOXYTb OyTH TOIaH1 y BUTJISII:

Lsi76) = Naicmpy X Sgi X I, % (- eXp(_h/ksmé)))
[o =N xSy xI,, x(1—exp(=h/%,))

[o =N xS x1,, x(1—exp(—=h/A.)) )
Lsi00) = NSi(I’)p.) X Sg; X IAg x(1- eXP(_h”‘swz)))
NSi(m) + Ny + N =1
Nsighp) =1

ne N; — KOHIIeHTpaLii eleMeHTIB y BITHOCHUX OAWHHULIAX,
S; — BinnoBinHi KoeilicHTH eTeMEHTHOI Iy TIMBOCTI, I,
— aMIuliTyAa oxe-miky eranony (Ag), A;— BIAMOBIgHI
JIOBXKMHH BUIBHOTO MPOOIry 0XKe-eJIeKTPOHIB B MaTepiaii
MOKPHUTTS, h — TOBIIIMHA TOKPHBAIOYOTO IIApYy.

OCKITBKH ISl OLIIHKY TOBLIMHU MOKPHUTTSI BUKOPHC-
TOBYIOTBCSl aMILTITyJ¥ OXe-TiKiB, OTPUMaHi B OJHOMY

I exp(=h/ 7\'51(92))

Si(76)

I, xSg

UKl BHUMIPIOBAaHHS, TO MOXJIMBHM € BHKJIIOYEHHS
HEBIJJOMHX iHTE€HCHBHOCTEH I5, 1 HOPMyBaHHSA aMILTITYZ
oxe-mikiB I; Ha aMmuiTy Ry oxe-miKy migknaaku Igion). B
pe3yJbTari OTPUMYEMO PIiBHSHHS:

exp(=h/ k51(92))

X
Lsicon) I_l - eXp(—h/?x.si(%))J Lsi92) X So [1 - eXp(_h/}\'o)]

}><N

I xS o exp(—h/Ago))
L0 XSc [1—exp(-h/%A¢)]

HeBinomum mnapamerpom piBasHHs (10) € nrykana
TOBIIMHA T[MOKPHUBAKOYOr0 MiAKIaaky imapy h (am).
JloBkrHa BUTBHOTO MPOOIrYy 0XKe-€JIEKTPOHIB 3 Pi3HUMHU
eneprismu (76 eB), (92eB), (272eB), (508¢eB) y
Mmarepiani HOKPUTTS OTPUMYETHCS 3  BIIIOBIIHHX
piBHsHB [15], KiIbKICHUH CKJIa[ TIOKPUTTS B HAOIMKEHHI
TOMOTEHHOCTI ~ pPO3pPaxOBY€TbCS  METOAOM  UYHUCTHX
CTaHIAPTIB 3 MATPUYHUMH TToTIpaBKamu [15].

KinpkicHUI oOke-aHami3 CKIaay TIOBEPXOHb c-Si
NPOBEJCHUH HAa OCHOBI EKCIIEPUMEHTAIBHUX OXe-
criekTpiB. JIis 1bOTO BHUKOPHCTAHWKA METOJA YHCTUX
CTaHAapTiB 3 MAaTPUYHUMHK mompaBkamu [15], skuit
BIEpILE 3arporoHoBanuii B [16]. AHaii3 npoBeneHuit
BUXOJISIYM 3 YMOBH, LIO peajbHa MiK(a3oBa IpaHHIL
ABsie co00l0 aMOpdHy CyMill KpPEMHIIO, KHCHIO Ta
Byriemo — cucrema a-SiyOyCixy Ha KpemHii. Pos-
B'SI3aHHSI CUCTEMHU PIBHSIHB, SIKI IOB S3yIOTh aMILIITY U
OKe-TiKiB  KOMIOHEHT MOKpUTTS a-SiyOxCjx.,/Si Ta
TIMOWHU BUXOAY BiATIOBiAal0UYNX iM 03Ke-eJIeKTpoHiB (9),
(10) mo3Bommm OMIHUTHA €(EeKTUBHI TOBIIMHHA TOHKO-
WIHBKOBUX  NOKpUTh  a-SiyOxCi.xy,  NpHiAHABLIM
TOBILIMHY MOHOWAPOBOro NOKPUTTA SiyOxCi.xy PIBHOIO
0,25 um [17], a Ttakox ix ckiman. OtpuMani eQeKTHBHI
TOBIIMHKM TIOKPHUTH Ta iX CKJaJ HaBeleHI B TaOmuIl 2.

(10)
1

Si(hp)

Po3paxoBani eexTuBHI TOBUIUHH MTOKPUTH
a-SiyOxC|_x.y OTpUMaHi B IUIOCKii TOMOIeHHIA Mozeni, B
K CKIagHUN penbed MOBEpPXHI CKONOBAaHHS C-Si HeE
BpaxoBaHuii. ToMy, MOXJIMBO, OTPUMaHI AEMIO 3aBUIIEHI
e(eKTUBHI  TOBLIMHU  TOKPUTh. [IpHCyTHICTH B
MOKPHUTTSIX BYIJICLIO Y BEJIMKIA KUIBKOCTI MiATBEPIKYE
CKJIANHICTh pelbepy 1 BENUKY CQPEKTHBHY ILIOLLY
a7IcopOyIOUNX MOBEPXOHB C-Si, KA B IUIOUIMHI 30HIYyIO-
4oro mpomeHs 'cmpuiiMaeThcs" SIK TUIOCKAa. 3 TOi XK
NPUYMHH, OTPUMAHUH JIeI0 BUCOKHUI IIPOLIEHTHUI BMICT
BYIJICII0 B IOKPHUTTSAX HAa TMOBEPXHSAX CKOJIIOBAHHS C-
Si(111) in situ.

2.4.BniuB  eJeKTPOHHOrO ONPOMIHEHHS Ha
dopmyBanHs MikdazoBux rpaHunb. s YHUKHEHHS
BIUIMBY Ha KiHETHKY (QOpMyBaHHS MikK(]a30BOi rpaHUII
€JIEKTPOHHO-CTUMYJILOBaHHX  TPOILECIB, 3YMOBJICHHX
30HIyIOUMM IIPOMEHEM, KO)KHUI HACTYIIHUN OXKeE-CIIEKTP
3alMCYBaBCs B HOBIM Todlll MOBEpPXHI 3pa3ka 3
KOHTPOJIbHMM ~ 3allICOM  CIEKTpYy B TOYKax BXKe
30H10BaHNX. KpiM TOro, CTpyM 30HIYIOHOrO IPOMEHs
=0,5puA (= 10° A/M®) BuOMpaBCS MEHIIMM, HiX
rpaHudHe 3HaueHHA (= 1 HA) 3MiHH XapakTepy 3B'S3KY
azgcopOar-aJicopOCHT mpH  aAcopOIii  KHUCHIO  Ha
moeepxHsax Si(100) 1 Si(111) [2].
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Kinetnka elneKTpOHHO-CTHMYIBFOBAHUX IIPOIIECIB,
0 M[POXOMITh IiJ [I€0 30HAYIUOrO MPOMEHs
(E, =3 xeB, j, = 10’ A/M’, t < 70 xB) Ha nosepxusax HBC
c-Si(111), 3 mapom axcopboBanum y HBB i ekcrioHo-
BaHUX JI0 J1aboparopHoi atMochepu HaBeaeHa Ha puc. 6.

1./1...
LN 1
f'-
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2 [ime
1
[
B.(% s
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BO. [ W ;
“"2‘ Iw
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] M Aik il 1. XA

Puc. 6. Kineruka eneKTpoHHO-CTUMYJILOBAHHX IIPO-
IIECiB Ha MOBEPXHAX HAIBHCOKO-BAKYYMHOTO CKOIY
(HBC) c-Si(111), 3 ™oHomapom anacopbary,
chopmoBanum y HBB, ekcnoHoBanux 10 Jsabo-
paroproi atMocheph (texenos, = 15 xB). Crpiakamu
BKa3aHO XapakTep 3MIHM BIAMOBIAHHUX BiTHOIICHbH
IIPY €KCIIO3HUIIIT Ha MOBITPI.

[Ipotsarom nepmux 15 XB ONPOMIHEHHSI CIIOCTEPIraeThCs
"ouncTKa" TOBEPXHI BiA ajxcopOoBaHOro Imiapy i3
3MEHIICHHAM BigHomeHb lo/lg; Ta Ic/ls; (puc. 6). Ipu
LBOMY JecopOLlisi KHCHIO, aicopOOBaHOrO Ha IMOBITPI,
MPOJOBXKYETbCA TPOTAroM 35 xB. [Ipo 1€ CBIAYUTH
KiHeTuKa BigHOIICHHS [0/, a TakoXK eHepreTUYHUH 3CyB
niky Si(L,3VV) Bin 88 eB no 90 eB B mporeci omnpomi-
HeHHs. [lomiOHWMI XapakTep OYHMINEHHS BiTOMHHA IS
MMOBEPXOHb Si, MOKPUTUX TPUPOTHUM OKHCIOM SiO,,
OJIHAK y I[bOMY BHIIQJIKY BiH IOB'S3aHUI 3 IECTPYKII€IO
okucny (E,=2keB, j,=20A/M i E,=03-1xeB,
= 10°-10° A/m* [18]), a Takox CHOCTEpiraBcst HAMH Ha
CTC kpemnito. [Ipu npomy oxnum 3 (axTopiB, SKHA
JIMITY€ IBUAKICTh 3MiHH €JIEMEHTHOTO CKJIa/ly ITOBEPXHI
SiO; € nporec pecopOuii KUCHIO.

Ha Bigminy [6,18], me mnpomecw CTUMYJIbOBaHI
CJICKTPOHHUM TIPOMEHEM IIPUBOJSATH O HE3BOPOTHHX
3MiH Ha TOBEepxHI Si 3 TPHUPOAHUM OKHCIIOM, IO
croctepiranocs npotsroM 40 XB. Bil OYAaTKy OMpPOMi-
HEHHSI, Y HAIIOMY BHIIAJIKy CIOCTEPIra€ThCs HACTYITHHUN
picT ancop0oBaHOrO APy AN tompowin > 40 XB. Ode-
BUJIHO, OCTAaHHE 3yMOBIICHE IMepeOyI0BO Imapy a-
SiyOxCi.x.y, ancopbosaHoro Ha moBepxHi ¢-Si, MmO
ToB'si3aHe 3 TpaHc(hOpMaIli€lo 3B'SI3KIB, XapaKTEPHUX VIS
"mepBuHHOTO" ancopbaTy, miJ Mdi€l0 ONpOMiHEHHSA. B
pe3ynpTaTi Ha MOBEpPXHI 30UIBIIYETHCS KOHIIEHTPAIIiS
BUTPHUX HEHACHYEHHUX 3B'S3KiB, IO CIIPHSE MTOJAIBIIOMY
mepebiry agcopOmiHHUX MPOIECIB 3a YYacTIO MOJEKYI
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CO razoBoi armocepu HBB xamepu.

2.5. OGroBopennsi pe3yabTaTiB. JlocmimkeHHS
B3aemonii Ha moepxi c-Si(111) mnpu ¢dopmyBanHI
Mik(}a30Boi rpaHMIll y BUCOKOMY BakyyMi 1 3'sicyBaHHS
(ha30BO-EJIEMEHTHOTO CKJIaJy TOBEPXOHb 13 3aCTOCY-
BaHHAM MOBCPXHEBO-UYTIMBUX MeTOZ[iB, CIIpusd€ I1po-
rpecy KpeMHIEBUX TEXHOJIOTIH B raiy3i HaHO-1 MIKpo-
CJIEKTPOHIKH.

OueBuHO, IO BCi HaBeleHI BHIIE aJICOPOLiHHI
0COOJINBOCTI  NOBEPXOHb CKOJIB C-Si  00yMOBIEHI
KPUCTATIYHOIO  CTPYKTYpPOIO 1  XapaKTepHUCTHKaAMH
€JIEKTPOHHOTO CHEKTPy HOro moBepxHi. B kpemHii, 5K i B
IHIIMX HAMIBIPOBIAHMUKAX 3 aJIMa30I0i0HOI IPATKOI,
3B'I3KM MiXK aTOMaMH BHM3HAUYaIOTHCA TETPACIPUIHOIO
cHMeTpi€lo i MaioTh Sp -riGpuaHy KoMmosmmio. Bci
YOTHPH 3B'I3KM E€KBiBaJICHTHI 1 pIBHOHACHYEHI. Y TBOPEH-
HS BUIBHOI TOBEpXHI MpPUBOJUTH A0 BTpaTh Ha Hid
TeTpaepruyHOi CUMETpii 1 MOsiBM OOIpBaHMX BaJEHT-
HocTel (1o oxuil Ha atom Juis rpani (111)). HasBHicTh
OCTaHHIX BUKJIMKA€ CHJIbHE 30ypeHHs BCiX TiOpHIHHMX
3B'SI3KiB, M0 TATHE 3a COOOI0 3MiHY IX KOMIIO3HIIi i
OTHOYACHO TPWUBOAWTH OO 3HWKEHHsA eHeprii. Lle
00yMOBIIIO€ TIepeOynoBy rpaTtkn Ha moBepxHi (2x1) i
3MiHy €IIEKTPOHHOTO 1 (OHOHHOTO CIeKTpiB. B
pe3ynbTari, KOHLEHTpaLis MOBEPXHEBUX EJIEKTPOHHUX
cranis (ITEC) ma AUII c-Si e myxe Bucokoo — 10'-
10"° cm™, Bomm rpymyioThest B 8i 30mM TTEC, po3ineni
eHeprernunoro miiymHo0 0,2 eB [162] 1 Ha sxkux Big-
OyBaeThCs aCcOPOIIis.

3aJIe)HO Bifl TOTO, YMM € a1copOaT MO BiJHOILIEHHIO
0 c-Si JOHOPOM YH aKIIe[ITOPOM, BiH B3aEMOJIE 3
opOitansamu myctux abo 3anoBHeHux [1EC, 3menmnryroun
ix KOHUeHTpawito. Y BUMaaky crpykrypu 2x1 c-Si(111),
sIKa YTBOPIOETHCS IIPU CKOJIIOBAaHHI, B SIKOCTI a1copOIiii-
HUX IICHTPIB 3/1aTHI BUCTYIIATH K aTOMH i3 00ipBaHOIO S-
opOiTamTio (3alI0BHEHOI0) — IIPHIIITHATI, TaK i p-000I0H-
Koto (mycroro) — omymieri [1]. ToOto, sk AN KHCHIO
(axTHBHHI aKIENTOpP), TAK i MOHOOKHUCY BYTJIEIIO (JIOHOD
abo akuenrop) [19] icHye MOXIHBiCTH ancopOyBaTHCh
Ha TOBEPXHI CKOJNY KPEMHII0 3 YTBOPEHHSM MilHUX
ximiyaux 3B's3kiB. CnocrepexxyBaHa, 3rimHo OEC,
TEHJICHI[IS 10 CCJICKTUBHOCTI MOBEPXOHb C-Si BIIHOCHO
ajicopOLii KUCHIO, 3 TOYKH 30pYy €HEPreTUKH 3B'S3KiB, €
BUTIZHINIOD. ATOMHHMH pajiyc c-Si IpH YeTBepHii
KOOP/IMHALLIT i KOBAleHTHOMY 3B'A3Ky cTaHOBUTH 1,175 A
(iommwmit paxiyc Si*" — 0,39 A) [20].

BHacniiok Benukoro paziycy aromMa KpeMHIIO 3apsiz
Horo simpa eKpaHOBAaHWH, TOMY KpPeMHIH Ma€e TCHICHIIIIO
BiJTaBaTH CBOi BaJICHTHI €NIEKTPOHH, 30KpeMa, KUCHIO. Y
3B'SI3KY 3 IUM EJIEKTPOHETAaTHBHICTH KPEMHII0 3HAYHO
MEHIIIa, HDK y Horo HaiOnmx4yoro aHaiora BYIJICLIO 1
6nu3bka 1o takoi sik B MetaniB IV rpynu (C — 2,5; Si —
1,8; Sn — 1,7; Pb — 1,5). Minnicts aeskux 3B's3KiB Si (B
Kkai/mMob): Si-O — 88,2 kkan/mois, Tomi sk Si-C — 69,3;
Si-H — 70,4; a Si-Si — Bceoro 42,2 (1 eB/monekyiy =
23,06 xkan/monb). [TomiOHi 3B'I3kM y BUIANIKY BYTJICLIO:
C-0 — 84,0 kxan/monn, C-C — 83,1; C-H — 98,8. 3nauna
MIIHICTh 3B'I3Ky Si-O 00yMOBIIOE OCHOBHI pHCH
a7copOIiifHOI aKTUBHOCTI KPEMHIIO, 30KpeMa, BEJIHKY
KIJIBKICTh OKHCHHMX CTaHIB, Takux SK Siz-Si-O; Si-Si-Oy;
Si-Si-0;; Si-O4 [6]. BinomMo, mo KHCeHb mpu amcopOrii
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Ha AUII xpemHito (koedinient npumumnanns = 10°-10"
[1]) yrBOproe amopdrwmii map SiOy, KUK CKIaTa€ThCS 3
pizaux cromyk Si i 3miHroe cnektp ITEC. 3B'a30k Si-Si
Habararo cmabmmii, HiXK 3B'130k C-C 1 JaHLIOKKH 3
aTOMIB KpPEMHII0 pO3PHBAIOTHCS HAOAraTo Jermie, Hixk
BYIJIEIIEBI, OCOOJIMBO SIKIIO € MOJJIMBICTh YTBOPEHHS
3B'3Ky Si-Ox. Cwmia 3B'si3ky Si-Si Ha TOBepxHi
nocyabjaeHa BHACIIOK periopuan3anii i nepekauyBaHHS
YaCTHHU eJIEKTPOHHOT TYCTHHU BAIEHTHOTO Si-Si 3B'I3KY
B Ounpm cuipHUE 3B's130k Si-O [1,2,10]. BaxnmuBuMm €
MOPIBHSHHA MOJSIPHOCTI Jesikux 3B's13kiB Si 1 C. CtymiHp
"iorHocTi" 3B's3kiB  Si-O (50 %), Si-C (12 %); Si-
H (2,5 %); C-O (22 %); C-H (4 %).

BararogasHicte moBepXxoHb c-Si MICHA XiMiYHOTO
TpaBJICHHS, MPOMHMBAHHS B IUCTHILO-BaHIM BOJI IPO-
CylIyBaHHS Ta 30epiraHHs Ha IMOBITpi, JOOpe BHBYEHA
[10,21]. BigmiyaeTscsi MPUCYTHICTH B TOHKOILTIBKOBHX
OKHCHHX TIOKPUTTSX ToBmHMHOI 20-30 A s SiO, Tak i
SiOy da3. OnHak, B MOHOOKHCHIH (a3i ribpuani opOiTaii
Si B monekynax SiO BIiAMOBIAIOTH 7- i G-3B s3KaM,
nogibHo sk B Mosekydai CO, 1 yTBOpeHHsS CTiHKol
TpuMipHOi ¢asu SiO HemoxumBo. Te, M0 HA3WBAIOTH
MOHOOKHCOM, IIBHAIIE BChOro € cymimmno SiO, 3

HajuiukoM Si. [IpuponmHi OKHCHI TMOKPUTTS peasibHOT
MOBEPXHI C-Si NpeACTaBIsIIOTh 0000 aMOp(dHi IUTIBKH,
YTBOpEHI TOBHMMHM 1 HEMOBHMMH TeTpaeapaMu SiOy
(1 <x £4), aix TOBIIMHA 3aJIEKUTH BiJl yMOB TPaBJICHHS
Ta ekcno3umii Ha moBiTpi. OKMCHI IUIIBKM CHIJIBHO
HAcHYEHI MOJIeKYJIaMH BOJAM 1 TiAPOKCHIBHUMH Ta
TIIPUAHUMH TPYIIaMU, sIKi PI3HUMH CIIOCOOaMHU BXOJSThH
B iX ckiman. Boma moke OyTm 3B's3aHa 3 aromaMu Si
KOOPAWHAIIIMHUME 3B sI3KaMH, 3HAXOAWUTHUCS B IOpax
OKHCY KpIM TOTO, HasBHI MOJIEKYJIM BOAM IIOB S3aHi 3
TipaTOBaHUMHM MOBEPXHSMHU C-Si BOJHEBUMU 3B A3KaMHU
[10].

B [22] meromom P®EC BcTaHOBIEHO, MO MicCTs
XiMi4HOTO TpaBiieHHs c-Si y BogHoMy po3uuHi HF, kpim
BUJIJICHHS  NPUPOJHIX  OKHCIIB,  CIOCTEpPIraeThbecs
301IbIICHHS TOBILWH BYTJICLIEBOBMICHHUX 3a0pyAHEHb 3
~3 10 9A, i aKi cKITamarOTECI B OCHOBHOMY 3 BYTJle-
BogHiB (CH,). Ckmaxm mnoBepxXHEBHX TIOKPUTh 1 iX
TOBIIMHA 3aJISKATh BiJ] METOJY OTPUMaHHS Ta 00OpoOKH
noBepxoHb c-Si. IlmactmHM c-Si, sKi Tmepen 3aBaHTa-
JKEHHAM OOpOOISUTUCh B KHUIUITIOMY TPHUXJIOPETHIICHI,
notiM XximiuHo Tpaumuck B 0,01 mon. po3unni CrO; B

HF 1 mpomuBamuch B OiMUCTHIBOBAHINH BOII MICTSTH
3HAYHO MEHIIIE BYTJICIICBHUX 3a0pyaHeHb (c-Si*, Tadum. 2).
OTtpuMaHi pe3ysibTaTH, 100pe KOPEITh 3 MOIIOHUMH,
OTPUMAaHUMH HIIUMH Metomamu s c-Si. Tak B [22]
meronoM BIMC nocnmijpkeHO cKiaJ MOBEpXHEBHX
3a0pyaHeHb c-Si xiMiuHO Tpasienoro B HF i mpomuroro
B JMICTHJIbOBaHINA Boxi. AHami3 mpoBoauBcs B HBB mpu
Maniii mBHAKOCTI posmuieHHs mosepxni =1 A/xs. B
cnektpax BIMC mns c-Si, ki MOMIIIamUCh B amapar
Oe3mocepelHEO 3pa3y JK TMICHA TPOIENYp TpaBIICHHS,
NPOMHUBAHHS 1 TMPOCYUIYBaHHS IPUCYTHI  XiIMIi4HI
€JIEMEHTH 1 CIIOJIyKH, SIKI BKa3yIOTh Ha Te, 1110 3pa3KH BCe
TakKd € CWIBHO OKHCICHHUMH 1 3a0pyIHEHHMH Tigpo-

kapOonaramu. [Ipo me cBimuate mikm ioHiB O~, OH-,

SiOH, i SiO,7, pasom 3 mixkamu C-, C,”, CH™, C,H,".
Ilicns ioHHOro cTpaBmoBaHHA Imapy = 15 A inTeHcus-
HICTPh yCiX WX MiKiB 3MEHIITYEThCS Maibke B JBa pasw,
okpim ranorennux (F-, CI7).

B [6,23], BUBYalO4YM OKHCIM Ha MOBEpXHI c-Si,
BCTAaHOBJICHO:  CTEXIOMETPisl NPHPOIAHBOTO  OKHCIY
BigpisHAeTbCA Big ouikyBaHoro SiO, 1 Bimosizae
dopmyni Si, ,O; Bci moBepxHi ¢-Si, OKpIM OKHCIIB,
MICTSTh TaKoX 3a0pyIOHEHHS ByTJemto i ¢pTopy, fKi mo-
TPAIUIIOTh Ha MOBEPXHIO MPU MEXaHIYHHX 0oOpoOKax i
XiMi4YHOMY TpaBieHHi. ToOTo Ha peasbHii nMoBepxHi c-Si
3aBKau MpucyTHs amop¢Ha cymim 3 Si-O-C [4,14,24].

IV. BucuoBku

Oxe-eJIeKTPOHHOIO Ta Mac-CIeKTPOCKOITI€0
BCTaHOBJICHO, 11O AJs oBepXoHb c-Si(111) oTrpumanux
CKOJIIOBaHHSIM HaBITh Yy BHCOKOMY 1 HaJBHCOKOMY
BaKyyMi € XapakTepHHUM (OpPMyBaHHS aMOpP(HHUX
BYIJIEL€BO-KUCHEBUX TOKPHUTH ancopbaris a-SiyOxCy_x.y.

Ha moBepxusx ¢-Si(111), ogepkaHuX CKOIIOBAHHSAM
Yy BHCOKOMY BaKyyMi BCTaHOBJEHAa IPHUCYTHICTb
KpHCTauHOI (pa3u aTOMapHO-YMCTOrO KPEMHII0 NpHU
Yyacax €KCHO3UIli IOBEPXOHb CKOJIIOBAHHS IPOTITOM
t < 1-2 roa. y BUCOKOMY BaKyyMi, a Takox (opMyBaHHs
(a3 KpeMHIH-KHCHEBO-BYIJIELEBUX aMOP(QHUX TOHKO-
TUTIBKOBHX TIOKPHTH a-SiyOXCl_X_y TIPH tegenos. = 3,5-4 TOI.

PeanbHa moBepxHs c-Si eKCMIOHOBaHA TPUBAIUH Yac
Ha IIOBITPI HE € TOMOIEHHOI0 BOHA MICTUTH amMopdHi
TOHKOILTIBKOBI ~ MOKPHUTTS 3 OKHCIIB KpPEMHIlO 1
azcopOariB. Ha peanbHUX MOBEpXHIX C-Si EKCIIOHO-
BAaHMX Ha IMOBITPI BCTAHOBJEHO: JUI CBIKOCKOJIOTHX
(CBC) moBepxoHb (Yac EKCHO3HUINT tegenos, < 15 XB.)
XapaKTepHUM € KpeMHill, ci1abo3B si3aHUIl 3 KUCHEM, a
it ioBepxoHb cTapuxX CKOMIB (CTC) (tegenos. = 3-5 1i0)
XapaKTepHUM € KpeMHill, Skui mnepedyBa€ y CHIIBHO-
3B'513aHOMY 3 KHCHEM CTaHi, a TAKO)X B 000X BHIaJKax
MPUCYTHIA BYyTNeNb, MO B OiIoMy ¢opmye dasy
aMOP(HUX TOHKOIUIIBKOBUX TOKPUTh a-SiyOxCiyy 3
epextuBHuMu TouuHamu < 0,86 um. Kpim Ttoro, B
JIeSIKMX TOYKaX TaKHX ITOBEPXOHb MPHUCYTHI CIIN XJIOpY,
dropy Ta azory.

IoBepxust c-Si(111) “nacuBoBanHa” B armocepi
sanmuinkoBux rasis HBB kamepu mapom  a-SiyOxCpy.y
cTae OUTBII CIPUHHATIMBOIO 10 3a0pyAHEHBb BYTJICBOJ-
HsIMH (TiIpoKapOoHaTaMu).

EnexTpoHHE ONpPOMIHEHHS CHPUYMHIOE IO0YaTKOBO
3allOBHEHHS! €JIEKTPOHHHUX NAaCTOK Ta JECTPYKLIIO LIapy
a-SiyOxC|.x.y 3 YTBOPEHHAM HOBUX LIEHTPIB a1copOLii.
B pesynbpraTi Ha TOBEpXHi 30UTBITYETHCS KOHIEHTPALS
BIIBHUX HEHACHYEHUX 3B'A3KiB, 110 CIPHSE NOAATBLIIOMY
nepeOiry ancopOLifHUX MPOLECIB 32 Y4YacTIO MOJIEKYJ
ra3oBoi armocepu HBB kamepu.
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By both methods Auge-electron and masses-spectrometry is research kinetics of shaping of the interphase
boundaries on surfaces split of monocrystalline silicon (c-Si), obtained in high vacuum (in sifu), which the cameras
inspected masses-spectrometry contact to atmosphere of residual gases superhigh vacuum camera. An investigated
element-phase structure of surfaces split c-Si (111) in an dependence from an exposure time in high vacuum and from
a doze of an electronic exposure, and also exposure on an air. The conclusion about presence of thin-film coatings
adsorbent on surfaces split in situ is made. By methods quantitative Auge-electron spectrometry estimate quantitative
component structure of the interphase boundaries and effective thicknesses.
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