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B poboti HaBenmeHi pe3ynbTaTH AOCHIIDKCHb MPUIIOBEPXHEBUX 0ONacTeil KPEeMHII0 IMpH HOro OKHCHEHHI.
BusiBieHo, 1mo i 06JacTi CKIIAIAI0ThCA 13 CHIIBHO pa3yMopsAIKOBAHOTO KPEMHIIO, SIKHI TPOSBIISIE ACAKI AieIeKTPUIHI
BJIACTHBOCTI, Ta IIAPiB KPUIITAIEBOr0 KPEMHIIO 3 TUCIOKAI[IMHUMHE CITKaMH, [0 3aKiHIyIOThCS HAa MEXI [IUX MIapiB.
ToBm¥HA MapiB CHIBHO Pa3yNOPSAKOBAHOTO KPEMHIIO IIPOIOpIiifHa TOBIIKHI MIapiB TEPMIYHO OTPHMAHOTO OKCHIY.
BusBiieHo, 1m0 OCHOBHOIO JIOMINIKOIO B IIPUIIOBEPXHEBUX OOJACTSIX € KHCCHb, SIKMH BHSBISIOUM IACHBYIOWI Ta
€JICKTPHUYHI BIACTHBOCTI, BILIMBAE Ha 3apsIOBUH CTaH IIi€l 06iacTi.
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Beryn

AKTyanmpHICTB ~ OaHOI  poOOTH  BHU3HAYAETHCS
MOJJIMBAM BIUTMBOM IMEPEXiMTHUX IIapiB KpeMHII0 Ha
MeEXi po3MOAiTy OKcua KpeMHito-kpemHii (Si0, — Si) Ha
nmapaMeTpH MPHUIaAiB, SIKi BUTOTOBIICH] 3 3aCTOCYBAaHHIM
IUX CTPYKTYp. SIKIIO CTPyKTypa Ta JOMIIIKOBUH CTaH
MEXi pO3MOAUTYy JOBOJI BiIOMO 3aBISIKH pPoOOTaM
[1,2,3], mpoTe, a Hi CTPYKTypa, a Hi JOMIMIKOBHIA CKIIaj
NPUIIOBEPXHEBOrO LIapy Si 3 JOCTaTHBOIO IMOBIPHICTIO
JI0Ci He BCTAHOBJIEHO. /IOCTOBIpHO BCTAHOBIJICHO TiJIbKH,
10 B NPUIIOBEPXHEBHX INApax KPEMHIIO 3HaXOISATHCS
€HEepreTUYHi piBHI, WIUIBHICTH 3apsaiB B SKMX OlIbIIa
10" enextpor/cm®. Bouu GepyTh ydacT B mpoleci
HAKOIIMYEHHS IHAYIIbOBaHHOTO 10HI3YIOUIM
BUIIPOMIHIOBaHHSM 3apsny [4,5 ].

Metoro poOGOTH € BCTaHOBICHHS CTPYKTYPHHX Ta
€JeKTPO(I3MIHUX BIACTUBOCTEH IIApiB KPEMHIIO Ha
mexi posmominy SiO, — Si ; BU3HAYCHHS MOMIIUBOTO
BIUIMBY CTOPOHHIX JOMIIIOK ( KHCHIO 1 T.I.) Ha
BJIACTHBOCTI JOCHI/PKYBaHHX IIApiB KPEMHII0; BUBUCHHS
MOXIJIMBOTO BIUTMBY IIMX IIapiB Ha MapamMeTpy MPUIIAIiB,
copmoBanux Ha ocHOBI SiO, — Si cTpyKTyp.

OO6’€eKT mOCHIDKEHHS: BUBYAIIUCS CTPYKTYpH SiO; —
Si, cdopMoBaHI METOJOM TEPMIYHOTO OKHUCHEHHS
wractiH kpemHiro KJIb — 10 (100) B atmocdepi cyxoro
KHCHIO Tipu Temmeparypi 6ins 1150°C. Tosmman mapis
SiO, cramoBwm Bim 0,1 go 1,5wvxm. Ili mapu
BUTpaBmioBaymmcst y posunmHi HF, mnpum npomy
PO3TpaBIIEHHS TIOBEPXHI KPEMHII0 HE MaJIO MiCIIS.

Mertonu nociipKeHHST Ta OONajHAHHS: TOBEPXHS
KPEMHIIO JOCJTIKYBaJIach 3a JIOTIOMOT'010
MeTtanorpagiuHoro MIKpOCKOILY MMP - 2P,
€JIEKTPOHHOT'0 CKaHyrouoro Mikpockomy “ Cam-Scan “ 3
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PEHTTeHIBCHKMM MikpoaHaiizaTopoMm “ Link — 860 “, Ta
3a gonomoror Oxe-cnekrpomerpa LAS — 3000 miamerp
Myyka — 5 MKM ). 3 METOI0 BHSIBJIEHHS CTPYKTYPHHUX
nedekTiB, Ha IOBEPXHI  KPEMHII0  MPOBOAMIOCH
MOLIAPOBE 3TPABJIIOBAHHSI TOBEPXHI KPEMHIIO TPABHUKOM
Cekko 3 morepeaHbo0 00poOkoro B cyminm Kapo Tta
NepeKHCHO-aMiaqyHOMY po34uHi [6,7].

I. ExcnepumMeHTaJIbHI pe3yJibTaTH Ta ix
00roBOpeHHs

Ha puc. 1 HaBenmeHo TurioBe 300pakeHHS MOBEPXHIi
KpeMmHif0 micias 3HATTa mapy SiO, Ta  00pobku
TpaBHUKOM CEKKO HpOTSAroM 5 XBHJIHMH, OTPHMaHe 3a
JoroMoror Mmikpockorry MMP — 2P. Jlo6pe BuaHO, 1110
TUIIOBI SIMKH TPABJICHHS, AKi XapaKTePHI JJIsl TUCIIOKAIIIi
Ta OKHCHEHMX Ae(eKTiB MaKkyBaHHs, BicyTHI. HasBHI Ha
moBepxHi  Si  sMKH, HAaleBHO, TIIOB’sI3aHi 3
BUTPaBIIIOBaHHAM ocepelkiB SiO,, siKi BUHHKAIOTh NpPU
TIPUCKOpEHii Tepmoandysii KHCHIO B3JIOBXK
CTPYKTYpHHX JHedekTiB kpeMmHito. CnpoOu oTpumaTh
300paKeHHS MMOBEPXHI Si 332 ITOMOMOIO0 €JICKTPOHHOTO
Mikpockomy “ Cam — Scan “ BusBmiIncs HeBHanumu. Lle
MOB’SI3aHO 3 THM, IO IMPH ONPOMIHIOBAHHI MYYKOM
€JIEKTPOHIB MOBEPXHSI KPEMHIIO CHIIBHO 3apsKyBajiach i
He OyJI0O 3MOTHM OTPHMATH ITyYOK BiIOMTUX €JIEKTPOHIB.
Buie BukIazeHe CBIAYUTH, IIO JOCIIIKYBAaHHI IIapH
KPEMHIIO 3HAXOIATHCS y CHIIBHO PO3YHOPSIKOBAHOMY
CTaHi, IKMi OJIM3bKHI 10 PpiOHOOI0KOBOT 200 amophHOT
CTPYKTYpPH, Ta TMpPOSIBISIIOTH JIESKI  JieNeKTpUYHI
BIAcTUBOCTI. [IpM momanbIIOMy TpaBIICHHI ITOBEPXHI
kpemuif0 (mo 10 xBunmH) TpaBHUKOM Cekko Oyim
BHUSBIJIEH] JUCIOKALIMHI CITKH, SIKI CKJIAZajauch 3 60° Ta



JlocuimKeHHs TPUIIOBEPXHEBUX 1LApiB KPEMHIIO IIPH HOTO OKUCIICHH]

- f]‘f. "
e .
by wdg
*ieT
Puc. 1. 3o0paxeHHs
. PAKC] Puc. 2. 300paxkeHHs
MOBEPXHI KPEMHIIO MiCIIsI . : .
. MOBEpXHi KpEeMHil0 micis
31T mapy SiO, Ta .
ATt Si0, Ta 00poOkM
00poOKu TPaBHUKOM
TpaBHUKOM CEKKO MPOTATOM
Cekko HIPOTITOM AV
. 10 xBumuH (IUCITOKAIiHHI
5 XBUMMH (BUAMMI SIMKH .
. . CITKH).
BiZIMOBIAAIOTh
BUTPABICHAM  00JacTsIM
Si0,).

YaCTKOBUX JIUCIIOKAIIIH, IKi OyJIM IEKOPOBaHI KMCHEM Ta
okcupamu tuny SiOy (puc.2). BuHukawoui THIOBI
CTPYKTYPHI JIe()eKTH CBia4aTh PO MOSBY HOPMaJIbHOI
KpHcTaniyHoi cTpykTypu Si . IIpu TpaBieHHi OLIbII HiX
12 XBUNMH IMCIIOKALIIHI CITKH 3HMKAIH, a 3aMiCTh HUX
MIPOSIBISUTMCS.  OKpEMi JAWCIIOKalii Ta JIiHii CKOB3aHHS
(puc. 3).

3 MeTo BH3HAUCHHS MEXaHi3My BUHHKHEHHS
IUCIOKANIMHMNX  CITOK Ta TOBIIMHH  IEPEXiITHUX
po3ymopsiAKoBaHNX mmIapiB Si Oymu 3poOiieHi CKOIHI
BHUXIJIHUX IUTACTMH KpemHiro. Ha puc.4 HaBeaeHo
€JIEKTPOHHE 300pake€HHsI CKOJIy IUIACTHH KPEMHIIO,
oTpuUMaHe 3a JIornoMoror Mikpockony “ Cam — Scan
mix kyrom 57° . JloGpe BHIHO, 10 KPeMHiii sIBIIsE COBOIO
urapyBaTy CTPYKTYpY, TOBIIHHA MIAPiB SIKOT CKIIAIA€E Bix
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Puc. 3. 3oOpaxkeHHS P 4 E

MOBEPXHI KpeMmHifo micms  AC . JICKTpOHHE
300paKeHHs CKOITY

3usarTa Si0, Ta 00poOKHU - .
BHUXIHOTO KpeMHito (mobpe

TPaBHUKOM Cekko I
npotsrom 12 xpunum  CTIOCTEPIracTbCs  Iapyata
(okpemi mucnoxauii rta CTPYKTYPA).

JiHIT KOB3aHHS).
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5 mo 10mxm. bepyunm mo yBarm, MmO IIBHUAKICTH
TpaBiieHHs y TpaBHUKY CEKKO CTaHOBUTH Oiist 3 MKM/XB
(mast 5 ta 10 xBumH BigmoBimao — 15 MM 1 30 MKM),

MOXHa  CTBEp/XKYBaTH, IO JIUCIOKAI[WHI  CITKH
BUHMKAIOTh HE Ha MEXI IIapiB KPEeMHil0, a Ha Mexi
PO3YMOPSAAKOBAHOTO mapy Si - kpucraniyHuii

YHOPSIIKOBaHUN KpeMHild. HrkHS Mexa JUCITOKAIiiHUX
CITOK MPOCTSTAETCS, K HAM 3aETHCS, 10 HAMOIMKIOT
TpaHHML 1IapiB.

Ha  puc.5  HaBemeHa  cxema  yTBOpPEHHS
Pa3ymopaaIKOBaHOTO TepexigHoro mapy Si Ha mexi SiO,
— Si. TyT yTBOpPIOIOTBCA TEpPMOMEXaHIUHI HaAIPYTH,
BEJIMUMHA SKUX MepeOUIbIlye MOpPIr IUIACTUYHOI Teuil
JUIsl KpeMHir0. BHacIiI0K 1bOr0, KpUCTaNIYHA CTPYKTYpa
KPEMHII0 PYHHY€ThCs, SKIIO HE MOBHICTIO, TO X04a 0 10
PiBHS MIJIKOOJOYHOI CTPYKTYypH. YTBOpEHa CTPYKTypa
BHACJIIIOK TPUCYTHOCTI BEJIHMKOi KUIBKOCTI piBHIB
3aXOIUIEHHS  HOCIiB  3apsiy  Mae  JieleKTpU4Hi
BIIACTHBOCTi, IO 1 CIHOCTEPITa€ThbCs B CKCIICPHMEHTI.
Jo6pe BizoMo, 110 piBeHb MEXaHIYHUX HAINpyT BiJl MEXi
SiO; 1 Si B rmb KpeMHiI0 3MEHIIYETHCS IPONOPLIHHO
1/r. TakuM 9UHOM, TIPH 3MIIIEH] BiJ MEXi PO3iTy BIIHO
KpeMHII0 Ha TICBHOMY piBHI BHHHKA€ CHUTYalis, KOJH
MEXaHIYHOI Hampyru Ta OedopMmanii HEeZOCTaTHBO IS
YTBOPEHHSI CHJIBHO Pa3yIOpPSAKOBAHOI CTPYKTYpH, aie
JIOCTAaTHBO JUISI BUHUKHEHHS IUCIOKALIHHOT CTPYKTYpH Y
BUTJIIAI AMCIOKAIIHHUX CITOK (00yacTh Ha Mexi 2-3 ).
Omxe, MexaHiuHa Hampyra Ha Mexi 2-3 pernakcye 3
YTBOPCHHSAM  JHUCIOKALIMHMX  CITOK B  00JacTi
KPHCTATIUHOro KpeMmHito (06macts 3 -3'). Jluciokariiini
CiTKM, IO YTBOPHMINChH, po3MimeHni B obmacti 3-3
3aKIHYYIOTbCS Ha HaWOMIDKYid Mexi [BOX IIapiB
KkpemHiro. TpaBnerHs 00xacTi 4 KpeMHIIO BiTOyBa€eThCS B
3BHUAfHOMY pEXHMi, IpPH [bOMY CIIOCTEPIraroThCs
OKpeMi IucIioKarii Ta JiHii koB3aHHS. Byno Bim3HaveHO,
10 13 30ULIBUICHHSM TOBIIMHM MIAPIB OKCHAY TOBIIMHA
nepexijiHoi 007acTi 2 TakokK 30UIBIIYETHCS, IO MOXKHA
MOSICHUTH 301IBIICHHSM BEIMYMHH MEXaHIYHUX Hanpyr
Ha wMexi SiO, Si (Mexa obmacteir 3 2).
Pentreniscpkuii ta Oke — CHEKTpaJIbHUN aHATI3H
MOBEPXHI KpeMHito micis 3HATTA mapy SiO, nokazanu
HAsIBHICTh aTOMIB KHUCHIO, KOHIIEHTpAIlisl SKUX csirana 6,6
aTOMHUX BifcOTKiB (tabuung). IIpu mpomy He Oyio
BHSBIICHO CIIONYK, IO MICTATh BoaeHb Tty H,O, OH™ Ta
T.1. [lomapoBmii aHami3 MOKa3aB, IO aTOMH KHCHIO
pO3MIIIyBaTUCh TEPEeBAXHO B TMepeximHiid obmacti 2
KpeMHifo. MoXHa JONMYCTHTH, IIO BUSBICHUH KHUCECHb
3HaXOJUTHCS B EIEKTPUYHO aKTMBHOMY CTaHi, OCKIIBKU
TEeMIIepaTypa OKCHUIYBaHHS CTaHOBMIIA OList 1150° C [8].
TakuM 4YHMHOM, KHCEHb HE TUIBKH IMacHBYE Ie(eKTH
aTOMIB JIOMIIIOK 1 peKOMOIHAIMHI IEHTPH Ha MEXax
OJIOKIB, a CTBOPIOE Ha MexXax OJIOKIB KpEMHII0
CHEepPreTUYHI IICHTPH y BHIJIAII KOMIUIEKCIB KHCEHb —
BaKaHCiA 1 3aMimieHoro kucHo. OTke, nepexigHa
o0nacTh HAa  TOBEPXHI  OKCHJIOBAHOTO  KPEMHIIO
CKJIAJIAETHCS 3 CHUIIBHO PO3YIMOPSIKOBAHOTO KPEMHIIO Ta
TUCIOKAIHHUX CITOK i MICTHTH TIEPEBHUINEHY HIITBHICTD
KHCHIO. Y CHJBHO PO3YHOPSIKOBAHOMY KPEMHIIO
NPUCYTHSI BEJIUKA T'YCTHHA PEKOMOIHALIHHUX LIEHTPIB, a
caM KpeMHiii, MOJKIIHBO, CKIIAZaeThes i3 atomi Siv' [9].
Ipu omnpomintoBanHi cTpykryp SiO, — Si ioHi3ywounm
BUIIPOMIHIOBaHHSIM (PEHTIE€HIBCHKUM, Y —
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Puc. 5. [liarpama ctpykrypu SiO,-Si

1 — map SiOy;
2 — TepeximHWA Mmap CWIBHO pPO3YIOPSIKOBAHOTO
KPEMHIO;

2~ o6nacts SiO, , sKa MIPOHUKIIA B map 2;

3 — o0JacTh 3ayIraHHsA JUCIIOKAIIMHUX CITOK;

3~ HWKHS MeKa 3aIATaHHs JUCIIOKAIIMHNUX CITOK (Mexa
mapiB KPEMHII0);

4 — o0nacTh KPEMHII0, sKa BiIbHA B JUCIIOKAIIHHUX

CITOK.

BUIIPOMIHIOBaHHSAM, HEHTPOHAMH) Ii IIEHTPH CIyXKaTbh
IIEHTPaMH 3aXOIUICHHS €JEKTPOHIB B 3a00poHEHiH 30HI
KPEMHII0, 1[0 €KBIBaJIEHTHO YTBOPEHHIO MO3UTHBHOTO
3apsay, SKHH CKIQIAa€Thbesl 13 MO3UTHBHO 3apslIDKEHHX
atoMiB. [IpUCYTHICTH CHJIBHO  PO3YMOPSAIKOBAHOTO
KpeMHiF0 B o0yacTi mpocropoBoro 3apsany MOH —
MPUJIaJliB MPUBOAUTH 10 3MCHIIICHHS 9acy KUTTS Ta 4acy
BUIBHOTO TpPOOIry HOCIIB 3apsiay Ta, SK HaciilloK, 10
3HIKCHHS TIPOBITHOCTI KaHamy. HasBHICTH KHCHIO Y IIii
obmacti 3 omHOro OOKy TPHBOOUTH OO TMAaCHBAIlii
pexoMOiHaIHHUX IIEHTPIB HA Mexax OJOKiB, 3 APYToro,
OCKUJIbKM BIH 3HAXOIMThCS B EJIEKTPUYHO AKTUBHOMY

CTaHi, YTBOPIOE  JONATKOBI  EHEPreTHYHi  piBHI.
3aJMIIaeTbesl  BIIKPUTHM —THMTaHHS IPO  MEXaHi3M
B33a€EMOJIIi KHUCHIO 3 PEKOMOIHAIIHMUMHU LEHTPaMH.

Binomo nuiie, 110 KHCEHb CKYIUYETHCSl B paliOHaX MeX
OJIOKIB, TPHUUOMY KOHLEHTpALsl KHCHIO TIEPEBUILYE
KOHLICHTPALIi0 IEHTPiB peKoMOiHaIii.
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In this work results investigation of oxidation silicon’s subsurface layers are showing. This layers consist of
strong breaking silicon which have some dielectric properties and silicon crystal layers with dislocation’s nets and
finished within the limits of layers of silicon. Thickness of strong breaking silicon layers are proportional of oxide
silicon thickness used thermal layers. Main admixture of the silicon’s subsurface layers is oxygen which have
passivity and electric properties and have an influence on charge state of this layers.
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