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B poboti mocmipKyBamuch BONBT aMIEPHI XapaKTEPUCTUKH CTPYKTYP MeTal-XIMIYHO-MOIi(iKOBaHHH p-
KpEeMHiH, OTpuMaHH{ Ipu OOpOoOLi XIMIYHUM BHOIPKOBHM TpPaBHHKOM IIPHUIIOBEPXHEBUX MIAPiB KPEMHII0 B
CTPYKTYpax AiOKCHI KPEMHiIo-KpeMHiii. BcTaHOB/IEHO, 110 NPAMI CTPYMH 3a/ekaTh Bil HAIPYTH 3a 3aKkoHoM I ~ U?,
110 MIiATBEPPKYE IHKEKUIHHMI XapakTep LUX CTPYMIB, @ Ha 3BOPOTHI CTPYMH BIUIMBAIOTh BIACTUBOCTI MMOTSHIIHHOTO

6ap’epy Iortki.
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Beryn

B ocraHHI poku BenMKa KibKICTh pOOOT NPUCBSYEHA
TEXHOJIOTiT OTPUMAaHHS CTPYKTYp Ta JOCITIDKEHHSM
(i3UKO-eNeKTUYHUX BIACTHBOCTEH ,Takux sk (oro- Ta
CJICKTPOJIIOMIHECLIEHTHUM ~ IIOPYBaTOr0 KpPEMHil0 Ta

CTpyKTYp Ha ix ocHoBi [l,2].3pa3ku mopyBaToro
KPEMHII0, OTpUMaHi  METOJOM  EJEeKTPOXiMIYHOTO
TpaBIICHHS TIPHU3BOIATH bi (6] CTBOpPEHHS

PO3YIOPSAKOBAHOTO KpPEMHil0 3 HemoOpe BUBYCHUMH
xapakrepuctukamu.J[oope BimOMO, IO MpPsIMi BOJBT-
aMIIepHi XapaKTePUCTHKH KOHTaKTIB METaJ-1opyBaTuit
p-KpeMHiii (mopyBaTHii wIAp pP-KPEMHIIO OTpHUMaHH
METOJIOM JIEKTPOXIMIYHOTO TPABJICHHS) HE 3aJIC)KATh BiJ
BiiacTuBocTel Oap’epa LloTki, a 3anexarp BijJ mpouecy
MOJBIMHOT 1HXKEKIIT €JIEKTPOHIB 3 METAJEBOrO KOHTAKTY
B TOPYBaTHii IIap KPEMHIO Ta JIIPOK 3 p-KpemHiro [3].
Binomo, Tako, 10 BIACTHBOCTI MOPYBAaTOr0 KPEMHIIO
Ta CTPYKTYp Ha HOT0 OCHOBI 3alieKaTh BiJ METOIIB HOro
CTBOPCHHSL.

Meta po6orH. Meroro gaHoi poGoTH €
JOCII/DKEHHSI CTPYKTYPHHX BJIACTUBOCTEH XIMIYHO —
MOIU(IKOBAHOIO  KPEMHIIO, CTBOPEHOTO  METOIOM
TEpPMIYHOIO OKHCJEHHS pP-KPEMHII0 3 IIOCIiJIOBHUM
XIMIYHUM TpaBJICHHSIM Ta eneKkTpodiznIHmX
BJIACTHBOCTEH JIOAHUX CTPYKTYp MeTall XiMIYHO —
Mo upikoBaHMI KpeMHiil —p- KpeMHii Ha HOro OCHOBI. .

O0’eKT MOCHITUKEHHSI: BuBYaNacs CTPYKTypa
mapiB XiMIiYHO —MOJU(IKOBAHOTO KPEMHIiI0, CTBOPEHUX
METOJIOM TEPMIYHOTO OKCHAYBaHHS MOHOKPHCTAIIYHOTO
p-xpemnito HYoxpanscekoro (N , =5 10 2y ) (111))mpu
temneparypi 1150 ° C 3 mOCHiOBHEM TpaBieHHSIM y
rutaBukoBid(HF) kucnori ta BHOipKOBOMY XiMiYHOMY
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TpaBHUKY CipTis 3 IONEpesHbOI0 00pPOOKOI0 B CyMili
Kapo Ta nepexncnoamiaunomy posunHi [4]. CtpykTypn
nananii  (Pd)-ximiuHO-MommdikoBaHMl  KpeMHIiH-p-
KpeMHII  BUTOTOBISUTUCH ~ METOAOM  TEPMIYHOTO

HaniieHH B BakyyMmi (BYII-5) Ha moBepxHIO XiMi4HO —
MOan(iKOBAaHOTO KPEMHIIO 3 TOCTIJOBHAM BiIIajJOM B
Bakyymi mpu Temmepatypi 250 ° C i doromitorpadiero.
(puc. 1).

Puc. 1. 3o0paxxeHHs1 NOCTIDKyBaHUX KOHTakTiB Pd —
XIMIYHO-MO 1 (DIKOBaHUHM KPEMHIH —p —KpeMHIH.

I. MeTtoau gocaigKeHHs Ta 00JIaATHAHHSA

[loBepxHs  XIMIYHO-MOJM(]IKOBAHOTO  KPEMHIIO
MCHs 3HATTA OKCHAY Ta o0pobmi B BUOIPKOBOMY
ximMigHOMY TpaBHUKY CipTiIs TOCTiIKyBaTach METOJaMH
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€JIEKTPOHHOI MiKPOCKOIIii (32 TOTIOMOTOI0 €JIEKTPOHHOTO
CKaHyI4O0ro Mikpockory ,,Cam-Scan” 3 peHTreHiBCbKUM
MiKpoaHanizatopom ,,Link-860”), MeTol peHTreHiBChbKOT
tororpadii, ONTHYHMM METOAOM (32 JIOIIOMOTOIO
meranorpagiuHoro  mikpockorry MMP-2P) Ta 3a

nonomoroto  OXE-cnextpomerpa LAS-3000 (miamerp
nyyka — 5 MKM ). BmactuBocti 0ap’epHHX CTPYKTYp
BHUBYAINCS €NEKTPO(QI3UIHIM METOJOM 3HATTS BOJIBT-
aMIIepPHUX XapaKTEPUCTHK 3a JOIOMOIOI0 CIELiabHO
po3pobieHux cxeM (puc. 2).

Puc. 2. 3aransanii Bumy NpUCTPOIB IJIsl BUMIPIOBaHHS
BOJIbT-aMIICPHHUX XaPaKTECPUCTHK.

II. Pe3yabTaTn podoTH T2 ix
00roBopeHHA

Ha puc. 3 HaBeneno TumoBe 300pakeHHS HOBEPXHI
KPEMHIIO Icisl 3HATTSA IIapy OKcuay Ta oOpoOkn
TpaBHUKOM CupTis npotsiroM 0,5 XBUINHH, OTPUMaHE 32
nJoroMororo Mikpockorry MMP-2P. Jlobpe BuaHO, 10
TUTIOBI SIMKH TPaBJICHHS, SKi XapaKTepHi IS TUCIIOKAIIIHA
Ta NedeKTiB MmaKkyBaHHA, BinCyTHI. HasgBHI Ha moBepxHi
KPeMHII0 SIMOK pi3HOi (opmMH MOB’SI3yBaluch 3
BUTPABIIIOBAHHSIM OCEPENKIB OKCHIY, $IKi BHHHKAIOTh
pU  NPUCKOpEHit TepMonaudysii OKCUay  B3IOBXK
CTPYKTYpHUX JHedekTiB kpeMmHito. CrpobOu oTpumaru
300pa)KeHHs OBEPXHi Si 3a JOMOMOTrOI0 €JIEKTPOHHOTO
Mikpockony ,,Cam-Scan” BusSBWINCH HeBaamumu. lle
MOB’S3aHO 3 THUM, IO IPH OIPOMIHIOBaHHI ITyYKOM
€JIEKTPOHIB MOBEPXHS KPEMHIIO CHIIBHO 3aps/KyBaiach i
He OyJio 3MOrM OTPHUMATH Iy4OK BiIOMTHX €JIEKTPOHIB.
Bume BukiazeHe CBiAYUTH, MO AOCTIIKYBaHHI IIapw
KPEMHII0 3HAXOHAThCS y CUIIBHO PO3YIOPSIKOBAHOMY
CTaHi, KW ONM3BKUA J0 JpiOHOOMOKOBaHOI abo
amMopdHOi  CTPYKTYpH, Ta  TpOSBISIOTH  JIEsIKi
JUeNeKTpUYHI BJIACTUBOCTI. [pu JIOCIIIDKEH]
BJIACTUBOCTEH JpiOHOOIOKOBAHOT CTPYKTYpH
peHTreHiBcbkUM Tororpadiuaum MetonoM DypkuBapa
BCTAHOBJICHO, L0 CYCiIHI OJIOKM DPO30pi€HTOBaHI IIiJ
kyTtamu g0 1°. [lpudomy, migBuieHHs GoHy B OKpeMHX
MICIISIX TOTIOTPaM 3B’SI3yBaJIOCh 3 MPUCYTHICTIO JOMILIIOK
Metany i (abo) KHCHIO, IO, TaKoX MiATBEPIKYETHCS
pesynapratamun  OXKE-anamizy. [lpu  monanmsmomy
TpaBJICHHI MTOBEPXHI KPEMHIIO (10 4 XBWIMH) TPABHUKOM
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Puc. 3. TunoBe 300pakeHHsI MOBEPXHI OKCHUIOBAHHOTO
KPEMHIIO TiCHsl 3HATTA LIapy OKcuaa Ta o0poOKu

tpaBHukoM Cupris (OTpuMaHe 3a  JIOIIOMOTOIO
Mmikpockorry MMP-2P).
Cekko Oynu BUSIBICHI JUCIOKAIifHI CITKH, sKi

YTBOPIOIOTh MO3ai4Hy CTPYKTYpY KpEeMHito (IIUIBHICTH
TUCIOKAIid B CiTKax JOpiBHIOBala 10'° M'z), K1
cxmamamuchk 3 60° Ta YacTKOBHX UCITOKAMid, sSKi Oymn
nexkopoBaHi kucHeM (puc.4) .BuHHKaro4i THIOBI
CTPYKTYpHi Je(eKTH CBiA4YaTh MPO IOSBY HOPMaIIbHOT
KpHcTamiuHOi cTpykTypu Si. Ha pucyHky 5 HaBeneHo

Puc. 4. EnexkrpoHHe 300pakeHHs TUCIOKAI[IMHUX CITOK

(OTpUMaHO TpU  TPaBICHHI IMOBEPXHI KPEMHIIO
tpaBHUKOM CipTJis)
300paKeHHs 301MIbIICHOT KapTUHU obuacti

JcIoKaliiHuX citok. JloOpe crocrepiraloTbest AUISIHKA
JpIOHOTO BEPTHKAJIBHO PO3TALIOBAHOTO KPEMHIIO 3
po3mipamu nopsiaky 10 am. [Ipu TpaBieHHi OUTBII HiIX 6
XBHJIMH JMCIIOKAL[MHI CITKM 3HHKAId, a 3aMiCTh HUX
NPOSIBISUTACS OKpEMi JWCIIOKalii Ta JiHii CKOB3aHHS
(puc. 6). BcraHoBneHO, 0 TOBIIMHHK MEPEXIAHUX MIAPIB,
Kl CKyaianucs 3 ApiOHOOJOKOBAHOTO KpPEMHII0 Ta
obracreil MUCIOKAIHHUX CITOK, TIPOTIOPIIiHI TOBIIMHAM
OKCHIIB, IO 3pO3YMUIO, SKIIO WPUTAgaTH, IO
30UIBIICHHS ~ TOBIIMHH  OKCHAY  TNPHUBOJUTH [0
30UIBIICHHS MEXaHIYHOI Halpyrd Ha MEXi pO3MOJiny,
BEJIMYMHA K0T CHIILHO MIEPEBHIIYE MOPIT MIACTHYHOT
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Y
Puc. 5. EJ'IeKTPOHHe 30LIbIICHE 300paKeHHS TUTBHUII

TUCToKaminHuX ciTok (x 10000).

Tedii kpeMHio. Ha TOBIIMHY MEpeXiJHOro Iapy, TaKox
BIUIMBA€E HASBHICTh CTPYKTYpPHHX Je(EKTiB Ha MOBEpXHi
BUXIJIHOIO KpEMHIio. 301IbIEHHS IIIJIBHOCTI
CTPYKTYpPHUX JNe(hEKTIiB TPUBOIUTH 1O 30LIBIICHHS
KIUJIBKOCTI KaHaJIiB MPUCKOPEHOi An(y3ii KHCHIO B3IOBX
CTPYKTYPHUX JHe(eKTiB 3 MOCTIITyIOUYUM YTBOPEHHIM
OKCHIYy, IO 1 HPUBOIUTH IO 30LIBIIECHHS MEXaHidHOI
HATIPYTH Ha MEXI PO3MOILTY.

Puc. 6. EnextponHe 300paKeHHS OKPEMUX JTUCIIOKAIIIH
Ta JIiHI} CKOB3aHHS.

Puc. 7.TunoBi  BONBT aMmImepHi  XapaKTEPUCTUKU
MOCTIKYBaHUX  HIOMHUX  CTPyKTyp Pd-ximigHo-
MOU(IKOBaHUN KPEeMHIH—P-KpEeMHIMH.

Jnst CTBOpEHHS IIOIHHX CTPYKTYp Ha IOBEPXHIO
KPEMHIIO C AMCIOKALIHUME ciTkamu (puc. 4) METOI0M
TEPMIYHOTO HANWIEHHS B BakyyMi HAaHOCHBCS Ilap
nanafico  ToBmMHO 500 MKM 3 MOCIIIyIOYOI0
(dotouitorpadiero 3 METOIO OTPUMAHHS OKPEMHUX iOJiB.
Metonom BHUOIPKOBOTO XIMI9HOTO TpaBJICHHS
BCTaHOBJICHO, III0 TOBILIMHA LIAapy, B SIKOMY 3aJIraloTh
JICIIOKaliiHI CITKM JOpiBHIOE 8 MKM (TIpH LIUTBHOCTI
JMCIOKaLil B BUXigHOMY KpeMmHio 10° M Ta ToBIIMHI
BHXigHOTO OKcuny 1 mxm). Ha puc. 7 HaBeneHa Turoa
BOJNBT  aMIICpHa  XapaKTePHCTHKA  JOCIIPKYBaHUX
TIOMHUX CTPYKTYp TpPH TMPSAMid Ta 3BOPOTHIN Hampysi.
[IpsmMuit ctpyM 3MiHIOBaBCS 3 HAIPYTOIO SIK I~U%, a
3BopotHiit sk I~ exp(a|U|). 3 mporo MoxHa 3poOUTH
BUCHOBOK, 1110 NpU HpsiMuX Hanpyrax Oap’ep Illotki He
BIUIMBA€ Ha mpolec crpymonepeHocy. Ha neil mpouec
BIUIMBA€ MEXaHI3M MOJBIHHOT 1HXEKII IIpOK 3 p-
KPEMHII0 Ta eJIEKTPOHIB 3 METaJeBOr0 KOHTAaKTy B
00JIaCTh JTUCIIOKAIIHHUX CITOK. 3BOPOTHHH CTpyM Mae
CKCIIOHCHIIaNbHAN  XapakTep, IO CBiOYUTH  NPO
nepeBakarouoMy  BiumBi  Oap’epa  Ilotki  Ta
TUCTOKaiHHUX Oap'epiB Ha TPOIEC CTPYMOIIEPEHOCY.
[Ipubnu3Hy OIHKY pyXJIHBOCTI MJIpOK B paloHi
3aNsATaHHS OUCIOKAllifHUX CITOK MOXXHAa OTPHMATH,
SKIIO 3aCTOCYBaTH BHpa3 JUisl LIUIBHOCTI 3BOPOTHOTO
CTpyMy TIpH Hacu4eHi B pamkax JapeiioBo-nudy3iiHol
Teopii [5]

upy = J; €€ q* N'2p W exp[®y/kT], )
Je J, — IiIbHICTE 3BOPOTHOTO CTPYMy B HACHYEHi, € —
NPOHUKHICTh Ji€NeKTPUYHA, & — EJIEKTPUYHA MOCTiiHa,
q — 3apsAj enekTpoHa, N, — KOHIEHTpauis aipok, W —
IMpPHHA 30HU TIPOCTOpoBOro 3apsiny, P, — BuUCOTa
MOTEHIIHOTO 0ap'epy MeTal-XiMidHO-MOAU(DIKOBAHHIA
kpemHiit, T — Temnepatypa. [nsg BUCOTH NOTEHIiIHHOTO
Oap’epy  mamamid-xXiMidHO-MOAW(DIKOBAHWA  KpPEMHIH
@, =0,74eB i [y peuITd BHUILEONMUCAHUX MapaMeTpiB
npu T =300 K MoxHa oTpUMaTy 3HAY€HHS PYXJIHBOCTI
i, = 0,24-10* M*/Be. lle 3HaueHns 3HauHO MeHiTe (Ha
TPH TOPAAKA) HDXK I  BHOAAKY  3BHYAHHOTO
Oe3auciokaiiitnoro kpemuiro. OnHaK, MOXKHA 3rajlaTH,
10 B 00JIACTI MPOCTOPOBOTO 3apsy Jioja PO3TalloBaHi
JIUCIOKALIMHI CITKHU, SKI CKIafecHl 3 60° nucnokaiit 3
winerictio g0 10" M? npm  B3aemonii 3 sKuMH
PYXJIMBICTh Ma€ 3HAYHO 3MCHIIUTHUCh. 3HAUYCHHS
PYXJIHBOCTI IipOK MOKHAa OTPHMATH, SKIIO BXXUTH
MpSIMAKA  PO3paxyHOK 3TimHO 3 Teopieto Pima [6] Ta 3
BpaXyBaHHAM B3a€MOPO3TALIYBAHHA HANpPIMKY DPyXy
JIpOK Ta niHiﬁ zmcnomuiﬁ [7]

qrp(m) Tpq = (3/8)(10RNV)’

Hp . upq+uqfs o (2)
b1 (S Cepe}IHII/I Yac MpU PO3CIsIHHI JipoK Ha
JMCIOKaNisX, m — eeKTMBHA Maca Aipok, R — paxiyc
MIPOCTOPOBOTO  3apsify Juciokamid, N — IIUIBHICTH
JMCIIOKAlii, v — TemjoBa WIBHAKICTh JipoK, W, —
pe3yJbTyro4a PYXJIUBICTh JUPOK, Wgf — PYXJIMBICTH MPH
po3cisaHI Ha ¢oHOHaX. Po3paxyHok 3a Qopmymamu (2)
IVl HANIOTO BWIIAAKY JaBaB 3HAYCHHS PYXJIMBOCTI
p1,=0,4-104 M'2/Bc, mo poOpe cmiBmazae B MeXax

MIOXHOKH 3 €KCIIepUMEHTAILHO OTpUMaHHUM
Pe3yIbTaTOM.

3nilicHeHi JOCITIDKEHHS eNeKTPODIZNIHUX
XapaKTepPUCTUK JIOJAHUX CTPYKTYpP MeETal-XiMi4HO-
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Monu(ikoBaHUN KPEeMHIH-p-KpEeMHIH Jamm MOXKIMBICTBH HOCIiB 3apsiay.
oTpumary iHGOpMaILilo PO MEXaHi3MH CTPYMOIIEPEHOCY

B MPUCYTHOCTI PO3BHHYTOI JUCIOKAIIOHOT CTPYKTYPH Ta
eKCICPUMEHTAIBHO OTPUMATH 3HAYCHHS PYyXJIHMBOCTI
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The current-voltage characteristics of metal chemistry-modify silicon —p silicon structure, which was received by
chemical machining in etchant Si layers superficial at SiO,-Si structures, was investigated in this work. It is
established that the current depends on an electrical voltage according I ~ U It confirms injection character of these
currents. The reverse current is influenced with properties of potential Schottky barrier.
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