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AHHomaguw - Ycnof1b3y9 COBspeMeHHbie MeTOAbi mccnego-
BaHMS onpegeneHa CTpyKrypa npLifOBepXHOCTHbIX cioeB KpeM-
HMR, OCHOBHbie ge0eKT03aBHCqi4me napameTpbi BOJlbT-
amnepHbix xapaKTep4CTHK KpeMHIeBbIX MOn-TpaHUCTOpOB L
BffIRSHLe Ha H4X CTpyKTYPHbIX HeCOBepBeHCTB B TOKonpOBoAR-
weM KaHane.

I.BaeAeHme
B HacTos@e BpeMS B CBF13L4 C ganbHeAweA MLKpO-

MM"HaTepN3aL"eA 3J1eMeHTHoi 6a3bb 3KneTpOHLKL4 M
BO3MO*KHOCTblO LCnOJlb3OBaTb noJieBbie CTpyTypbl gL-
OKCL4g KpeMHLIFI - KpeMHLA (nlCjKK) c LHBePCLIOHHbIM
KaHaiJOM B CBLI YCTPOiCTBaX BO3HLKaeT npo6SJeMa
L3y'eHL4.q npoLAecca TOKonepeHoca B 3TLX CTpyKTypax c
y4eTOM LX peanbHoro cocTaBa. MccnegoBaHIio npo-

Lecca TOKonepeHoca B BbIWeyKa3aHHbIX CTpyKTypax
nlOCBRuLeHO MHO)eCTBO pa6OT (CM., HanpLMep, [1, 2]).
OAHaKO, B 3TUX pa6oTaX He 6bIl L4TeH TOT coaKT, YTO
TOKOnepeHOC B HHBepCLIOHHOA 3oHe nQCKK ocyL4eCTB-
rwleTCs B nllpnlOBepXHOCTHOA O6naCTL KpeMHL5 C AO-
BOJTbHOA CGJO)HOA CTpyKTypOA [3]. 3TUM 4aKTOM MOKHO
o6b.cCHMTb OTKflOHeHme 3KCnlepLMeHTaJbHO L3MepeH-
HbIX TOKOBbIX XapaKepLCTLIK OT TeopeTtleCKL paccYL-
TaHHbIX 6e3 y4eTa peaibHOA CTpyKrypbi npLInOBepXHO-
CTHOA o6naCTL KpeMHLI. B CBSI3A C 3TLM, LAenblO Ha-

cTosLLeA pa6OTbl FBfWleTCF MogenPOBsaHme npoiecca
TOKOnepeHOCa B nlC/QKK C y'eTOM peaJlbHOU CTpyKTypbl
npmnoBepXHOCTHOW o6facTM KpeMHL5R.

IL OCHOBHaq 4aCTb
k1ccnegOBantIcb nCJKK, L3rOTOBneHHbie no cTaH-

gapTHoA nnaHapHoA TeXHOJ1orLI cXopMmpoBaHMq none-
BbiX npL6opOB C ALOKCHLHOA U30J1RLqe Ha OCHOBe

MoHoKpACTannt4ecKoroKpeMH4S MapKL K3304,5(l 1 1) L
K,6-10(100) m nnacTLH 3nfTaKcL4anbHorO KpeMHLq
3K3C0-1 (111). TOJiLLALHbI TepMLI4eCKL BbIpaU.AeHHbIX
BbICOKOTeMnepaTypHbIX (TeMnepaTypa -1150 C) /MOK-
CUgQB COCTaBIiJn1 OT 10 HM gO 1 MKM. B Ka4ecTBe
3n1eKTPOAOB wcnOnb30Bancs anoMLHLiA. OTHOWeHUe
WLlIpMHbI KaHana K AIlHe KaHana cocTaBnrwio -1 00.

grS BbiFlBJieHtIF1 CTpyKTYpHbIX geceKToB Ha nOBepx-
HOCTH KpeMHLiI nocile yganeHtwR MeTajinnLI4ecKLX aieK-
TpOJOB B paCTBOpe NaOH L AMOKCHgLOB B paCTBOpe
HCI, npoW3BoAwnacb nocnoAiHas o6pa6OTKa nOBepXHO-
CTL nnlacTIH M36mpaTenJHbIMM TpaBt4TeJqMm CLPT1$s
(nOBepXHOCTbl 11) L C3KKO (noBepXHOCTb 1 00)(CKOPOCTb
TpaBJleHLI nopqgKa (2-3) MKM/MLH)C npeBapt4Te bHOA
o6pa6OTKOA B cocTaBax Kapo L nepeK1CHoamwaqHoM
pacTBopax [4]. TaKasq npeBap4TenbHaq o6pa6OTKa
no3Bornsira nOBbICLTb BbURBnWoLgwe cBOwCTBa L36mpa-
TenbHbIX TpaBLTeneA.

A,n LICneCoBaHHiLA nOBePXHOCTLI KpeMHLi"I nocne
Xt4Mm%4eCKLIX o6pa6OTOK mCnOflb3OBaHbi J1epyiOme
MeTOgbI L O6OpyAOBaHLe:
-3neKTpOHHaq cKaHmpyoaq MLKpOCKOnt4IF (P3Mn),
3aleKTpOHHbIA CKaHAPYIOLLMA MLKpOCKOn- aHaJlLI3aTOp
'Cam Scan'-4 D c CLCTeMo A3HepreTIWecKoro AL4cnep-
CLOHHOrO alanMaaopa Link- 860'(c I4cnOnb3OBaHweM
nporpamMbl ((Zaf)> ,LyBcTBLITeJ1bHOCTb npw6opa CocTaB-

nr.na 0,01% no Macce, gqaMaeTp nyqKa -OT 5 10-9 go 1
106 M).
-O)3 - 3neKTpoHHaq cneKTpocKonws (30C), cneKrpo-
meTp LAS-3000 4LIpMbl 'Riber'(npocTpaHcTBeHHaA
pa3pewaiot4asq CnOcO6HOCTb - 3 MKM 3HepreTHMecKoe
pa3peweHme aHa.nA3aTopa - 0,3 %):
-BTopw4Has MOHHaF Macc- cneKTpOMeTpi4S (BMMC)
alarwiaTop 'Cameca- 3F;
-OlnTi4eCKwe MeTOgbi wccnegOBaHWA C nOMOLLAbIO Me
Tan.norpacp4wLecKoro MAKpOCKona MMP- 2P

Ha pwc.1 npegcTaBneHa KapTWHa noBepxHocTm
KpeMHL4i K3cI 4,5(111) nocne yganeHH MeTarwmLe-
CKLX 3JeKTpOgOB, AUOKCcga KpeMHL45 (TOnIUAHOA 0,5
MKM) i o6pa6OTKm nOBepXHOCT4 XwMw1eCK4M npegBa-
p4Te.nbHbIM A L36mpaTenbHbIM (CwPTnI) TpaB4TenJ1IML.
W3o6paKeHme nOnlyeHO Ha O6bl4HOM MeTanJOrpacLm-
qeCKOM M4KpOcKOne, TaK KaK BcJlegCTBLie CH4bHOU 3a-
pggKm nOBepXHOcTL KpeMHuF w HeBO3MO)KHocTLm nony-
YLITb OTpa*eHHblA OT flOBepXHOCTw nyLOK JneKTpOHOB
npMmeHeHme 311eKTpOHHOrO MUKpocKona 6bIlO 3aTpyg-
HeHO. 06nacT npfOHLKHOBeHLIF1 gi4OKCLga KpeMHLI B

KpeMHLI, CBq3aHHbie C YCKOpeHHOAI ,,44COy3meRi KWcno-
poga BAO1b CTpyKT/pHbiX AedpeKTOB, npocmaTpUBaBTCR
B Bmge AMOK HenpaBIllbHOL XOPMbI, npw4eM, SMOK
npaBLIlbHOL cOOpMbI, npmcyLux CTpyKTYpHbIM ge4)eK-
raM O6HapyKeHO He 6bino. 1CXOAA LX 3TLX 4)aKTOB,
MO)KHO CgenaTb BbIBOg, YTO 3Ta O6JnaCTb COCTOWT L3
cnos pa3ynopqgoqeHHoro KpeMHL4. c MeenKoi nonJ-
cTpyKTypoA nIL He o6nagatou4ero KpLIcTarnnt4ecKOA
CTpyKTypOL Boo6LL4e. npm qanlbHeWiweM TpaBneHt4m no-

BepXHOCTh KpeMHLI%q L36UpaTenbHbIM XwMmLeCKLM Tpa-
BLTeneM CwpTnA euAe B TeYeHLie 5 MLHYT Ha6toAanOcb
nOSsBJ1eHLe cnoeB, cogep*KaLt4x ;AWCnOKaLUOHHbie ceT-0 ~~~~~~~112M-2KA, COCTOSuiAe W3 60 MCLIcOKa1LAm, nIlOTHOCTbIO 10 M

npe4wnMTWpOBaHHbie KACJpOgOM LI Kwcnopogocogep-
)KaLL4Mw COegLHeHLIMM (pmc.2).Hanmqtwe A"CfOKai4L-
OHHOW CTpyKTePbl yKa3bIBaeT Ha cPaKT nlq5BjieHMR KPU-
CTaJJ1lnmeCKOA CTppKTypbI KpeMHtIFI. npL gafbHeAWeM
TpaBneHLIL L36mpaTenbH6IM TpBaaTeneM C4pTnq eute B
TeYeHme 5 MLHYT Ha6n1ogcanocb nORBneHLe cnos, co-
gepwaL4ero oTgenbHbie ALCnoKaOL4LIL1 nL uHW cKonb)e-
HLI (pmc.3). 3aMeYeHO, 4TO TOJL14Ha nepeXOAHOW o6-
nacTm KpeMHMq, cogep*aUiero pa3ynopsiAoeHHbA
c.noL' L gCnOKa1LIOHHbie ceTKI4, npsmo nponopLAwo-
HaJTbHa TOJLLAMHe BblpaAeHHOrO 9WOKCLIa, TO cOBna-
gaeT c pe3ynbTaTacm pa6oTbl [5]. Ecnu y4ecTb, 4TO
o6nacTb WHBePCHOHHoro npOCTpaHCTBeHHoro 3aps;Aa Ha
rpaHm4e gLOKCLg KpeMHLI.- KpeMHLiU, onpeA4entouAas
pa3mep KaHana ToKonepeHoca, npM HO MallbHbIX KOH-

LAeHTpaAi4Lqx nerwpyiouAeA npiMecw(1014 - 1015 )cm3,
nInOTHOCTL nlOBepXHOCTHbIX COCTOAHAA 10 CM B3
L 3aTBOpHbIX Hanp9>ceHmqx nopqgKa eguHMLL BOJ1bT,
COCTaBlnleT geCTKL4 MIKPOH, CTaHOBMTbCq sCHO, LITO
nlpOBOgt4MOCTb nepeXOgHOA o6naCTw B npoLAecce TOKO-

nepeHoca AOn*KHa mrpaTb pewaiouLyio ponb. McXogs H3
npOBegeHHbIX mccJegOBaHLI peanbHyIO cTpyKTypy
MO)KHO nlpegCTaBUTb B BLge cXeMbi, npegCTaBneHHOW
Ha pLCYHKe 4.
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YLrTblBaA TaKylo CTpyKTypy npfnOBePXHOCTHOA o6-
naCTI4 KpeMHHS, pe3ynbT4pylutHN ToKonepeHoc, na-
pannenbHbIu nnocKocTu nepexoga, 6ygeT onpegenS;Tb-
CS, KaK

IT=WL- CiVd (Vg-Vt)(ljLidi), (1)

rge - V g - Hanpq)KeHme Ha 3aTBOpe, V t - noporOBoe
HanlpFDKeHme, 3aBHCSLee O6blHblM O6pa3OM OT Hanps;-
)KIeHm4 nfJOCKLIX 30H, 3apqga B gl4OKCt4ge, 3apgra Ha
rpaHUuie gUOKCMg KpeMHL45I - KpeMH4U 14 3apsga B
KpeMHM4I, C - o6beMHas eMKOCTb AWOKCLga, p d i-
npO43BseeHme nOgBL)KHOCTL4 Ha TOnuLLHy i- ro cnosR, W
L -OTHOweH&ie WliPI4HbI K /JIHe KaHana.

3KcnepUMeHTanbHO 143MepeHHbie 3Ha4eHHq TOKa (le)
HaCblueHUI OTnJ4anfCb OT TeOpeTNIeCKtI paCC-lITaH-
HbIX (IT). Ecnu y'eCTb, 4TO OCHOBHbIMU4 geoeKT03aB4-
CSULqL4Mm napameTpamU qBnqIOTC nlOgBL)KHOCTb U nopo-
roBoe HanpqDKeHme, HeO6XogUiMo 4cc1egOBsaTb Bn&lqHi4e
Ha HU4X peanbHOM CTPYKTypbl KpeMHL4. B KaHaJlbHOU o6-
nacTi. Ha OCHOBe 13MmepeHq BonbT-coapaJHbIX xapaK-
TepICTWK, cgenaH BbIBOg B TOM, 4TO OTKJlOHeHUe N3Me-
peHHblX nlOpOrOBbIX HanpfKeHL4 OT TeopeTLmeCKI4 pac-
C414TaHHblX cocTaBnqeT He 6onee 2 B, 4TO He MO)KeT
BHOCUTb pewatouLw4 BKnag B 3MeHeHLIe BOllbT- aMnep-
HbIX XapaKTepUiCTUIK.

Ec.niu y4eCTb, 4TO B WHBepCWOHHOA O6n1acTL CTpyK-
Typbl pacnonaraeTcs KaHaJI ToKonepeHoca, cogep)Ka-
uu4m pa3ynopsgoJeHHblAcnOu KpeMHMS4 L4 g&lCnOKaL4L,-
OHHbie ceTKt4, TO yMeHbWeHLe TOKa CBq3biBanJOCb C 143-
MeHeHIeM nlOgB)KHOCT&l HOCUTenJel 3apRga B KaHane.
TaKluM o6pa3oM, ecnuL He y'4LTbIBaTb "L4HTepc)epeHILIIO"
npoI4eccOB paCCeRHLSI, Bblpa)KHLeHIe / pe3ynbTLpyIO-
LLeA nOABH*KHOCT4 MmeeT BUg

1 1 1 1 (2)_= + + 2
P Aq,f Pq,d Aq,s

rge q,f- C4OHOHHas cocTaBntou.£aq, ,, - pacceqHwe
OT rpaHl4LAbI pa3gena, pq,d - paCCeHl4e Ha gL4CJOKaLA[4-
sx. CornaCHO o6uAet3BeCTHOMy BbipaKeH&lio[5] Ans k,d

fiq,d 3q
* -1 3

8m' RNV (3)
rge q - 3apsA 3neKTpOHa, m - 30c:xeKTNBHaq macca
HOC4Tenegi 3apqga, N - nnOTHOCTb gmcnofKaILIii, R -
paguyc npOCTpaHCTBeHHOrO 3appga gmcnoKa4L1i, V -

CKOpOCTb paCCeRHIS 3n1eKTpOHOB.
C nOMOllUbIO Bblp-)KmeH&L9 (1)MOWHO paCCYLITaTb TeO-

peTHwecKme 3Ha4eHLA TOKa L C yIeTOM 3KcnepL4MeH-
TanbHbIX 3Ha'4eHM11 TOKa (le), COCTaBnJlq pa3HHLAY TOKOB
(le) -(IT),MO)KHO Onfgl/enfTb napameTp 9MCnOKaL4LI B
ceTKax R..Jrsn 60 u C14CnOKa4LUi OH COCTaBJnqeT nlOpRg-
Ka 1 MKM .Pac4eT WAn WUCTOA(He npeL4Un&iTLpOBaHHOA)
60 0g/cCnoKaL4LiL cornacHo BbIpa)KeHWIO

R-= ( f )1/2
7Na,d

rge f - cYHKLIL4u% 3anOJiHeHHI4I (<HeHacblLAeHHbIX)) CB9q3eAi,
C - cpegHee paCCTORHme Me)Kgy ((HeHaCbluAeHHbIMM
CB53SlMlU> L- Nad KOHLjeHTpa4LUS nermpypoLLAeg npMe-
CLI(Nd .1015 CM3)gaBani pe3ynbTaT R=0,05 MKM.

MeTOgOM 30C 6biuO yCTaHOBneHO (Ta6nr4LlAa), oTO
BgOnb gmCJ1OKaI4i 14U B MeCTaX UX nepece4eHmsq npoLc-
XO0LIT npeL,mnNTa48L KNcnopogpa. Kt4cnopo0 HaKanJin-
BaeTC5I B o6nacTSqx MaKCliMaJlbHOrO LI3MeHeHl49I ge-
cXOpMaLALOHHOrO nOTeH4LIana, Bo3ne qgep gmcnoKaL"IM
L o6pa3yeT XOpOWO H3BeCTHb6e aTMOC4epbi KoTTpena.
B 3aBMCMMOCTL OT nOJO)KoeHR aTOMOB KICJnOpOga B
KpLCTanJJiLeCKOW peWeTKH KpeMHL4FI OH nJL60 31neKTpm-

'eCKL aKTLIBeH, nu6o naccLBeH. nlOcKonbKy Ha UKCne-
pLMeHTe 6bluo nonyleHO 3Ha'ieHme pagmyca npocTpaH-
CTBeHHOrO 3apSla glCJnOKaLt414 B 20 pa3 npeBocXogq-
u.ee TeopeTLIeCKH paccwLTaHHbIA, cgeriaH BbIBOg 0
TOM, 'ITO gICJ1OKaL4UU B peanbHOM cny'ae npei4LnLTLI-
POBaHbI KL4CJ1OpOgOM, KOTOpblU 143MeHseT 3n1eKTpmLe-
CKKio aKTLIBHOCTb LC4JOKa4Lm qepe3 W3MeHeHme pacigy-
ca npOCTpaHCTBeHHOrO 3apslga, 4TO B ganJbHeLWeM
npHBegeT K LI3MeHeHUKI flOnBM)KHOCTL4 HOCITekeU 3apsi-
9OB L, KaK Cl1egCTBLe, K o6ibqCHeH1I10 Ha6JiioaeMOro
344eKTa OTKI1OHeHLIS; 3KCllepLIMeHTaJ1bHb1X TOKOB OT
TeOpeTL%eCKL paccqLTaHHbIX.

III. 3acnioWeHte
TaKmM o6pa3oM, B npoLiecce 4OpMLpOBaHLIR OKCLg-

HblX CnlOeB B npInOBepXHOCTHbIX o6J1acTlX KpeMHL14 o6-
pa3yeTCSl gOBOJibHO CJ1O)KHaP CTpyKTypa, COCTorlluaSI U3
cnoeB pa3ynopPgo4eHHoro KpeMH&I5;, o6nacTLI gcnoKa-
L4IOHHbIX CeTOK, COCTOSIl4UX LI3 60 / mcnoKa4LI L npe-
4mnIThpOBaHHbIX KLCnOpOgOM. Y4I4TblBaas TaKW CTpyK-
Typy, pe3ynbTmpymuu ToKonepeHoc, naparnenbHbIu
nnocKocTm nepexoga 6yJeT onpegenffTbC KaK cyMMa
TOKOB Hepe3 Ka)KgblU U3 cnoeB.

3c4eKa OTKI1OHeHLe 3KCnept4MeHTaJbHbIX BOnbT-
aMnlepHbIX xapaKrepLCTmK OT TeOpeTLILecKL paCCILITaH-
HbIX MO)KHO o61bCHLITh yMeHbWLeHteM nO9BL)KHOCT14 HO-
cLTeneA 3aPJqgOB npL B3aLMogeACTBLIL c npeLALnLTL4pO-
BaHHbIML ALI4JOKaLAWAML B TOKOnlpOBOgSpU.eM KaHaJie.
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INFLUENCE OF STRUCTURAL DEFECTS
ON ELECTRIC CURRENT IN THE
CHANNEL OF MOS-TRANSISTOR

Smyntyna V., Kulinich 0., Glauberman M.,
Chemeresuk G., Yatsunsky 1.

Mechnikov Odessa National University
e-mail: eltech@elaninetcom

Abstract - The influence of structural imperfections on the
basic parameters of the I-V characteristic of MOS-transistors
has been found out with aid of modern research methods.

- Silicon's subsurface layers consist of strong breaking sili-
con, which has some dielectric properties, and silicon crystal
layers with dislocation's nets and finished within the limits of
layers of silicon.

- Oxygen reveals electrical activity and influences the pa-
rameters of structural defects that, in turn, affect the charge
carrier mobility.

Key words: structural defects, MOS-transistor, silicon.
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Pu-ic. 1. noeepxHoCMb KpeMHuJ noci7e cHmu37~ SiC2,
Puc. 2. 3neKmpoHHoe u3o6pa)eHue ducnoKa4uoHHbIX

Fig. 1. Silicon's surface after removal SiO2 cemOK
Fig. 2. Electron-beam image of the dislocations nets

ELMT ELMT- Arom t-s.-,
Si 4-6. 32,786
Cl O~~~.201 0.125

Al 0.2-38 0. 22
5-2.633 66.007

Na 0.)360 030(
_ K_ _ 0.520 _. 0 50>

Ta67ut4a. 30C ducr7oKai4uoHHbIX ceMOK.

Table. EOS of dislocations nets

Puc. 3. 3neKmpoHHoe u3o6pa)eHue ducnoKaguO.
Fig. 3. Electron-beam image of a bunch of dislocations
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