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06~AH XAPAKTEPIICTIIKA P A60Thl 

AKiyaJihHOCTh npo6JieMhI: Pa3pa6oTKa rrpu6opoa coapeMeHHOii 

MHKpo::meKTp0HHKH, xapaKTepmyIOJ.UHXCSI BblC0K0ii ITn0TH0CTblO ynaK0BKH 

3JieMeHT0B, 6a3upyeTCSI Ha rny60KOM IT03HaHHH rrpoueccoa, rrpoTeKaIOJ.UHX Ha 

noaepXH0CTH H B T0HKHX rrpHrroaepXH0CTHbl~ o6nacTSIX rrorrynpoB0UHHK0B H TaKHM 

o6pa30M HenocpencTBeH0 CBSI3aHa C • pa3BHTHeM q>ll3HKH rroaepxH0CTH 

norrynpoaonttHK0B. OcHoBHh1M' 3rrel'.ie_HT0M .z:iircKpef11i',1x norrynpoao,nHHK0BblX 

np116op0B H HHTerparrbHbIX cxeM coapeMeHH0ii M_HKp03JieKTp0HHKH SIBJI.Slel,'CSI 

MHorocrroiiHa.SI CTpYKTypa rnna MeTarrn-)l113rreKTpHK-IlorrynpoaonHHK (M)lII) . 

IloCKOJibKY noaepxH0CTHbie 3qJq>eKTbI B norrynp0B0.L(HHKax Henocpe,ncTBeHH0 BJIHSIIOT 

Ha Ha,neJKH0CTb H cTa6HJibHOCTh pa60Tbl np116op0B, myqeHHe qJH3HKH rroaepXH0CTH 

nonyrrp0B0,L(HHK0B C IT0M0J.Ub!O M)];TI CTpyKTyp tipe3BbJl'.lattHO BaJKH0 ,[(JI.SI 

coapeMeHH0ii rronyrrpOBO,L(HHK0BOii TeXH0JI0rHH. 

lllHpoKoe rrp11MeHeH11e M)];TI cTpyKTyp B arrrrapaType KOCMHtiecKoii: 11 

crreUHaJibHOH TeXHHKH npHBeJio K Heo6xonHMOCTH II0BbillleHHSI pa,nHauH0HH0H 

CTORKOCTH np116opoa, C03,L(aHHb!X Ha HX 0CH0Be. Hccne,nOBaHHe rrpoueccoa reHepau1rn 

H 0TJKiffa pa.nHauH0HHblX .neqieKTOB, TecrnpoaaHHe Ha pa,nHaUH0HHyIO CTOHKOCTb H 

yaeJIH'!eHHe CT0HK0CTH M',nn CTpyKryp CTaH0B.SITC.SI Heo6xo,nHMblM 3TaIT0M 

np0H3B0,ncrna coapeMeHHblX nonynpoao,nHHK0BblX rrp116opoa H .SIBJI.SIIOTC.SI H0BbIM, 

BmKHblM HanpaaneHHeM pa.nnauHOHH0H q>H3HKH K0H,neHCHp0BaHHhlX cpe,n. 

Xorn cer0.L(H.SI H3BeCTHbI M)];TI CTpyKrypbl, H3f0T0BJieHHbie Ha pa3JIH'!HbIX 

rronynpoaonHHK0BbIX MaTep11anax, TaKHX KaK Ge, GaAs, InP, Si, c 11crron1,3oaaHHeM 

pa3JIH'!Hb!X ,L(H3JieKTpH'leCKHX cnoea, 113 acex M)lTI CTpyKTyp Ha116onee BIDKHblMH 

.SIBJI.SIIOTC.SI CTpyKTypbI MeTaJIJI-OKHCL-IIOJiynpoBO.L(HHK (MOm Ha 0CH0Be KpeMHHSI 

- (MeTaJIJf - SiO2 - Si), K0T0pbie II0JIYtIHJIH Ha116on1,111ee pacrrpocTpaHeHHe H 

K0T0pbie HBJIHIOT<;ll npenMeT0M HCCJIC.L(OB3HHH 11acroiimeii pa6on,1. 

OTKpb!THe 11aCCHBHpy10m11x CBOHCTB 0KHCH KpeMHHSI rrpHBeJI0 K pa3pa60TKe 

nnanapHOH TeXH0JI0rHH, K0T0paSI CTarra na116orree pacrrpocTpaHeHHOH B 

coapeMeHH0M rrorryrrpoB0){HHK0B0M 11p116opocrpoeHHH. B HaCT0SIJ.Uee apeMSI 

6orrblllHHCTBO rrpn6opoa MHKp03JieKTp0HHKH Bblll0JIHeHbI Ha ocnoae CTPYKTYP THrra 

MOTT. 
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HapR.UY c OKHCJIOM, rpaimua paJ.uena Si-SiO2, B03HHKaIOlllM npH TepMHqecKoM 

OKHCJieHHH KpeMHHR, RBJIReTCR BlDKHeil:rneil: qacrb10 MOTI CTPYKTYP- OT Kaqecrna . 
::noil: rpaHHUhl 3aBHCJIT 3JieKTpO<pH3HqecKHe xapaKTepHCTHKH MOTI TpaH3HCTOp0B H 

HHTerpaJibHbIX cxeM, HX CTa6HJibHOCTb n pa.unatiHOHHM CTOHKOCTb. 

MHorocnoil:Hbiil: xapaKTep MOTI CTPYKTYP, HaJI11qne rpaH11u pa3.uena MelKny 

OT.UeJibHbIMl1 MaTepnanaMH . (MeTaJIJI-OKl1Cb n OKHCL-Ilonynpoiio.UHHK); c 

pa3JlnqHbIMH MexaHnqecKl1MH, OilT11qecKl1MH H 3JieKTpO<pH3H11eCKHMli . CBOHCTBaMH, 

C03.UaeT cneunqinqecKylO qyaCTBHTeJibHOCTb K pa.unau11n H npHBO.U11T K. cneny10m1-1M 

OCHOBHbIM ·pe3yJJhTaTaM: a) reHep11poBaHHe IlOJJOlKHTeJibHOro BCTpoeHHOfO 3apl!.Ua B 

OKHCJie; 6) reHepnpoBaH11e IlOBepXHOCTHbIX 3JieKTpOHHbIX COCTOllHl111' Ha rpaH11ue 

pa3nena Si-SiO2 11 C) o6pa30BaHHe rnqeqHblX . pa.unauHOHHbIX . necpeKTOB B 

nonynpOBO.UHHKOBOil: IlOWJOlKKe. 

:tt-
B paMKax IlJiaHapHoil: TeXHOJIOfHH. HOHHM HMnJiaHTaumi l!BJil!eTCll OT.UeJibHbIM 

TeXHOJJOrH'-!eCK11M 3Tall0M npOI-13B0.UCTBa nonynpOBO.UHHKOBbIX np1-16op0B. Mernn 

HOHHOH HMilJlaHTaUIIH 11MeeT Pll.U npeIIMYllleCTB B npouecce nernpoBaHl1ll 

rronyrrpOB0.UHHKOB no cpaBHCHHIO C TepMlfiCCKOil: .UH<pq>Y3l1eil:. OcHOBHbie 

.UOCTOl1HCTBa HOHHOil: HMilJlaHTaUI-11-1 3aKJIIOqa!QTCJI B TOM, '-ITO OHa rrpoT~KaeT np11 

HH3KOH TeMnepaTyp_e H Il03B0JllleT crporo KOHTpmmpo~aTb )\03Y, rny6nHy 11 

0.[\HOponHOCTb 11MilJlaHT11pOBaHHbIX np11Meceil:. C IlOMOlllh!O 11MilJiaHTfilll111 MO)l(HO 

113MeHl1Tb ypoBeHb nernpoBaHl1JI nonynpOBO.UHHKa, C03.[\aBaTb CJIOl1 Ha onpe.ueneHHOH 

rny6nHe C KOHUeHrpfill11eil: HOCl1Teneil: 3apll.UOB 06m1x THilOB, KOTOpbIC Heo6XO.U11Mbl 

np11 113fOTOBJieHHH IlOJieBblX rpaH3HCTOp0B 1-1 HHTerpaJibHbIX MHKpocxeM pa3JIHqHoro 

npHMeHCHHll. HecMOTpR Ha 3TH .UOCTOHHCTBa, CaMa HMilJlaHTaUI-!ll C03.UaeT 

pa.u11au1-10HHbie ne<peKTbl, KOTOpbie )l(eJiaTeJibHO ycrpaHl!T;b' npo_rpeBM 

HMilJiaumpoBaHHblll o6paJeu He Bblllle 300-400° C. J,fayqeHne npoueccoB HOHHOH 

HMilJiaHTaU11H, npHpOL\bl pa.unaUHOHHbIX .ueqieKTOB, OT)l(Hra 3THX .ueqieKTOB 1-1 .upyrnx 

BOilpOCOB, CBl!3aHHbIX C HMilJlaHTau1-1eil: nonynpoBO.[\Hl1KOB, JIBJlll!OTCll cpaBHHTeJJbHO 

HOBbIM H nepcneKTHBHbIM HanpaBJieHHeM q>I-131-lKH nonynpOBO.UHHKOB, 

06ecrreq11na10mHM .UaJibHenrnee npHMeHeH1-1e 3Toro MeTOJW B conpeMeHHOH 

MHKp03JieKTpOHHKe. 
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HecMOTpll Ha 60JiblllOe KOJIHqecrno HaKOilJleHHbIX 3KCrrepHMeHTaJibHblX H 

TeopeTnqecKHX naHHblX, q>H311Ka npoueccoB, npOHCXO.[(lllllHX B OKHCJIC H Ha rpaHHUe 

pa3nena Si-SiO2 npn 06nyqe11uu HJIH HMilJlaHTaUHH CTPYKTYP Si-SiO2, B HaCToRmee 

BpCMJI eme He IlOJIHOCTblO H3yqeHa. -3-ro CBll33HO C TCM, '-ITO HaKOilJJCHHe 

pa.unau110HHO-HH.llyunpoBaHHoro Japll.ua· B MOTI CPYKTypax CHJihHO 3aBHCHT OT 

MHornx <p3KTOpOB, TaKHX KaK CBOHCTBl\. HCXO)lHOro MaTepnana, TCXHOJIOrnR 

nonyqeHI-!ll OKl1CJia, MaTepnana )lH3JieKTpHKa, H3KOilJleHHl! npHMeceil: B ITOWJO,KKC H 

OKHCJie, o6pa6oTKH CTPYKTYP IlOCJie OKHCJIHTeJJbHOro npouecca, YCJIOBHii: o6nyqeHHl! 

H HMilJlaHTilUHH; nocr-pa.unaUHOHHOii: o6pa60TKH crpyKTyp H Jlp. Ilpe.!lJIO)l(eHHbie 

TeOpeTH'-!eCKHe MO.UeJIH o6hJqHo o6'bJICHll!OT B TOH HJIH • HHOil: CTelleHH JIHlllb '-!3CTb 

Ha6mo.uaeMLIX 3KCnepHMeHTaJib_HblX pe3yJibTaTOB. 

Ilpe.ucTaBJieHHbie Bblllle IlOJIO)l(eHHll paCKpb!BaIOT llKT)'aJibHOCTb H 3Ha'-!HMOCTb 

npe)lJIO)l(eHHOil: pa60Tbl. AKzyaJibHOCTb H3CT0llllleil: pa60Tbl onpe.UeJJlleTCJI H TeM, '-ITO 

coJ.n;attne HOBbIX _THilOB npn6opoa H HHTerpanbHhIX cxeM Ha OCHOBe MOTI CTPYKTYP, 

cy6MHKpOHHM H .n;pyrne HOBbie TCXHOJIOrHH npOH3BOJJ;CTBa ITOCTOJIHHO yaeJIH'IHBaIOT 

rpe60BaHHJI .K 3JieKrpO!pH3H'-!eCKHM xapaKTepHCTHKaM TOHKHX npHITOBepXHOCTHbIX 

CJIOeB nonynpoBOJJ;HHKa, a TaK)l(e K CTa6HJibHOCTH JJ;H:meKrpH'-!eCKHX IlOKpbITHH. 

TTpoBe.n;eHHhie a .UHCCepTfillHOHHOil: pa6oTe HCCJieJJ;OBaHHl!. HanpanneHbl Ha 

H3yqeHHe npoueccoB reHepaUHH H OT)l(Hra pa.uHfillHOHHblX .n;eqieKTOB B MOTT 

crpyKTypax, Ha ynyqrneHHe 3JieKrpO!pH3H'-!eCKHX xapaKTepHCTHK H yaeJIH'-!eHHe 

pa.uHfillHOHHOii: CTOHKOCTI-1 npn6opoB, pa6oTaIOlllHX B HOHH3HPYIOllleii: cpe.[(e. OHH 

l!BJIJIIOTCJI aKzyaJibHbIMH H B3)1(Hb!MH }];Jill HOBOro H nepcneKTHBHOro HanpaBJieHHJI -

lpll3HKH pa.uHfillHOHHbIX 3«p«peKTOB B MHOfOCJIOHHhIX CTPYKTYPax, - HaxO}];lllllerocl! Ha 

rpaHH !pH3HKH noaepXHOCTI-1 nonynpOBOJJ;HHKOB H pa.uHfillHOHHOH !pH3HKH 

KOHJJ;eHCHpOBaHHbIX cpe.n;. 

OcuoBHaH UCJIL HaCTOHlllCH pa60TLI 3aKJIIO'-!aeTCJI B KOMnJieKCHOM 

HCCJICJJ;OBaHHH npnpOJJ;bl lpH3H'-leCKHX rrpoueccoB, npoTeKaIOlllHX npH B3aHMOJJ;eHCTBHH 

faMMa nyqefi, BblCOK03HepreTH'-!eCKHX 3JieKrpOHOB H HOHOB pa3JIH'-!Hb!X XHMH'-!eCKHX 

3JieMenToB co CTPYKTYPaMH MOTT n, B qacTnOCTH, cocTOHT: 1) B HJy'-leHne npoueccon 

reHepaunn .n;eqieKTOB Ha rpattnue paJ.n;ena Si-SiO2, B rrpnnoaepxHOCTHoil: o6nacTH 

KpeMHHJI n a OKHCJie KpeMHHJI npH o6nyqeHHH n HMITJiaHTfillHH; 2) a HCCJie)lOBanne 

npoueccoB 3BOJIIOUHH )le<peKTOB HOHHOil: HMilJlaHTaUHH npn HX TepMnqecKOM, 
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IIJia3MeHH0M Il .l{pyrnx HeTpa.l{HUil0IIHblX BH.l{aX QT)!(Hra Il 3) B onpenene111Ie H 

yBeJmqeHue pa.nuauuoHHOH cToiiKocrn MOTT cTpyKTyp. 

)];nH peamnau1111 rrocTaBnemwii uenu peml!J,;IHCb cne.uyio1U11e nay'IHbie 3a.uaq11: 

LYcoBeprneHCTBOBmme BOJibTl<papa,n11h1x (KBaJHCTaTHqecKoro u BlJ CN) u TO3 

MeT0.l{0B,_ II03B0JIJ!IOIUilX IlCCJienoBaTJ, 0CII0Bllb!e, CB0HCTBa MH0fOCJIOHHb!X CTPYKTyp_: 

;mepreTHqeCKile CIIeKTpb! II0BepXH0CTllbIX ·. ::meKTP0HHb!X C0CTOJ!IIHH u rny6oKHJ:( 

ypOBHeii B o6naCTil rrpocTpaHcTBeHH0ro 3apl!na II0Jiyrrp0B0L{IIHKa Il rrpouecCbl 
. . . . ' ' ' 

HaK0IIJieHHJ! 3apl!.l{a B 0KilCJie 06nyqe11HbIX Il IlMIIJiaHTHp0BaHHblX MOTT CTPYKTYP-

2. J13yqeHHe rrpoueccoB reHepaum1 .. pa.nuauuoHHhix ne<peKToB, rronyqeHHhIX rrpu 

?6nyqeHHII raMMa nyqaMII, BbIC0K0JHeprernqeCKil~H 3JieKTp0Ha11II IIJIIl rrpH 

IIMIIJiaHTaUilll pa3JIIlqHb!X II0H0B, a •. TaKlKe B pe3yJibTaTe .l{BOHHOH o6pa60TKH -

o6nyqeHIIJI 1IMIIJiaHT1:IP0BaHHbIX MOTT CTpyKTyp. 

3. J13yqeH1Ie oco6eHHOCTeii rrpouecC0B peK0HCTPYKUHII, B3aHM0L{eHCTBIIJ!, 

rracC1IBau1m Il 0TlKIIra ne<peKTOB IlMI!JlaIITaUllll B, 0, Si, He, Ar II .l{p. Il0H0B, I!plI 

TepMuqecKoii, IIJiaJMeHHoii, UV II pe11TreH0BcKoii o6pa6oTKe Si-SiO2 cTpyKTyp. 

4. Pa3pa6oTKa Mernnos ynyqrneHIIJI pan1IaU1IOHH0ii cToiiKocrn MOTT CTpyKTYP c 

II0M0!Ub!O YMeHhIIIeHIIJ! K0HUeHTpaUIIIl MIIKporrp11Meceii, II0CT0KIICJIIITeJibH0ro 

oxnalKL{eHIIJ! Il UilKJIIIqecKOH o6pa60TKII CTPYKTyp. 

HayqnaH H0B113Ha HaCT0HIUeii pa60Tb! 3aKJIJOqaeTCJ! B cneny10meM: 

I.. BnepBbie nposeneno K0MIIJieKCH0e IlCCJienoBaHIIe BJilll!HIIll JJieKTp0HH0ro 

(sucoKm:mepreT1IqecKoro 11-18 MJB) o6nyqeHIIll 11a MOTT CTpyKTyphr. OnpeneneilhI 

:meprHII, IIJI0TH0CTII Il ceqeHHJ! 3aXBaTa neqieKTOB o6nyqeHlll!. 

2.' BnepBb!e o6HapylKeH 11 o6bl!CHeH npouecc pa.l{IlaUH0IIH0-CTIIMYJIIIp0BaHH0ro 

0KHcneHIIll MOTT CTPYKTYP (Ha ocHoBe n-Si) rrplI o6nyqeHIIIl Bb!C0K0JHepreT11qecK1IMII 

3JICKTP0HaMII. y CTaH0BJieH0, qT0 11a6monaeMb!H ::iqiqieKT 6JIOK1IpyeTCll 

npenBapnTeJibll0H HMIIJiaHTaUHeii n-TIIna CTpyKTyp II He 11a6monaeTCll nplI o6nyqeHHH 

p-rnna MOTT CTPYKTyp. 

3. BnepBb!e 06Hapy2Kellbl II ll3yqeHbl ::iqiqieKTbl QT)KIIra pa.l{IlaUH0llllblX neqieKTOB 

IIOHIIOH HMIIJiaHTaUIIII B npnnoBepXH0CTH0M CJI0e noJiynpoB0JIIIHKa npn Y!l> 

o6pa6oTKe CTPYKTYP SiOz-Si. TToKaJaHo, qTQ B JaBHCHM0CTH OT no3hI Y!l> 06nyqe11nJI 

.ne<peKTbl HOHIIOH HMIIJiaHTaUHH B MOTT CTPYKTypax IIJIIl 0TlKIIfaJOTCll, HJIII C03.[la!OTCJ! 
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II0Bb!e .ne<peKThl, npuqeM, npouecc re11epaun1I II0Bb!X .ne<peKTOB M0lKeT •HaqaTbCJ! KaK 

JI0, TaK H nocne nom1oro 0TlKHra .ne<peKTOB HMIIJiaHTaUHII. 

4. Y. CTaH0BJiellbl 3aK0II0MepH0CTII TepMuqecKoro II I!Jla3MeHH0ro (r.f.) 0TlKHra 

HMIIJiaHTaUH0llllb!X .ne<peKTOB B np1-1n0Bepx110CTII0M CJI0e KpeMHHJ! H 11a rpaHIIUe 

pa3Jiena SiO2-Si. TTpo,neMOHCTPHPOBana onpe,neJIJIJOIUaJI ponb Bo.nopo.na B JTIIX 

rrpoueccax. BnepBbie npe.nnolKeHbl II0Bble KOM61IHHpOBaHHb!e o6pa6oTKil 

MH0fOCJI0HllblX CTPYKTYP, coqeTaJOIUIIe TepMHqecKHH (B M0JieKynl!pH0M BO,nopo.ne) Il 

r.fnnaJMeHHb!H (B BO,nopo.nnoii I!Jla3Me) 0TlKIIrH .ne<peKTOB IIMIIJiaHTaUIIII. 

5. B pa3pa60TKe, c03,na11uu II HCII0Jib30BaHIIII II0Bb!X MeT0.[10B yBeJI1-1qe111Il1 

panuaUII0HHOII CTOIIKOCTH MOTT CTpyKTYP 11a 0CII0Be: a) YMeHbllleHHJ! K0HUe11Tpau111-1 

np11Mece11, 11aKarnmsa10IU11Xcll BO speMll npo113Boi(crna MOTT cTpyKTYP · c noM01iiL10 

pM11au1Io11110-crnMynnposa1111qro renepupoBaHIIll; 6) UHKJIJiqecKoii o6pa60TKII MOTT 

cTpyKTYP (UHKJI cocToHT II3 nocnenosaTeJlhHhIX o6pa6oTOK MOTT CTPYKTYP HII3KllMII 

JI03aMH raMMa nyqeii H HIIJK0TeMnepaTypHb!M TepMH'leCKIIM 0TlKIIfOM 11 B) 

nocTOKHCJIHTeJibHoii o6pa6oTKII MOTT CTPYKTYP B cpene KHcnopona. 

,[(1IccepTaUHJ! IIMeeT rrpaKTU'ICCK)'IO uemlOCTb s o6nacTH pa3BIITHJ! npHKJia.l{Hb!X 

~onpocoB <plI31IKII rrosepxnocTn rronynpoBo,nHIIK~B II pa.nHau11011noii <plI31IKH 

K0H.[leHCHpoBaHHb!X cpen, K0TOpal! 3aKJIJOqaeTCJ! B cne,nyJOIUeM: 

1. B ycoBepllleHcTB0Bmmu BOJibTl<papa,n11b1X u T03 MeTo,noB, noJB0JIJIJO!llHX 

IlCCJie.l{0BaTb 0CH0Bllb!e CBOHCTBa 06nyqe11Hb!X Il IlMIIJiaHTHp0BaHHbIX MOn CTpyKTyp. 

2. B pa3pa60TKe II0Bb!X TeXH0JI0rH'leCKilX npouecC0B 0TlKHra HMIIJiaHTHpoBaHHb!X 

SiO2-Si CTPYKTYP, TaKHX KaK Y!l> 0TlKHr n X-nyqesaJI o6pa6oTKa cTpyKTyp. 

3. B pa3pa_6oTKe H0BbIX MeTo,noB yBeJIH'leHHJI pa.nuauuo1111oii crniiKocm MOTT 

CTPYKTYP· 

.OcHOBHble IIOJIOlKCHHH, BblHOCHMbie Ha 3am11ry: 

I. KoMIIJieKC ycosepllleHCTB0BaHHb!X MeT0L{0B 113yqe11Hl! PMHaUH0Hllb!X 

necpeKTOB B MOTT CTpyKTypax, nonyqeHHb!X B pe3yJihTaTC pa3llll'IHb!X B11110B 

06nyqe11u11 II IIMIIJiaHTaUHII. 

2. Pe3ynhTaTh1 no 113yqen1110 npoueccos J.tecpeKT006pa3osamU1 B MOTT 

CTPYKTypax, o6nyqeHHblX Bb!C0K03HepreTll'ICCKIIMH 3JlCKTponaMH C ::inepntl!Mll 6onee 

11 M::iB. 
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a) Pau1rnu11otttto CT11Mym1posattttoe OK11cnemIe n-rnna Si-SiO2 cTpyKTyp np11 

06n)"-leH1111 BhlCOK03HepreTlltJeCKIIMII 3JieKTpOHaMII. 

6) Pe3ynhTaThI no B3allMO.[{eikrnmo .necpeKTOB II0HHOH 11MnnattTau1m 

Bh!C0K03HepreTHtJeCKIIMH 3JieKTpOHaMH. 

3. Pe3yJihTaTbl no 113)"-leHHIO npoueccoB OTllmra IIMnnattTaUIIOHHhIX .necpeKTOB B 

MOIT CTpyKTypax TPa!lHUHOHHhlMII H HeTpa!lllUHOHHhlMH MeTO.QaMII. 

a) 3cpcpeKThl OT)I<Hra .necpeKTOB IIMnnaHTau1111 np11 Y<l> o6pa6oTKe Si-SiO2 CTpyKTyp. 

4. KoMnneKc Mern.nos ysen11tJett11ll pau11au11otttto11 CTOHKOCTII MOIT CTPYKTyp: 

a) YMeHbIIIeHlle KOHUeHTpau1111 He)KeJiaTenhHhIX npHMecett B Si-SiO2 CTpyKTypax B 

pe3ynhTaTe rerrep11posattl151 KpeMH11esux nnacTIIH, 

6) UIIKJIHtJeCKall o6pa6oTKa MOIT CTPYKTYP (06nyqett11e raMMa nyqaM11 H113KOH .Q03hI 

+ HH3KOTeMnepaTypttbIH TepMlltJeCKIIH OT)Kllf), 

B) noCTOKIICJIHTenbHOe oxna)K.[{eHlle Si-SiO2 CTpyKTyp B KIICJIOpO.QHOH cpe.ne. 

MOJKHO CtJHTaTb, tJTO pe3yJihTaTbl npllBe.QeHHOro UHKJia pa6oT onpe.ne~JUOT HOBOe 

aKTYMhHOe Hanpasnett11e B Ql11311Ke nonynpoBO.[{HIIKOB II .[{113JieKTPIIKOB, a TaK JKe B 

pa.QllaUHOHHOH Ql11311Ke KOH.[{eHCllpOBaHHhlX cpe.n - pa.n11aUH0HHble J:{e<f>eKTbl B MOIT 

cTpyicrypax. 

Anpo6aUHH pa6oTbl. OcHOBHbie pe3yJihTaThl ,!lllCCepTaUHOHHOH pa6oTbl 

.[{OKJia.[{hlBMIICh II o6cylK.[{anHCh Ha cne.ny10iu11x MelK.QyHapO.[{Hb!X KOHcjiepeHum1x: 

<l>11J11Ka KOH,!leHc11poBaHHh!X cpe.n - ISCMP (7-10) (BapHa-1992, 1994, 1996, 

1998) B Eonrapuu; VI BcecoIOJHOM CoseiuaH1111 no <l>11J11Ke ITosepxHOCTHhIX 

llBJieHHH B ITonynpoBo.QHHKOB, (Kues 1987); International Workshop on Ion 

Implantation in Prague 1985.; Conference of Semiconductor Surfaces & Interfaces 

(Reinhardbruun-1983) u Energy Pulse Modification on Semiconductors & Related 

Materials (Dresden-1984) B fepMaH11u; Electronic Properties of Metal/Non-Metal 

Micro System (EPMS-1993) 4-th International Workshop - Sheffield, B AHrn11u u 5-th 

International Workshop - Wroclaw-1995, Poland; 10-th International Conference 

on Ion Beam Modification of Materials - (IBMM-1996, Los Alamos) arid II-th 

(IBMM-1998, Amsterdam); 9-th Radiation Effect in Insulators (Knoxville -1997, 

USA) 11 .np. 
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Ily6JIHK3UHH. ITo MaTepHanaM, BOIIIe,UIIIHM B HaCTOllIUYIO. ,!lHCCepTaumo, 

ony6nHKOBaHO 6onee 80 pa6oT. OcHOBHb!e pe3yJihTaThl npe,ncTasJieHbI B 36 Ha)"-!HbIX 

CTaTbllX asTOpa, ony6nHKOBaHHhIX s 6onrapCKHX u MelK,llyHapo,nHbIX Ha)"-!HbIX 

lKYPHMax, cnHCOK KOTOpbIX npuBe,!leH B KOHUe aBTOpecjiepaTa. B Hero He BXO.[{JIT 

,!lOKJIMbI Ha KOHcjiepeHUHJIX. 

CTpyicrypa H 06'beM ,!lHCCepT3UHH: .[{11ccepTaUHll COCTOHT H3 BBe.QeHllll, Ill!TII 

mas II 3aKJIIOtJeHIIJI. B HatJane Ka)!(.[{OH rnasr,1 !pOpMyn11pyeTCJI IlOCTaHOBKa Ja.QatJH H 

KpaTKOe H3JIOJKettHe peJyJibTaTOB, a B KOHUe - Bb!BO,!lbI H CilllCOK HCilOJihJyeMoii 

JIIITeparyph!. .[{11ccepTaUllll CO,!leplKIIT 134 crpatt11U TeKCTa, BKJI!OtJaIOIUero 56 

p11cyHKOB, 13 Ta6JIHU H 6H6rr11orpacji1110 H3 192 CChillKH. 

Ocu~euoe coAep,r.:auue pa6oTLI 

Bo BBe,!lettue 060CHOBh1BaeTcJ1 aKTYMbHOCTh BhI6paHHOii TeMLI, cjiopMynHpyeTCll 

uerrh H 3a.QatJH pa60TbI, H3JiaraIOTCll nepcneKTHBhI npHMeHeHHll 3THX HCCJie,!lOBaHHH, 

co,neplKHTCJI KpaTKall xapaKTepHCTHKa Ka)!(.[{OH rnaBhI H 3aKJIIOtJeHmI. 8 KOHUe 

npHBe.QeH CilHCOK MexmyHapo,nHbIX Ha)"-!HhIX KOHcjiepeHUHH, Ha KOTOpbIX 

,!lOKJia.QhIBanacb H o6cy)!(,llanacb 'IaCTh BKJIIOtJeHHbIX s ,!lHCCepTaUHIO pa6oT H nepetJeHb 

HaytJHb!X )KypHMOB, s KOTOpb!X ony6JIHKOBaHbI OCHOBHble peJyJihTaTbI pa6oTbI. 

B nepnou mane: YcoBepmencmBoBanue 60llbmlpapaonblX Memooo6 npu 

UCCJle006allUU 06J1Y'leHllblX u UMnlla1Jmupo6allllblX Mon cmpyKmyp: npHBe,neHbI 

peJyJihTaThl no ycosepweHCTBOBaHHIO O,UHHX H3 CaMh!X pacnpocTpaHeHHhlX MeTO,UOB 

,n11arnoCTIIKH MHorocJioil:HHbIX cTpyKTyp. 

ITpe,!lJIOJKeH MeTO,!l ycosepweHCTBOBaHHJI KBa311CTaTll:tJeCKOH CN MeTO,nHKH npH 

HJ)"-leHIIH 3HepreTHtJeCKOro cneKrpa nosepXHOCTHb!X COCTOJIHHH, pacwHpllll 

IICCJie,!lyeMyro tJaCTh JanpemeHHOH 30HhI noJiynpoBO,UHHKa. ITpe,nrraraeTCJI 

npoTeKaIO~HH qepe3 crpyKTypy TOK JaIIHCh!BaTb rrpH B03paCTaHIIH H rrp11 

YMeHhIIIeHIIH rrp11rroJKeHHOro HanplllKeHllll, MeHllIOIUerocll ITO JIHHeHHOMy 3aKOHy. 

Cpe,!lHee Me)!(.[{y HX a6cOJIIOTHhIMH JHatJeHllllMII, llBJilleTCJI BeJilltJIIHOH TOKa, 

rrpoTeKa10mero tJepe3 CTPYKTYPY, cso6o,nHyro OT YTetJeK. B peJyJihTaTe cKatt11pyeMaJ1 c 

YJlOBJieTBOp11TeJibHOH TOtJHOCTh!O tJaCTb 3anpeiueHHOH 30HhI rrorrynpoBO,!lHIIKa 

yseJIHtJHBaeTcll (s CJI)"-lae KpeMHllll OT Ec-0.15 ,no Ec-0.95 eV, - P11c.l). TaKyro 

IIIllpOKYIO tJaCTh JarrpeiueHHOH 30HhI rrorrynp0B0,!lHIIKa He y,naeTCll o6cJie,!lOBaTh 

,npyrHMII eMKOCTHbIMII MeT0,UaMII. 
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Pttc. l. Yaenll'leHtte ttccneAyeMoli o6nacTH JanpeiueHHoii JOHhI KpeMHH>I c noMO,ll.lhIO npeMOJKernwro 

ycoeepweHCTBOBaHH>I KBaJttcrnrnqecKoii C/V MeTO)(HKH. 

IIpoBe.UeH TeopenPieCKHH a_H3JIH3 BblCOKO'laCTOTHHblX CN xapaKTepHCTIIK 

HMIDJaHTHpOBaHHbIX MOII CTPYKTYP C yqeTOM 3Hepr1III II .U03bl BHe.UplleMb!X HOHOB II 

IIOKll3aII0, 'ITO B 3aBIICIIMOCTII OT TII!Ia rrpOBO.UIIMQCTII nO)UIO)KKH II T0JIIUIIHbl OKIIcna 

B TOHKOM npHIIOBepXHOCTHOM cnoe Si o6pa3ylOTCll p-n HJIH n-p rrepeXO.Ubl. Hx 

eMKOCTH 061>llCHlllOT YMeHbllleHIIe eMK0CTII OKIICJia IIMIInaHTIIpOBaHHblX CTPYKTYP

IIpe.n.rro)KeHHM MO.UeJib .uaeT B03MO)KH0CTb orrpe.uenHTb napaMeTpbl HajJyUieHHOii 

HMIInaHTaUIIeii nplinOBepXHOCTHOH o6nacrn Si (rny61IHY, KOHUeHTpaUIIIO .uecj:>eKTOB II 

TOJIIUIIHY .uecj:>eKrnoro CJIOll). Ha OCHOBe· II3y'leHHOro 3cp<peKTa 'i:-1pe.uno)l(eH Mern.u 

oueHKII KOHUeHTpaUIIII aKTIIBHh!X nplIMeceii B nonynpoBO.UHIIKe !IO II3BeCTHOii 

3Hepr1III IIOHHOro nY4Ka II no cna.uy BeJIII'IIIHbl MaKCIIMaJibHOii eMKOCTII. 

,[(nll onpe.ueneHIIll napaMeTPOB JIOBYUieK, OTBeTCTBeHHb!X 3a Ha6mo.uaeMbie 

crreKTPbl TO3, B HaCTOlllUeii pa6oTe rrpe.UJIO)l(eH MeTO.U "noneBoii O'IIICTKII", KOTopoii 

3aKJIIO'laeTCll B nocne.uoBaTeJihHOM yMeHbll!eHIIII BeJIII'IIIHbl HarrpmKeHIIll, 

nplIKJia):(bIBaeMoro K MeTaJIJIH'leCKOMY 3JieKTpo.uy II pll3JIH'IHblM o6pll30M 

06orama10mero rrplinOBepXHOCTHblll cnoii rronynpOBO.UHHKa OCHOBHbIMII HOCIITeJillMII 

3apll.ua. YMeHbllleHIIe Harrpll)l(eHIIll rrplIBO.UIIT K pa3JIII'IHOMY 3anonHeH1IIO JIOBYllleK Ha 

rpaHnue pa1.uena ,ll/II no rny61IHe 3anpemeHHoii 30HhI rronyrrpoBO.UHIIKa. "IloneBM 

O'IHCTKa" 3cpcpeKTIIBHO HCIIOJ1b30BaHa B cnyqae noBepXHOCTHblX ueHTpOB 3aXBaTa, 

IIOCKOJibKY OHa II03BOJil!eT 6onee TO'IHO (rro cpam1eH1IIO C "TepMII'leCKOH O'IIICTKOH") 

BblllBHTb rrpoCTpaHCTBeHHOe pacnpe.ueneHIIe JIOBy111eK no OTHOllleHIIIO K rpaHIIUe 

pm.uena Si-SiO2. OT.IIICTKa crreKTPOB TO3 no3BOJilleT onpe.uenlITh rny61IHY 3anera111Ill 

Ka)l(.UOH JIOBYUIKII. 
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Bo BTOpoii rJiane: BllllJIHUe 06J1y'leHUJI ?a\1.\IG llY'lal1U, 6blCOK03Hepzemu11ecKUMII 

JJJ1eK111poHa.M11 u 11eiimpo11mm Ha eo.?mblrjJapaiJHble u -T03 xapaKmep11cm11K11 MO fl 

cmyKmyp: paccMaTplIBaeTCll .uencrn1Ie raMMa; 3neKTpoHiioro 'II HeiiTPonnoro 

II3nyqe111IH Ha '.lneKTPocpln1I'lecK1Ie xapaKTeplICTIIKH MOII CTPYK'ryp. 

TT3yqeuo BJIIIllHHe raMMa nyqeii Ha IInOTHOCTb nosepXHOCTHblX C0CTOllHHll H 

3apll.U B OK1Icne MOTT crpyKTYP c pa3uoi'I TOJIIUIIHofl 0KIIcna: TToKa3auo, 'ITO npn 

TOJIIUHHe <100 A, 3apll.U B 0KIICJie He 06pa3·yeTCll. 

YcraH0BJieH0, 'ITO no cpaBHeHIIIO C 06nyqeu1IeM npn KOMHaTHOfi TeMnepaType, 

MOTT CTPYKTYPhI crnHOBllTCll Meuee qyscrn1ITeJihHhIMH K ·raMMa paanamm 

npose.ueuuofi nplI TeMnepaType )l(H.UKOro morn. TTonyqeHHbie npn 0611yqeun1I nplI 

TeMnepaType )KII):(Koro a10Ta .usa rnna .uecj:>eKTOB c 3Hepmeii Ec-0, 16 3B II Ec-0,40 

3B, CBll3bIBalOTCll C A- 11 E- ueHTpaMII cooTBeTCTBeHHO: 

~ = ' 0 

x 
~o.s 

a 

1 x10S rad 

t ~ 104 rad 
Orad 

b 

,,,nrJ 
· · Orad 

-4 -:z O 2 4 -6 -4 -2 0 2 4 
U(V). 

P11c.2. KsaJttcrarnqecKtte C/V xapaKTepttcrnK11 Mon crpyKryp, 0611yqe1111h1x ram1a 11yqaM11 npn 

KOM113TllhlX TeMnepaTypax (a) H 11ptt TeMneparypax JKH)(KOI'O 330T3 (8). 

IloBhlllieHHe TeMnepaTypbl o6nyqeHIIll .uo 300 K n03B0JilleT perncTp11poBaTb MeTO.UOM 

TO3 TOJibKO O.UIIH Bil):( 6011ee ycTOH'IIIBbIX .uecj:>eKTOB TIIna A-ueHTpOB. Bn.u110. 'ITO 

nOBblll!eHIIe TeMnepaTypbl 0611yqeHHll se.ueT K .ue11IHTerpaum1 HeKOTOphlX 

KOMIIneKCHhlX .uecpeKTOB, K YMeHhllleHIIe 3cpcpeKTIIBHOCTII BBe.uemrn E-ueHTpOB II K 

yBeJIII'leHIIIO BepollTHOCTH Bne.ueHHll A-ueHTpOB. O611yqe1111e npH KOMHaTHOH 

TeMnepaType, .UeJiaeT cTp)'KTYPY 6011ee qyscrnnTeJihHof1 K raMMa paanau1111. 

H3MeHenne xapaKTepncTHK MOII CTPYKTYP nacTynaeT nplI 6011ee HH3KIIX .U03ax, a 

.uo3bI 6onbUie I 06 rad pa1py111aeT oKncen {P1Ic.2). 

9 



BnepBble npoBeneuo K0MllileKCH0e HCCJieJ{0BaHHe BnHlIHHll :meKTp0HH0ro (11-

18 M3B) o6nyqeumi ua MOTT CTPYKTYPbI. MOTT CTPYKTypbI o6nyqanttcb B BaKyyMe 

BbIC0K0:mepreTHqecKHMH ::rneKTp0HaMH B J{Hana.30He 15-60 C. MeTOJ{OM TO3 

noKa.Jauo, qrn nocne - 06nyqeum1 n-Si cTpyKcyp B 3anpemeuuoi1 30He KpeMHHll 

o6pa.3yIOTCll qeTb!pe H0BbIX ypoBHei1 3axsarn, nn0TH0CTb K0T0pbIX 3aBHCHT OT J{03bl 

< 
~ 
~ 
~ 
>-4 

,f 

0.6 

o.a 

121! 

J I\ 
0. I/~"-~~ 

'/' /\ \../ • '-,.~3 

/-~~1 
0 

210 300 TIKI 

PHc.3. CneKTph1 TO3 MOfl CTPYKTYP 0611yqeHHh1x 11 M3s 311eKTpoHaMH: KpHBruI 0 - AO 0611yqeHH1t, 

KpltBble 1-4 noCJJe 0611yqeHHH s Te'leHttH 15, 30, 45 H 60 CeK. C00TBeTCTBeHH0. 

3neKTP0HH0ro o6nyqeHUll Pttc.3. OnpeneneHbl 3HepreTHqeCKHe yp0BHH, 

KOHl..(eHTpal..(HH H ceqeHHll 3axBaTa C00TBeTCTBYIOIUHX - panttal..(H0HHbIX neqieKTOB. 

YcraHoBneHo, qTo C p0CT0M J{03hl o6nyqeHHll lli!0TH0CTb neqieKTOB, C00TBeTCTBYIOIUHX 

MenKHM ypoBHHM, nanaeT. OnHoBpeMeHHO C 3THM B03pacrneT lli!0TH0CTb ne<jleKTOB, 

COOTBeTCTBYIOIUHX 6onee rny6oKHM ypoBHllM. MeTO.[(aMH CN n0Ka.3aH0, qTo c 

yBenttqeHHeM .[(03bl o6nyqeHHll JneKTp0H0B 3aplln B 0KHCne B03pacTaeT, a eMK0CTb 

MOTT CTPYKTYP nanaeT. MenneHHOe yMeHbIIIeHue eMK0CTU 0KHcna M0lKH0 o6bllCHUTb 

nu6o C yMeHbIIIeHUeM .[(U3neKTpHqecKoi1 n0CT0llHH0H Eox, nu6o C ysenHqeHHeM 

TonmuHhI oKucna. BhrncHeHue JToro Bonpoca- npttseno K 6onee neTanhHhIM 

UCC!!enosamrnM npyrUMU 6onee qyBCTBUTenhHhIMU MeT0.[(aMU. TonmuHa 0KUCna 

KalKnoro o6pa.31..(a H3Mepllnacb no H nocne KalK.[(oi1 o6pa6oTKH JnnttncoMeTP0M c 

T0qH0CTbIO 2A. 

MeTonaMU X-nyqeBOH 3MHCCH0HH0H cneKTp0CK0ilUH H TeXHI-IKOH llJ{epHbIX 

peaKl..(HH noKa3aHo, ~o K0Hl..(eHTpal..(Ull Kucnopona Ha rpaHul..(e pa.3nena Si-SiO2 

ysenuqusaeTCll c B03pacTaHHeM J{03bI o6nyqeHttll. Pttc.4. rroKa.3hIBaeT, qTo XEC 

cneKTphI n-Si o6pa.31..(0B no o6nyqemrn H nocne 15 c o6nyqeHttll, M0fYT 6bITh 
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npencrnsneHbl cynepn031-Il..(I-Iei1 cneKTP0B SiO2 H c0Si B C00TH0IIIeHHH. 0,46:0,54-pHC. 

4-a. TTocne 30 C o6nyqeHI-Ill 3TO C00TH0IIIeHHe (SiO2:c-Si), MeHlleTCll B nonh3Y 0KHcna 

H C0CTaBnlleT ylKe 0,76:0,27. 

I 
i 
~ 

~ 
I! 
j 

., 
Si Lz.s 

n.-BI 
580 A SI01 
Domrnd. 

~" / \ S1 \,,/ ...__ 
,.,..___,,,. . -·~ 

,. Ill -llll oo .-, 100 ,ca 
Photo!' onera (eV) 

~) 

Si Lu 
j ,n-SI 5 580 A Stoa 

30aec. lrncl. 
.0 .. 
~ 

•••••NJ 
-- Swn. 

~-1.Ji0d1 

i,---.- . . . . 
l--.__,J ··~· r\ ... ....._ 

___./ ~ 
Ill "° Ill "° • m Photon enera (eV) 

PHC.4. X:9 cneKTPhl n-Si-SiO2 CTp)'KTYP npeACTaBJJeHbl cynepnoJHUHeH cneKTp0B SiO2 H c:Si B 

COOTHOWeHHH: (a) /l0 H noCJJe 15 C 0611yqeHHH 12 M3B 3JleKTP0HaMH - 0,46:0,54; (e) noCJJe 30 C 

0611yqeHHH • 0,76:0,27. 

I13MepeHbi"'rrnoTHOCTH aT0M0B KHCnopona C Il0M0IUbIO MeT0.[(a ll.[(epHblX peaKl..(1-IH 

THna: 
16

O(d, p) 17O Il0Ka.3MH Te lKe pe3ynhTaTbl. MeTO.[(OM 3nnHITC0M~HH noKa3aHO, 

qTQ B pe3ynhTaTe ysentt'IeHHll K0Hl..(eHTP!IUHH Kttcnopona Ha rpaHHl..(e pa.3nena Si-SiO2 

MOTT CTPYKTYP, c B03pacTaHHeM .[(03hI o6nyqeHHll npottcxo.ri:HT yBenH'IeHHe Tonru;HHhI 

0KHCna, ~o CBll3aH0 C panHal..(H0HH0-HHJ{yl..(HpoBaHHhlM OKHCneHHeM n-Si-SiO2 

CTPYK'TYP· Ha6Ji10.ri:aeMhie 3qJqJeKTbI 6noKttpyIOTCll npenBapHTenbHOH I-IMllilaHTal..(Hei1 

CTPYKTYP H He Ha6monaIOTCll npH o6nyqeHHH MOTT crpJKTYP p-THna 

BbIC0K03HepreTH'IeCKHMU 3neKTP0HaMH. 

HccnenoBaHO BnHllHUe Hei1TpOHHOro o6nyqeHHll Ha CTpyKTyphl n- u p-mna Si

SiO2 c pa.3HhIMH oKucnaMH. YcraHosneHo, 'ITO panual..(H0HHhle neqieKTbI MOTT 

CTPYKTyp, nocne o6nyqeHHll Hei1TpOHaMH, M0)KHQ 0T)Ke'Ib npH TeMnepaType 400° C. 

B TpeTbeii mase: Paoual,fUOHHble oe</JeKmbl B UOHHOUMn.JlaHmupoBaHHblX MOII 

cmpyKmypax: Hccne.[(0BaHbl cneKTpbl panttal..(H0HHhlX neqieKTOB Ha rpaHHl..(e pa3nena 

Si-SiO2, B T0HKOH npHII0BepxHOCTHOH o6naCTH Ii rny6oKO B Si, nonyqeHHbie B 

pe3ynhTaTe HMllilaHTal..(HH pa3Hb!X H0HHhlX Ily<!K0B (B, Si, Ar Ii np.). I1cnonb30BaHhl 

.[(Ba nonxona BBe.[(eHHll neq>eKTOB - B03J{ettCTBHeM H0H0B C pa3nli'IH0H 3Heprnei1 HnH 

B03nei1cTBHeM onHoi1 3Heprntt H0H0B Ha MOTT CTPYKTypb1 c pa3HOH Tonru;HHOH 

11 



0Kttcna. Onpe.ueneHhI 3Hepmtt ypoaHefi, ceqemrn 3axaara, IIJI0TH0CTb tt npnpo.ua 

0CH0BHblX .uecpeKTOB. 

Air .. , ...... 
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P11c.5. CneKTpbl TO3 cneKTpbl Mon CTp)'KTYP C paJH0li TOJll.l.lHHOH OKHCJla HM0Jl3HTHp0B31111blX 

HoHaMH B+ c 3Hepmen 50 K3B: I- 165A, 2- 330A, 3- 1060A, 4- I740A, 5- 2050A w 6- 2820A. 

ConocraBJJeHHe nonyqeHHOH 3aBHCHM0CTH C paccq11raHHblMH npocpHJJllMH 

Ko11ue11rpau1111 np11Mecu noJB0JJJ!eT c.uenarb 11eKoropb1e JaKJ110qe1111ll o 

npocrpaHCTBeHHOH Jl0KaJJll3aUHll 11a6mo.uaeMb!X paJ:{HaUHOHHbIX J.(ecpeKTOB. 

TT051BJleHHe ll pocr IIJIOTHOCTH MeJJKHX ueHTpOB npoHCXOJ.(llT npu 3HepmllX llOHHOfO 

nyqKa ll TOJIII~llHbl OKllCJJa, npu KOTOpbIX XBOCT pacnpeJ.(eJJeHllll nempy10meii 

npHMeCH .UOCTHraeT rpaHHUbl pa3nena Si-SiO2. MaKCHMaJJbHa51 IIJIOTHOCTb 3THX 

necpeKTOB COOTBeTcTByeT 3HeprllllM, npu KOTOpbIX MaKCHMYM Ko11ue11rpau11u 

nempyIOmeii npHMeCH paCIIOJJO)l(eH Ha rpaIrnue pa3nena. Koma llMIIJlaHTaUHll ll0HOB 

6opa npoHCXOJ:{HT B OCHOBHOM B KpeMHllii, IIJIOTHOCTb MeJJKllX uenTpOB 

YMeHbUiaercll. 3ro CBllJ:leTeJJbcTByer o npeHMYI11ecrne1111ofi reuepauuu 

uettTpOB Ha rpa1111ue pa3nena HJJH B 11enocpeJ.(cTBeHHoii 6nmocr11 OT nee. 

MeJJKHX 

YcraHOBJJeHbl ll o6nllCHll!OTCll TeMnepaTypHb!e ll 'IaCTOTHbie 3aBHCllMOCTH 

MOJ.(YJJll npoBOJ.(llMOCTll MOTT crpyKTyp, HMIIJJaHTllpOBaHHblX llOHaMH KpeMHllll, 

KOTOpb!e C03J.(a!OT necpeKTbl, J.(eHCTBYIOI.l.\lle KaK rrry6oKHe JJ0BYIIIKH J:{Jlll HOCllTeJJeii 

TOKa. TTpoJ.(eMOHCTp!ipOBaHO, 'ITO 3TO II03B0JllleT oueHHTb napaMeTpbl necpeKTHOfO 

npHIIOBepxHOCTHOfO CJlOll nonynpoBOJ:{HHKa. 
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HccnenoaaHo BJJHllHtte naoiiHoii o6pa6orKH MOTT crpyKTyp - 3cpcpeKTbI 

o6nyqeHHll nocne npenaapHTeJlbH0H . HOHH0II HMIIJl:iHTaUHH.. TToKa3aHo; qro 

B03neiiCTBHe JJa3epHblM o6nyqeHHeM Ha HMIIJlaHTHp0BaHHble MOTT crpyKTypbl 

npHB0J:{HT K cpopM11poaa11mo H0BblX rny6oKHX ypoBHeii. 

a, 

C: 

Ol 

Ill 

en 
I-
..J 

0 

0.4-.-----------------, 
inplanled, po5I - irradiated 

0.3 -l by ei.ctron beam for 60 s 

0.21 (c) 

0.1 

0.0 

0.3~ 
inplanted, post - irradiated . 
by electron beam for 10 a 

0.2 

(b) 
0.1 

0.0 

0
_
3 
L as implanted 

0.2 r (a) 

0.1 

o.r I r:::< '===I 
100 150 200 250 300 350 

T[K) 

PHc.6. THnH'l1IbIe DLTS cneKTpbI cTpyKTYP Si-SiO2, 11M11J1aHrnpoaa1111bIX 50 K3a 11mia.i11 s• 110 (al 11 

nocJJe o6JJy4eIIHH 12 M3B 3JleKTp0113MH B Te'leJIHH 10 C (B) H 60 C (c). 

O6nyqett11e HMIIJJaHTllpOBaHHblX CTPYKTYP Bb!COKOJHepreTll'ICCKIIMII 

JJJeKTpOHaMII npHBOJ.(IIT K cpopMHpoBaHIIIO HOBb!X MeJJKHX ypoBHCII H K yBeJIIl'IeHHJO 

IIJJ0THOCTll Tex J.(ecpeKTOB, nonyqeHHb!X B pe3yJJbTaTe HOHHOII HMIIJJaHTaUlll1. Pnc.6 

IIOK33b1BaeT THIIH'IHble DL TS cneKTpbl HMIIJJaHTHpOBaHHblX HOHaMII 6opa MOTT 

crpyKryp J.(0 (pHc.6-a) u nocne 06nyqe11Hll 12 M3B JJJeKTpoHaMH B .unana3oHe IO ceK. 

(pHc.6-B)' ll 60 ceK. (p11c.6-c). DL TS xapaKrepHCTlfKH noKa3aJJH, 'ITO HMIIJlaHTaUllll 

50 K3B uoHoB 6opa cmnaeT B MOTT crpyKrypax c OKHCJJOM TOJJLUHHOii 165A TOJJbKO 

.uecpeKTbl O.UHOfO r11na, 'ITO J.(0II0JJHHTeJJbH0e o6nyqeHHe MOTT crpyKryp 12 M::iB 

3JleKrpoHaMH cmnaeT 3 Bll.!(a necpeKTOB c JHepmeii, COOTBCTCTBe!UIO, Ec-0,21, E_-. 

0,32 Ii Ec--0,40 JB. C YBeJJll'leHHCM J:{03bl o6ny<IeHllll KOHUempau1rn .uecpeKTOB 

Bo3pacraer. OcHOBHble napaMeTpbl J.(e<peKroa: ::>Hepmll, ce'IeHHe 3axaara H 
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IIJI0TH0CTh, rrpe.ucrnBJJeHhl B Ta6nuue 1. Ilpe.urroJIO)KeHO, •no II0CJie.!{HHH 0CH0BH0H 

IIHK CBl!JaH C .uecpeKTaMli Tuna P-V HJIH E·ueHTpOB.. 3TH .uecpeKTbl JI0KaJIHJ0BaHhl B 

Ta6nuua 1. 

E,-E /( eV) 0.21 0.32 0.40 Total 

As implanted 

a/an' --- -- 1.60 x1ff" · 1.60 X 10-" 

N, fern' --- --- 1.80x10", 1.B0x 10" 
' 

Implanted , post-irradiated by electron beam for 10 s 

cr/cm.1 6.45 X 1ff" 3.30 X 10"'0 3.15 x10"' 0 9.93 x10·• 0 

N, /cm 3.11 x10° 3.64 x1os 2.52 xJ0" 2.52 x10" 

Implanted , post-irradiated by electron beam for 60 s 

cr/cm 3.76 X 10''" 2.09 X 10"" 1.46 X 10"'0 3.97 X 10"' 0 

N, /cm" 2.51 X 10' 4.26 X 10'" 3.15 X 10" 3.16x10" 

Si, B 6JIU30CTH MaKCHM}'Ma H0HH0ro pacrrpe.ueneHull, .!{aJieK,0 OT rpaHHUhl pa3.!{eJia Si

SiO2. 12 M3B 3JieKTp0Hhl rrp0HHKal! qepe3 CTPYKTypy, B3aHMO.!{eHCTBJIOT C 

cyIUeCTBJIOIUHMH .uecpeKTaMH, YBeJili'IHBal! liX K0HUeHTpaUHIO, Ii C03.!{a!OT .!{Ba Bll.!{a 

H0BhIX .uecpeKTOB (MeJIK~X ypOBHeH}, pacrr0JI0)KeHHh[X Ha rpaHuue pa3,uena Si-SiO2. 

IlJIOTHOCTh .ue<peKTOB, rronyqeHHh!X B pe3yJihTaTe 3JieKTp0HH0ro o6nyqeHlill, fOB0pHT 

B II0Jih3Y Toro, 'ITO o6nyqeHue Bb!C0K03HepreTH'IeCKliMli 3JieKTp0H!lMli C03.!{aeT 

3JieKTpH1IeCKH aKTliBHbie .uecpeKThl Ha rpaHHUe pa3,uena Si-SiO2 6onee HHTeHCHBH0, 

'!eM li0HHal! liMIIJiaHTaUlill. 

B 'ICTBCpTOH rJiaBe: Ofll)KUZ paoum4uoHHblX oe</JeKmOB, noAy'leHHblX 6 

pe3yAbmame UOHHOU UMnAaHmalJUU cmpyKmyp Si-Si02: rrpe,ucTaBJieHhl pe3JJibTaThl 

TepMU'!eCK0ro, IIJia3MeHH0fO Ii pa,uuauttoHH0 CTliMJJIIip0BaHH0ro QT)l(Ufa, K0T0pb!e 

llBJilllOTCll rrepcrreKTHBHhlMii o6pa6oTKaMU CTPJKTYP rrocne IiOHHOH IiMIIJiaHTauuu. 

IloKaJaHo, 'ITO TepMH'IecKuii 0T)Klif .uecpeKTOB uoHHOH HMIIJiaHTauuu a MOTT 

CTpyKTypax cyIUeCTBeHH0 3aBUCliT OT liX rrpocTpaHCTBeHH0ro paCII0JI0)KeHlill no 

0TH0ll!eHHIO K pa3.!{eJIHTeJihHOH II0BepxH0CTli .!{li3JieKTpHK-II0JiyrrpoB0.!{HliK. Ha 

"pa3Ban" ueHTp0B cyiuecTBeHH0 BJililleT 6JIU30CTh rpaHUUhl pa1.uena Si-SiO2 H 

B3aHMHCe rrpocrpaHCTBeHH0e paCII0JI0)KeHue ueHTp0B. 
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\ 
l 
I 

C UeJihlO Bh/l!BliTh 3cp<peKT IIJia3Mhl, MOil CTPJKTyphl C pa.uttauH0HHhlMli 

.uecpeKTaMH, rronyqeHHhlMH B pelyJihTaTe Ii0HH0H HMIIJiaHTal{Uli 6opa HJili KliCJI0po.ua, 

o6pa6aThlBaJIHCh B BO.UOp0.UHOH . IIJia3Me HJIH TepMH'!eCKii OT)KlifaJiliCh B aTMoccpepe 

M0JieKyJillpHoro B0.!{0po.ua. 3KcrrepUMeHT II0KaJan, 'ITO crreKrphl UMIIJiaHTHP0llaHHhlX 

! 10 -~8 
b 
C. 
..... 6 

4 

n[ , , , ." E ,»t:I 
1(/(1 w 

T(K)-

fa 
"<6 
\4 

fl) 150 

Pttc.7. CneKTpbI TO3 n-Si-SiO2 CTJlYKTYP, Pttc.8 CneKTJ)bI TO3 p-Si-SiO2 CTJlYKTYP, 

HMnnaHTHpoBaHHblX H0HaMH o+, nocne: 1- HMnnaHTHpOBaHHbIX HOHaMH o+, nocne: 1- HOHH0ii 

HOHHOii HMMaHTaUHH C 3Heprneii 130 K3B; HMnnaHTallHH C 3Heprneii 130 K3B; 2- nna3MCHH0I'O 

2- nna3MCHH0I'O 0TJKHra npH 100° C; 3- 0TJKHra nptt 100° C; 3- nna3MCHH0I'O 0TJKHra nptt 200° 
nna3MCHH0I'O 0TlKHra npH 200° C; 4- C; 4- nna3MCHH0I'O 0TJKHra npH 250° C " 5-
nna3MCHH0ro 0TlKHra npH 300° C H 5- nna3MCHH0I'O 0TJKHra npH 300° C. 

TepMH'ICCK0ro 0TlKHra nptt 3oo° C. . 

o6pa3UOB 3aBHCllT OT THrra II0,!VIQ)KKH Ii OT Bll.!{a liMIIJiaHTHp0BaHHh!X Ii0H0B. Ha 

Puc. 7 u 8 rrpe.ucrnBJieHhI crreKTphI TO3 HMIIJiaHTupoBaHHhIX Kttcnopo,uoM n-Si u p-Si 

o6pa3UOB .!{0 Ii II0CJie IIJiaJMeH0H o6pa60TKH. ITapaMeTph! .uecpeKTOB liMIIJiaHTaUHli 

Kucnopo.ua rrpe.ucTaBJieHhI B Ta6nuue 2. 

Ta6nm.ta 2 
---..--•••-•..--• ,...,-"T""-•-•-- ••-.... - ••••••-•-•••••,_,..,..,_ ... u_..n _.. •• __. • ..,...,...,.,...,..,, •• ...,,. ._. ....... ~ -•- •-• .., 

n-silicon p-silicon 

Enerav (eVl 0.17 0.22 0.29 0.34 0.21 0.26 0.45 

o/cm' 6.5x10-' 0 4.5x10-' 0 1.5x10"'" 5.0x10-" 4.1x10'" 7.5x10-" 1.ox10·•• 

N1/cm" 2.5x10" 2.5x10" 3.3x10" 1.2x10" 2.0x10" 1.1x10" 4.2x10" 

Identification 0-V V-V -- -- V-V V-0-B -

Ilna1MeHHh!H OT)Klif n- Ii p-Tuna o6pa3UOB }'MeHhlllaeT o6IUYIO K0HUeHTpaUHIO 

liMIIJiaHTaUli0HHh!X .ue<peKTOB, Ii CJ)KaeT crreKTp0B TO3 K 6onee Hli3KliM 
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TeMnepaTypaM (PHc. 7 H 8, Kpl!Bhle 2-4). BlUlHO, 'ITO rny6oKHe ypoBHll OTlKl!ralOTCll 

a BOJlOpOJlHOH "IIJill3Me npH 6onee HH3Kl!X TeMnepaTypaX:, qeM MenKHe ypoBHII. 

3cpcpeKT BOJlOpOJlHOH IIJia3Mhl CTaHOBHTCll 6onee . oqeBHJlHhIM np11 cpaBHeHl!ll C 
, 

pe3ynhTaTaMH 'TepMuqecKoro OTJKl!ra o6pa3UOB B TeKyll.(eM MoneKynllpHOM BO,Uopone, 

npH Tex JKe TeMnepaTypax ll TOH JKe npononJKl!TenhHOCTll o6pa60TKII .. TIOCKOnhKY 

nocne IIJia3MeHHOfO OTlKHra npH 3000 C T03 cneKTp He Ha6mo,uaeTCll (Kpl!Bal! 4), a 

riocn«? TepMHqeCKOfO OTJKl!ra npll 4000C cneKTp ace eme perncTp11pyeTCll, MOlKHO 

3aKnJOqHTh, 'ITO C TQqKH 3p_eHHll Hll3KOTeMnepaTypHOH . o6pa6oTKll o6pa3UOB, 

IIJia3MeHHhlll QT)Kl!f 6onee ::icpcpeKTl!BeH. 

B pa6oTe n~anhHO paccM0TpeHO BnHl!Hl!e TeMnepaTyphl o6pa3UOB BO ,apeMll 

IIJia3MeHHOH o6pa6otKH Ha O'J;'lKllf necpeKTOB l!OHHOH l!MIIJiaHTaUllll. Oco6oe 

. . 

BHHMaHHe yneneHO KOM6l!HllpOBaHHOMY B03JleHCTBl!IO IIJia3MeHHOro ll TepMHqeCKOfO 

OTJKttra necpeKTOB (pHc.9). 

j2 
I 
~ 
:::, u, 

'4<G: ,_--. :::r: I 4 l .I. I 
0 I 200 

100 1SOTEMPERATLflEIKI 

j~ 

Pttc.9,_ CneKTpbI TO3 n-Si-SiO2 CTpyKTyp, HM11JJaHrnpoea1111bIX H0HaMH B+ C a11epmefi 50 Kae 

KpHBaJI I; 2 - nocne n11aJMe1111oro oTJtrnra npw I 00° C; npH 3 - 200° C; 4 - npH 300° C; 5 

TepMHYecKoro 0TJ1rnra B M0J1eKy11sp110M eo11opo11e npH 300° C; 6 - nnaJMettnoro oTJKHra npH 300° C 

+ TepMHYeCK0fO 0TlKHra B BaKyyMe npH 250° C. 

Pe3ynhTaThl no o6pa6oTKe MOTI CTPYKTYP B BOJlOPOJlHOH IIJia3Me 

CBHJleTenhCTBYIOT O TOM, '-ITO npouecChl peKOHCTpyKUllll, nacCHBaUllll ll OTJKl!ra 

necpeKTOB l!OHHOH l!MIIJiaHTaUIIII npoTeKalOT no,uo6Ho TepMH'-leCKOMY OTlKHry, HO npH 

6onee HH3KHX TeMnepaTypax. 

Ha OCIIOBe nonyqeHHhIX pe3ynhTaTOB npennonoJKeHO, '-!TO B3al!MO,UeikTBlle 

nna3Mhl c necpeKTaMII npH TeMnepaTypax B nHana3oHe 100° - 250° C nopolK,!laeT 

16 

npelK,!le Bcero peKOHCTPYKUlllO necpeKTOB, a npHCYTCTBHe aTOMapHoro Bonopona 

.uenaeT B03MOlKH0H ::ineKTpll'-leCKYIO naCCl!BaUl!IO 3Tl!X necpeKT0B. Tip.orpeBaHl!e B 

BaKyYMe H.JIH B MOneKynllpMoM so.uopo,ue '-laCTll'-IHO BhmenlleT so.uopo.11 l! TaKHM 

o6pa30M yBenl!'ll!BaeT IIJ10THOCTh ::ineKTpl!'-leCKii aKTl!BHhlX peKOHCTPYKTllpOBaHhIX 

necpeKTOB. TioKaJaHO, '-!TO ecn11 necpeKThl l!OHHOH l!MIIJiaHTaUllll peKOHCTpy11poBaHhl 

JlO o6pa60TKH B nnaJMe, TO CTaHOBl!TCll• B03MOlKHhlM yMeHbWeH11e TeMnepaTyphl 

naCCl!BaUl!ll .uecpeKTOB. 

OnHoii 113 nepBbIX pa6oT no l!CcnenoBaHH!O BJaHMoneiicTBl!ll Y<l> o6nyqeHl!ll c 

necfieKTaMH HMnnaHTaUHll B MOTT cTpyKTypax l!Bnl!eTcl! pa6orn[23J. Ha PHc.10. 

IlOKaJaHO ll3MeHeHHll B cneKTpe T03 l!MnnaHTllP,OBaHHhlX Ar H o6ny'-leHHhlX nocne 

HMnnaHTaUHll Y<l> MOTT CTPYKTyp. Ha6n10.11aeTcll nepecrpoiiKa cneinpoa T03 u 

3 \ 

2 

. ~ k . 
/--_.\ I p ' . 

/) _\ I 
=4: 

---=----~;,/ \ I "'s --- -
Y_~~~•~.!!_~ ~. \ 

~ 
'-'-

- -~ -"- - I ,,..--- .. -,.,__-· . 

... --· ~-- . l \ \ 

1 
'TIKI 

PHc.10. CneKTpbI TO3 n-Si- MOTT CTPYKTYP, HMrmanrnpoeanHbIX H0HaMH Ar+, c aueprneii 130 Kan. 

c T0Jlll.\HII0ii 0KHCJla 1200A - KpHBaJI I; nocJie 30 MUii. Y<l> o6nyYel!HH -2; 60 '11111.- 3; 90 Mlfll.- 4; 

160 MHI!.- 5 II 480 MHII.- 6. 

yMeHbWeHl!e 

COCTOl!HllH, 

nnoTHOCTll 

KOTOpbie 

HH.IIYUllPOBaHHhlX l!MnnaHTaUHeii nosepXHOCTllhlX 

l!Bnl!!OTCll pe3ynhTaTOM B3al!MO,!leHCTBHll Y<l> . C 

u11.11yuupoaaHHhIMH Ha rpaHHUe paJ.11ena Si-Si02 .11e¢eKTaMH Homwii mrnna11rnu1111. vb 

pl!c. l 0 BH.UIIO, '-ITO nocne ,UOCTaT0'-1110 .uonroro Y<l> 06nyi1eHHll (6onhWC 90 Mlrnyr). 

o6nyqeHHll aMnnHTy,ua Bcex xopowo Bhll!BneHHhlX Ill!KOB a cneKTpe T03 IIU'IIIJJaCT 

paCTl!. 3TO roaopHT O TOM, '-ITO o6pa30BaHl!e .necfieKTOB 11aqu11aeT npeo6na.11aTb Ha.II 

npoueccoM ODimra. PaJHHUa n none.11e11HH o6nyqaeMblX Y<l> H TepMH'-leCKH 
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OTOJKJKeHHhlX CTJ)YKTYP llOllBJilleTCll llOCJie rrpO.!lOJIJKHTeJlhHOH o6pa60TKH. 

TepMH'IeCKall o6pa6oTKa rrpHBO.!llfT K CTa6HJihHOMY OTJKHry .!le<peKTqB. ITptt Y<l> 

o6Jiy'IeHHH CHTyaUHll .!lP):'fall. B JaBHCHMOCTH OT .!l03hl Y<l> o6nyqeHHll .!leqieKThl 

HOHHOH lfMllJiaHTaUHlf Jltt6o OTJKHfa!OTCll, Jlttt'io C03.!laIOTCll HOBhie .!le<peKThl. B 

3aBHCHMOCTH OT BH.!la HOHHOH lfMllJiaHTaUHH Y<l> MOJKeT 'IaCTlf'IHO HJIH llOJIHOCTh!O 

OTJKe'Ih C03.!laHHhie eIO .!le<peKThl. OrrTHMH3aUHll peJKHMOB UV o6nyqeHHll IT03BOJIHJia 

rroJIHhIH O;)lmr .!lecpeKTOB · HMnJiaHTttpoBaHHhIX IO KJB He+ HOHaMH Si-SiO2 CTJ)YKTYP 

(Puc. I I). ITpouecc reHepauuu .!le<peKTOB Ha'IHHaeT KOHKypnpoBaTh c rrpoueccoM 

OTJKHra eIUe .!lO ( B cnyqae HMITJiaHTaUHH Ar) HJIH nocJie llOJIHOfO OTJKHra .!le<peKTOB 

HMITJiaHTaUHH (B cnyqae HMllJiaHTaUHH He). 

K T 

P11c. l l. CneK-rphI TO3 MOTT cTp)'ICTYP, 11MnJ1aHrnpoaaHHhlX 110HaM11 He+, c 3Hepmeii IO Kaa -

1Cp11BaJI 1; nocne 15 MIIH Y<I> 06nyqe1rn~ -2; 150 MIIH. Y<I> 06nyqeH11~ -3; 15 MHH. TepMH'leCKOro 

OTJKHra -4 II 30 MIIH. TepM11'1eCKOro OTJKHra -5. 

B pa6ote 110Ka3aHO, 'ITO peHTreHOBCKOe o6nyqeHHe HOHHO HMllJiaHTnpoBaHHh[X 

MOTT CTPYKTYP )'MeHhllrneT TeMnepaTypy TepMH'IeCKoro OT)l(Hra .!lecpeKTOB 

HMllJiaHTaUHll. 

B DHToii: rnane: Memoobz noeb1meHUJ1 paoualJUOHHou cmouKocmu MOII 

cmpyKmyp: rrpe.!lCTaBJieHb[ H rrpnMeHeHh[ pa3pa60TaHHhie HeL{aBHO MeTO.!lhl, 

KOTOphie rrpHBO.!lllT K yaeJIH'IeHHIO PMHaUHOHHOH CTOHKOCTH MOTT rrpn6opoB. 

TTepBhlH MeTO.!l COCTOHT B )'MeHhllleHllH aTOMHOH KOHUeHTpauneil: 

HeJKeJiaHHhIX rrpnMeceil: B MOTT CTPYKTypax c rroMOIUhIO pMnaunoHHO 

CTm1ynnpoBaHHOfO reTTepnpoBaHllll. KoHueHTJ)aUllll 6h1cTpO .!llf<p<pyH.!lHPYIOIUllX 

HeKOHTJ)OJIHpyeMhlX MeTaJIJIH'IeCKllX npllMeceil:, TaKHX KaK HaTpllH, Me.L{h, cepe6po n 
18 

MafHHH B Si-SiO2 CTPYKTypax yMeHh!IlaJillCh C llOMOIUh!O reTTepnpoBaHUll .!lecpeKTaMH 

HOHHOH HMllJlaHTaUHH. O6paTHYIO HerronupoBaHHYIO cropoHy n-Si nnaCTHHhI 

lfMllJiaHTHpOBaJIH Ar llJIH B HOHaMH C 3HeprHllMH COOTBeTCTBeHHO 46 llJIH 20 K3B H 

.!l03aMH 1014 
nou/cM

2
. ITJiaCTHHhI OKHCJlllJIHCh B aTMoccpepe cyxoro KHCJIOpO.!la + 6% 

HCI .!lO TOJIIUHHbl 34-50 HM. OKrICJieune rrpu 1050 °c llOCJie HMllJlaHTaUl{lf 

cnoco6crnoBaJIO He TOJlbKO OT)l(Hry PMHaUHOHHhIX .!lecpeKTOB, HaKonneHHh!X a 

CTPYKTypax rrpn HMllJiaHTaUHH, HO H HX reTTepupoBaHUIO. O6pa.30BaBlllHHCll OKUCeJI 

CHHMaJICll c HerronupoBaHHh!X rroaepxuocreil: Bcex o6pa.3UOB. C llOMOJUhIO HAA 

orrpeL{eJillJiaCh KOHUeHTpaum1 HeKOHTpOJIHpyeMh!X npHMeceil:, rrpOHHKalOIUHX B 

CTPYKTyphl BO BpeMll OKHCJieHHll KpeMHHeBh!X llJiaCTHH. 

Ta6JIHUa 3 

Impurities Concentraic\n (atoms/ cmj) in samples 

non-implaned 
J 

B+ Ar+ 

Na 1.3 X 1017 5.4 X 10
16 3.7 X 10

16 

Cu 1.4 X 1015 7.8 X 1014 6.4 X 1014 

Ag 2.4 X 10
14 9.8 X 1013 8.8 X 1014 

Mg I.I X 1014 8.9 X 10
13 8.2 X 10

13 

I13 Ta6JIHUhI 3 CJie.!lyeT, 'ITO KOHUeHTpaullll ueJKeJiaHHh!X rrpuMeceil: B 

npeL{BapUTeJihHO HMllJlaHTUpOBaHHh!X KpeMHHeBh!X CTPYKTypax HHJKe, 'IeM B 

HeUMllJlaHTHpOBaHHh!X. 3KcrrepHMeHT 110Ka3aJI, 'ITO HH BH.!l HMllJlaHTHpoBaHHh!X 

110110B, HU HX XHMH'IeCKall llJIH 3JieKTpH'IeCKall aKTHBHOCTh He llBJllllOTCll 

cyIUeCTBeHHhIMH, .!lJlll 3axBaTa rrp11Meceil: C Bh!COKOtt 110.!lBll)KHOCThlO. TOJihKO 

.!lecpeKThl, C03L{aHHh!e HOHHOtt HM11J1aurnuueil:, llBJilllOTCll cyIUeCTBeHHh!MH B 3TOM 

rrpouecce. 

8 pa6oTe 110Ka3aHO, 'ITO reTTep11py10IUHtt 3cpcpeKT He 3aBHCHT OT BH.!la HOHOB, a 

TOJihKO OT JIOKaJil13auuu .!lecpeKTOB. 

MeTO.!l UHKJIU'IeCKOil: o6pa60TKH COCTOHT 113 ITOCJieL{OBaTeJihHh!X o6pa60TOK 

MOTT CTPYKTYP raMMa nyqaMH .!l03oil: B 4,6xl0
3 rad u TepMu'IecKoro OTJKura B cpe.L{e 

aproua rrpu 200° C B Te'Ieuu11 10 MHHYT- U:11KJ1tt'IecKa.11 o6pa6oTKa rrosrnp.11nach .!lO 
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Tex rrop, Il0Ka pa,z:,;naunoHHruJ CT0HK0CTb crpyKT)'Pbl mi ,!(0CTlffaJia HaCbII.UeHllil .. 

-:-5 
~ 
= = 

3 

2 

D• 1.5 x 10• rod 

~ 
0.2 0.4 0.5 o.a 

Pttc.12. PacnpeJXeneHtte noeepxHOCTHblX cocTOaHttii e JanpemeHuofl Jone KpeMntta 6eJ 

npeJXBapHTMbHOH o6pa60TKH (KpHBM I), nocne nepsoro UHKJJa (KpHeaa 2), (KpHBM 3) nocne 

BToporo, TPeTbero H 60JJee UHKJIOB (KpHBM 4). 

ITpHBe,,!(eHa HHcjJOpMaUllil 06 1l0Be,!(em1e rroaepxH0CTHblX COCTOllHIIH Ha rpaHHUe 

pa3..!(ena Si-SiO2 rrocne umomqecKoii o6pa6oncn. Cpaamrnall pacnpe.!(eneHHe 

rroaepXH0CTHbJX .. COCTOl!HIIll B 3arrpeI.UeHHOii 30He KpeMHHll o6nyqeHHblX MOTT 

CTPYKTyp, BII..!(H0, ~o ri6pa3Ubl 6e3 UHKJIHqecKoii o6pa6oTKH HMeIOT caMyIO Bb!C0KYIO 

IlJI0TH0CTb COCTOllHHH (icpHBruJ I Ha Pnc.12). C yae.rmqeHHeM qncna UHKJI0B 

IlJIOTH0CTb rroaepxH0CTHblX COCTOllHHii Il0CT0llHH0 YMeHbWaeTCll (Kp!IBbie 2-4). 

ITocne qernepToro UHKJia · o6pa6oTKH H3MeHeHIIll a IlJI0TH0CTH COCTOllHHll He 

Ha6JIIO..!(aeTCll, ~o fOB0pHT 0 HaCbII.UeHIIII ypoBHll pa,z:,;HaUIIOHHOii CT0HK0CTH 

CTpJKTyp. 

3 

2 

> AVx 

~ - . 1 ~ 
0 t 2 3· 4 5 

Nu-18ER OF CYCLE 

Pttc.13. lhMeHCHHa t.Vfb, t.Ymg H t.V, noCJle raMM3 06J1)"1e1ma JXOJOH 4,48xl0
6 

rad C B03paCTaHHeM 

4HCJ13 UHKJIH4CCKHX o6pa60TOK. 

MccJie,,!(OBaHO BJIII.SIHHe UHKJIHqecKoii o6pa60TKH Ha K0JIHqeCTB0 HaKollJieHH0fO 

3apl!.!(a B 0KHCJie rrocne o6JiyqeHHJI faMMa JiyqaMH. 06 HH..!(YUHpoaaHH0M BO apeMJI 
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o6nytJeHIIll 3apll..!(e B 0KIICJie M0JKH0 cy,,!(IITb no CMeI.UeHIUO CN xapaKTep!ICTIIK K 

OTJ)IIUaTeJJbHbIM 3HaqeH!IllM Hanp»JKeHHll. Pile. I 3 Il0Ka3bIBaeT II3MeHeH!Ill tiVmg, 

t. VFB (cMemeHHll CN xapaKTep!ICTIIK a TO'IKaX mg II fb) n ti V x Il0CJie o6nyqeHIIll 

06pa3ua .!(030ii 5xl06 
rad· raMMa nyqeii ilptt ao3pacrnmin qncna UHKJIHtJeCKHX 

o6pa60TOK. ti V X - BeJIHtJHHa rHCTepe31ICHOll neTJIII, nonyqeHHOii rrpH B0'lpacrnHHII II 

yMeHbWeHIIII . Hanpll)KeHIIll. BHJlHO, qTQ B TeqeHHII nepBblX Tpex UHKJI0B 

pa.unauuoHHall CT0IIK0CTb B03pacrneT, a Il0CJie qerneproro UIIKJla oiia Il0,!(X0,!(HT K 

HaCbII.UeHIIIO. 

0.81 0•\.2.1015 rad 

0 
u 0.6 --u 

0.4 

0.2 
~ 

_, -J ., ·1 0 

Gale voltage I VJ 

(a) 

,.o ,.o 

o.a O-t2. ,.o' rad 0.8 0•1.2a to• rad 

0.6 l Vt: 
0.6 

! 
o., -~ O.L 

o.,L I 0.2 

_, -3 -2 ., .. g -5 _, -3 -2 -1 0 

Goh voltag• IV) Got• voltage (VI 

(b) (c) 

Pttc.I4. KeaJHCTaTH'ICCKHe C/V xapaKTepttcTHKH Mon CTpyKTyp c TOJlll\HIIOii OKIICJJa I60A- (a}, 

320A ·(B) H 960A • (c), 06J1Y4eH!lblX raMM3 ny4aMH C )X030ii I,2x 106 
rad JlO II IIOCJJe pa3.llll'IIIOro 

4HcJia UHKJJH4eCKHX o6pa6ornK. Kpueh1e O - 6e3 UHKJIH4eCKOii o6pa6oTKH no 06ny,1e1mM, KpIrn1o1e I -
nocne nepeoro UHKJla, KpHBble 2 IIOCJJe ernporo UHKJJa II KpHBble 3 H 4 - IIOCJIC Tpe-r1,em II 60.11ee 

UHKJIOB. 

MeTO).(aMII C/V II TO3 Il0Ka3aH0, '!TO BJIHllHHe UHKJill'leCKoii o6pa60TKII Si

SiO2 CTPYKTYP 6onee 3cpcpeKTHBHo npn 6onee T0JICTblX oKHCJiax. P11c. I 4-a 

CBH,!(eTeJJbCTByeT 0 TOM, 'ITO npH raMMa o6nyqeHHII MOTT CTpJKTYP C TOJlll{HII0ii 

0KHCJJa I 60 A, He3HatJHTeJibH0 yBeJill'IHBaeTC)I K0JI!Iqecrno JI0BymeK 11a rpa,muc 
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pa3,ue.rra - (3Ha'leHID! CoornoweHH.11 C/Cox HeCK0JibKO B03pacTalOT), a 3ap.11,u B OKHCJie 

He HaKarumsaeTC.11 - CMemeHIDI KpHBblX He Ha6rno,uaeTC.II. BH.!IHO, 'ITO UHKJIH'leCKa.11 

o6pa6oTKa )'MeHbWaeT KOJIH'leCTBO JIOByweK, C03,UaHHblX pa.uttauttei1 Ha; rpaHm{e 

pa3,ue.rra. IlpH TOJIIUHHe 320 A . - (pHc.14-B): KpOMe )'MeHblIIeHH.11 KOJIH'lecrna 

JIOByweK Ha rpaHHUe pa3,ue.rra, Ha6JIIO,UaeTC.II " . )'MeHbllleHHe IIJ!OTHOCTH 3ap.11.11a B 

OKHCJ!e C yse.rrtt'leHHeM 'IHCJia UHKJIH'leCKHX o6pa6oTOK. 8b11IIeo1mcaHHble ::icpcpeKTbl 

.11pqe Bblpa)KeHbl npH TOJIIUHHe OKHCJia 960 A - (pHC. I 4-c). 

MeTO.U IlOCTOKHCJIHTeJlbHOH o6pa6oTKH COCTOHT B OXJia)K.!leHHH Si IIJlaCTHH 

Il0CJie OKHCJieHH.11 B TOH )Ke cpe.ue, B KOTOpOH npOBO,UHJIOCb 0KHCJieHHe CTPYKTYP· 

CornaCHO CTaH.uapTHOH TeXHOJI0rnH, cpa3y IlOCJie OKHCJ!eHH.11, KpeMHHeBble IIJlaCTHHbl 

E 
u4 
0 

M 

l:'3 
~ 
~ !2 
3 
~ 1 

! 

15 3J 45 00 

lnaclatlon um, (sec) 

Puc.15 l13MCHCHHC KOHUCHTpaUHH noeepXHOCTHblX COCTOXHHii B 33BHCHMOCTH OT )l03bl 3neKTpOHHOro 

o6n)"!CHHX Jl)JX palnH'IHblX rpynn o6pa3UOB: I - 6e3 noCTOKHCHOro oxnaJK)lCHHX; 2 - oxnaJK)lCHHe B 

aJOTHOii cpeJle; 3 - oxnaJK)lCHHC a KHCROpOJlHOH cpe)le. 

BbIHHMalOTC.11 H OXJia)K.!lalOTC.11 Ha B03.Uyxe. B HaCTO.IIIUeH pa6oTe paccMaTpHBaeTC.11 

BJIIDIHHe Il0CT0KHCJIHTeJlbH0H o6pa6oTKH o6pa3UOB Si-Si02 B pa3JIH'IHblX cpe.uax Ha 

CTOHKOCTb MOII CTPYKTYP no otHOllleHHIO K raMMa o6nyqeHHIO, o6nyqeHHIO 

BblCOK03HepreTH'leCKHMH 3JieKTp0HaMH H HOHHOil: HMIIJlaHTaUHH. 

3cpcpeKT cpe,ubl oxna)K.!leHHH Si-Si02 cTpyKTyp noCJie OKHCJieHID! 6onee .11pKo 

Bbl.llBJI.lleTC.11 npH HX o6nyqeHHH Bb!COK03HepreTH'leCKHMH 3JieKTpoHaMH. IlocJie 

OKHCJieHH.11 o6pa3Ubl pa3,UeJI.IIJIHCb Ha TPH rpynnbI: nepBa.11 He oXJia)K.!laJiaCb B 

cneuttaJibHOH cpe.ue; BTOpa.11 rpynna OXJia)K.!laJiaCb B a30THOH, a TpeTb.11 B 

KHCJIOpO.UHOH cpe.ue, T.e. B TOil: cpe,ue, B KOTOpoil: npOH301IIJIO OKHCJieHHe. MOII 
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CTPYKTYPbl, C03,UaHHble Ha OCHOBe 3THX Tpex rpynn, 0,UHOBpeMeHHO o6JiyqaJIHCb 

BblCOK03HepreTH'leCKHMH (11 M::iB) 3JieKTp0HaMH. IlJIOTHOCTb HH.!lYUHpOBaHHblX 

3JieKTpOHaMH Il0BepXHOCTHblX COCTO.IIHHH Ha rpaHHUe pa3,ueJia H3Mep.11JiaCb MeTO,UOM 

T03. Ha Pttc.15 IlOKa3aHO ll3MeHeHHe KOHUeHTpaUHH IlOBepXHOCTHblX COCTO.IIHHH B 

3aBHCHM0CTH OT ,U03b[ 3JieKTp0HH0ro o6nyqeHID! .!IJl.11 pa3JIH'IHblX rpynn o6pa3UOB. 

BH.!IHO, 'ITO OXJia)K.!leHHble B KHCJiopo,uH0il: cpe,ue CTpyKTYPbI, HMelOT MeHblllYIO 

KOHUeHTpaUHIO nosepxH0CTHblX COCTO.IIHHH. 

TTpo,ueMOHCTpHpOBaHO, 'ITO npH HCilOJib30BaHHH Ka)K.!loro H3 3THX MeTO,U0B 

HJIH npn HX KOM6HHHpOBaHHOM HCilOJib30BaHHH MO)KHO 3Ha'IHTeJlbHO Il0BblCHTb 

pa.uttauttoHHYIO cToil:KOCTb MOTT CTPYKTYP· 

8 33KJIIO'ICHHH cq,opMyJI_HpOBaHbl OCHOBHbie Bb!BO,Ubl H IlOJIO)l(eHH.11, KOTOpbie 

BblHOC.!!TC.11 Ha 3a1UHTy. 

OcHOBHble pe1yJibTaTbl pa60TbI: 

I. TTpe.!IJIO)KeH H npnMeHeH HOBbIH MeTO,U ycoseprneHCTBOBaHHOH 

KBa3HCTaTH'leCKOH CN MeTO,UHKH, KOTOpa.11 pacwttp.11eT HCCJiecyeMylO qacTb 

3anpemeHHOII 30Hbl noJiynp0BO,UHHKa. Pacnpe.ueneHHe nosepXHOCTHblX COCTO.IIHHH 

MO)KHQ H3MepHTb C y,uoBJieTB0pHTeJibHOH T0'IHOCTblO B cnyqae KpeMHIDI, B ,UHana30He 

OT Ec-0,15 .uo Ec-0,95 3B. 

2. BnepBbie npHBe,UeH no.upo6Hb!H aHaJIH3 H3MeHeHID! cpopMbl BblCOKO'laCTOTHbIX 

BOJibT-cpapa.uHbIX (CN) xapaKTepHCTHK MOTT CTPYKTYP B 3aBHCHMOCTH OT 

napaMeTpOB npHIIOBepXH0CTHOro IlOTeHUHaJibHOro 6apbepa, 06pa3yiomeroc.11 npH 

HM1IJ1attrnu1rn Si02-Si CTPYKTYPbI H0HaMH. Ha ocHose H3YtJeHHoro 3cpcpeKTa 

npe.!IJIO)KeH HOBblH MeTO.U ,UHarnoCTHKH K0HUeHTpaUHH aKTHBHblX npHMeceil: B 

HMIIJlaHTHpOBaHHOM noJiynpOB0,UHHKe. 

3. TTpe.!IJIO)KeH H iipHMeHeH H0Bblil: MeTO,U 0'IHCTKH 'H o6pa60TKH CJIO)KHhlX 

cneKTpos T03, no3BOJI.III01UHH pa3,UeJI.11Tb ofrbeMHbie H nosepxHOCTHbie coc1'0.11HID1 H 

onpe,ue.rr.11Tb ce'letttte 3axsaTa H ::ittepreTtttJecKoe ' pacnpe,ue.rretttte nosepxHOCTHbIX 

cocTO.IIHHH, a TaK)Ke pacnpe,ueneHHe KIDK.[(Oro rnY6oKoro ypoBH.11 no o6nacTH 

npocTpaHCTBeHH0ro 3ap.11.11a noJiynpOBO,UHHKa. 
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4. BrrepBbie rrpoBe,lleHhl KOMIIJieKCHbie 11ccne.uoBaHttll BbICOK03HepreTH'-!eCKOro 

::ineKTpOHHOro (11-12 M::iB) o6nyqettHll Ha rrpouecchI B MOTT CTPYKTypax. 

Orrpe.ueneHhI 3HepreTH'-lecKiie ypOBHll, IIJIOTHOCTb ll ce'-!eH11e JaxBaTa 

o6pa3i:>BaBIIIHXCll '.uecpeKTOB. YcTaHOBneHO, '-ITO C pOCTOM .!l03hl o6nyqeHHll 3apll.!l B 

OKHCJie 11 IJJIOTHOCTh Bcex ypoBHeii (3a HCKnlO'-lt:JrneM IIJIOTHOCTH caMoro Memcoro 

ypOBHll) B03paCTalOT. 

5. HeCKOnhKHMll He3aBHCHMb!Mll MeTO,llaMH - C/V, XRS, ll,llepHbIX peaKUHH. ll 

3nHITCOMeTpHH ycTaHOBneHO , pa.u11aUHOHHOe CTHMyn11poBam-1e OKHCJieHHll n-THna 

KpeMHHeBhIX IIJiaCTHH rrpH o6nyqeHHll BbICOK03HepreTH'-!eCKHMll ::ineKTpoHaMH (l I -12 

M::iB). TToKaJaHo, '-!TO KOHUeHTpauHll Kttcnopo.ua Ha.. rpa.tt11ue paJ.uena SiO2-Si 

B03pacTaeT, eMKOCTb OKHCJia rra.uaeT, '-ITO CBll3aHO C YBeJIH'-!eHHeM TOJIIUHHhl OKHCJia. 

Ha6n10.uaeMhIH ::icpcpeKT 6noK11pyeTCll rrpe.uBapHTenhHOH HMIIJiaHTau11eii CTPYKTYP 11 He 

Ha6n10.uaeTCll rrp11 o6nyqeHHH p-T11rra MOTT CTPYKTYP, 

6. Orrpe.ueneHhI rrapaMeTphI .uecpeKTOB MOTT CTpyKTYP, HMIIJiaHT11poBaHHhIX 

llOHaMH pa3JIH'-!Hb!X XHMH'-!eCKHX rrp11Meceii. lfccne,[\OBaHo BnllllHHe 3HeprnH 

llMIIJiaHTaUHH ll TOnIUHHbl OKHCna Ha reHepaUHIO .uecpeKTOB B CTpyKTypax SiO2~Si. 

TToKa3aHo, '-!TO. 6nll30CTI;> rpaHHUhI pa3.uena · SiO2-Si crroco6crnyeT o6pa3oBaHHIO 

rny60KHX ypOBHeH B rrpHITOBepXHOCTHOM cnoe KpeMHllll, He MeHllll HX 

3HepreTH1.jeCKHX xapaKTepHCTHK, 

7. BrrepBbie rroKa3aHo, '-ITO MOTT CTPYKTYPhI c rrp11110BepXHOCTHhIM 

IlOTeHUHanhHblM 6apbepoM rrpOllBnlllOT CHnbHYIO TeMrrepaTypHylO 3aBHCHMOCTb. 

TeopeTH'-!eCKOe 11 3KCrrepHMeHTanbHOe 113yqeH11e rrpoueccoB, OTBeTCTBeHHhlX 3a 3TY 

3aBHCHMOCTh, IlOKa3anO,, '-ITO rrpH IlOHHJKeHHhIX rrpHITOBepXHOCTHhIX IlOTeHUHanhHbIX 

6apbepax TeMrrepaTypHal! ll qaCTOTHal! 3aBHCHMOCTll eMKOCTll Hnll rrpoBO,UHMOCTH 

MOTT CTPYKTYPhI CBll3aHhI c IIIyttTHpOBaH11eM rroTeHuHanbHOro 6aphepa 

.u11cpcpY3HOHHO-,llpeiicpoBblMH TOKa.Mll. TTp11 3TOM rrpoBO,llllMOCTh IIIyHT11py10IUero TOKa 

3KCITOHeHUHanbHO CBll3aHa C BeJill'-lllHOH rrp11110BepXHOCTHOro rrOTeHUHanbHOro 

6apbepa. Ha OCHOBe 3TOro ::icpcpeKTa ll pa3pa60TaHHOH TeopeTH'-!eCKOH MO,lleJIH 

rrpe.!lJIOJKeHhl HOBhle MeTO.!lhl ,u11arnoCTHKll rrp11110BepxHOCTHOro IlOTeHUHanbHOro 

6apbepa B rronyrrpoBO,UHHKe MOTT CTPYKTYP 11 orrpe.ueneHHll ero BeJIH'-IHHhI, TOnIUHHhI 
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nernpoBaHHOro rrp11110BepXHOCTHOfO · CJIOll 11 · 3cpcpeKTHBHOH KOHUeHTpau1111 

nempy10mefl 11pHMec11. 

8. YcrnHoBneHo, '-!TO BOJ,ueiicrn11e Ha cTpyKTYPhI SiO2-Si MOIUHhIM na3epHbIM 

mmyJihCOM ,uJil!TeJibHOCTblO ll HeCKOJibKO ,uecl!TKOB HaHOCeKyH).{ rrpHBO.UHT i( 

o6pa30BaHIIIO 3Ha'-IHTeJibHOII KOHUeHTpaUHll rny60KHX ypoBHefl B rrp11110BepxHOCTHOM 

cnoe KpeMHHll, HMelOIUHX TY JKe 311epreTH'-l~CKYIO JIOKanHJaUHIO, '-!TO ll ypoim11' rrocne 

HOJIHOii llMIIJiaHTaUllll. TTpH llHTeHCHBHOCTllX ll3JiyqeHllll, He Bhi3bIBalOIUHX 

. ' 
pa3pyIIIeJ1llll OKHCJia, 11a6JI10AaeTCll HeBb!COKal! CTeneHh aKTHBaUHH 

HMIIJiaHTl!pOBalllrnii rrp11MeCH. 

9. MeTO,I.\OM DL TS HCCJie,I.\OBaHO B3aHMOAei!CTBHe Bb!COK03HepreTH'-!eCKOro 

::ineKTpOHHOro o6nyqeHHll . c_ ,uecpeKTaMH HOHHOII llMIIJiaHTaUHll B KpeMHHeBOII 

110,unoJKKe MOTT CTPYKTYP· Ycrn110BneHo, '-!TO 3JieKTpoHHOe 06nyqeH11e B Teqe111111 

HeCKOJibKO ,ueCllTKOB ceKyH).{ yBeJIH'-IHBaeT KOHUeHTpaUHIO AecpeKTOB IIOHJIOII 

llMIIJiaJJTaUIIII ll C03,l.\aeT HOBbie, 6onee MeJIKl!e, 3JieKTpH4eCKll aKTHBHble ACcpeKTbl Ha 

rpaH11ue pa3AeJia SiO2-Si. 

I 0. TTpoBe,lleHO Il0Ap06Hoe 113yqe1111e OTJKHra AecpeKTOB IIOIIHOII IIMI1naHTau1111 B 

MOTT CTPYKTypax: 

a) TToKa3aHO, '-!TO Ha TepMH'-!eCKIIH OTJKllr rny6oKHX ypoBHell, BJilllleT 6Jill30CTb 

rpaHIIUbl pa3).\eJia SiO2-Si H B3aHMHOe rrpocTpaHCTBe!IHOe pacnoJIOJKCHlle ueHTpOB. 

OTJKllf rny6oKHX ypoBHCII JIOKaJill30BaHHbIX s6nH3ll rpaHl!IJbl pa1,uena Si02-Si, 

rrpoHCXO,UIIT ·oAHOBpeMCHHO c reHepau_nen 6onee MeJIKHX ypoBHCII, '-!TO rrpIIBO)lllT K 

qacTll'-IHOII CTa611Jill3aIJllll 3THX ypoBHell C poCTOM TeMrrepaTypb!. 

6) l11yqeHO BnHllHl!e paAHO'-!aCTOTHOII rrna3Mbl Ha 1.1ecpeKTbl 11011110ii 

HMnJiaHTaUHH B MOTT CTPYKTypax. IloKa3aHo rrpenMymecrno nna1Me1111oii 

o6pa60TKH, KOTOpoe COCTOHT B TOM, '-!TO TeMrrepaTypa, rrpn KOTopoH npoHCXO).ISIT 

peKOHCTPYKIJllll, B3aHMO,lleHCTBHe II OTJKHr ,uecpeKTOB, HHJKe, qeM npH TepMll'-ICCKOM 

OTJKHre. 

B) YcTaHOBneHo, '-ITO eCJill ,uecpeKTbl llOHHOii HMIIJia!ITaUHH peKOHCTpy11poBallbl 

AO o6pa60TKII B IIJia3MC, TO cTaHOBHTCll B03MOlKHbIM IlOJIHJKeHHC KaK TCMncpaTyp1,1 

11acc1rnaum1 AecpeKTOB, TaK H TCMnepaTyphl TepMH'-!eCKOro OTJKHra. 
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r) 06uapyJKeHbl H myqeHbl 3cpcpeKTbl OTJKHra paJUiaUHOHHb!X .11ecpeKTOB HOHHOII 

HMl1JlaHTaUHH H aKTHBaUHH HMl1JlaHTHposaHHOII nernpy10me11 npHMeCH B 

npttnosepxHOCTHOM cnoe nOJiynposo,11H1-1Ka npH Y<l> o6pa6oTKe CTPYKTYP Si02-Si. 

BnepBble IlOKaJaHo, 'ITO B 3aBHCHMOCTH OT .!l03bl Y<l> 06nyqeum1 .11e¢eKTbl HOHHOH 

HMnJiaHTaUHH B MOTT CTpyKTypax HJIH OTJKHfaJOTCll, HJIH C03L{aIOTCll HOBbie .11e¢eKTbl. 

B 3aBHCHMOCTH OT_ BH,lla HOHHOH HMnJiaHTaUHH Y<l> 06nyqeu1-1e MO)KeT qaCTH'IHO HJIH 

ITOJIHOCTb!O _oTJKe_'lb C03L{aHHbie eIO .11e¢eKTbl, npH'leM, npouecc reuepaUHH HOBbIX 

.11e¢eKTOB MOJKeT Ha'laTbCll KaK LIO, TaK H nocne IlOJIHOfO OTJKHra . .11e¢eKTOB 

HMilJiaHTaUHH. 

Lt) YcrauoBJieuo, 'ITO npe,11sapHTeJibHal! o6pa6oTKa MOTT cTpyKTyp X-ny'laMH 

cnoco6crnyeT IlOJIHOMY TepMH'leCKOMy OTJKHry pa,IIHaUHOHHbIX .11e¢eKTOB 

HMITJiaHTaUHH npH OTHOCHTeJibHO HH3KHX Ter.'.mepaTypax - 450° C. 

ef TToKaJauo, '!TO 3¢¢eKT o6ny'leHHll MOTT crpyKTYP X-ny'laMH 3aBHCHT OT 

npe,11bmcrnpHH o6paJua. Kor.11a B o6paJuax 3apauee co3LtaHbI .11e¢eKTb1, o6nyqeutte X-

ny'laMH OTJKHraeT 'laCTH'IHO KOMilJieKCHbJe .11e¢eKTbl. TTpH o6ny'leHim 

HeHMnJiaHTHp0B3HbIX o6paJUOB reuepttpyeTCll He3Ha'IHTeJibHOe KOJIH'lecrno 

nosepXHOCTHbIX COCTOllHHH, a 33TeM H 3apl!Lt B OKHCJie. 

11) MOTT CTPYKTYPbI, 06nyqeHHb1e raMMa nyqaMH npH TeMnepaType lKH.IIKoro 

a30Ta, llBJilllOTCll 6onee CTOHKHMH K pa,11H3UHH, 'leM o6pa3Ubl, o6nyqeHHbie npH 

KOMHllTHOH TeMnepaType. 

12) TTpeL{JIOJKeH MeTOL{ yMeHbllleHHll KOHUeHTpaUHH HeJKeJiaTeJibHbIX 6bICTpO 

IlO,IIBHJKHbIX npHMeceu B CTpYKTypax Si-Si02 C IlOMOll.tblO pa,IIHaUHOHHO 

CTHMYJIHpOBaHHOro rerrepttpOBllHHll. MeTOL{OM HeHTpOHHoro aKTHBllUHOHHOro 

3HaJIH3a IlOKaJaHO, 'ITO aTOMHYIO KOHUeHTpaUHIO 6bICTpO ,!1HcpyH.11ttpy10II.tHX 

MeTaJIH'leCKHX npttMecceu Na, Cu, Ag, Mg s crpyKTypax Si-Si02 MOJKHO 

YMeHbllIHTb, ecntt ,110 OKHCJIHTeJibHOro npouecca HMl1JlllHTHpOB3Tb 33,IIHIOIO CTOpoHy 

KpeMHHeBbIX 11JlaCTHH. B npouecce rerrepttpoBaHHll cymecrneHHYIO pOJib HrpalOT 

HMl1JlllHTaUHOHHble .11ecpeKTbl, HX MeCTOilOJIOJKem1e, a XHMH'leCKal! aKTHBHOCTb 

HMl1JlaHTHpOBaHHb!X HOHOB llBJilleTCll HecymecTBeHHOII. 

13) TTpe.LUioJKeH H npttMeHeH MeTO.!l UHKJIH'leCKOH o6pa6oTKH MOTT CTPYKTYP, 

KOTopol'i COCTOHT H3 o6nyqeHHl! raMMa nyqaMH HH3KOH .!l030H H nocne,11y10mero 
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HH3KOTeMnepaTypuoro TepMH'leCKOro OTJKnra. TToKa3aHo, 'ITO 3cpcpeKTHBHOCTb 

UHKJIH'leCKOfi o6pa60TKH Si-Si02 yseJIH'IHBaeTCll C B03pacTaHneM TOJlll.tHHbl OKHCJia. 

C YBeJill'leHHeM 'IHCJia UHKJIOB nJIOTHOCTb nosepXHOCTHblX. COCTOllHHII 

YMCHbUiaeTCll, nocne qero Ha6JIIO,llaeTCll HaCbIII.teHHe ypoBHll pa,11naunoHHOII 

CTOiiKOCTH CTPYKTYP· 

· 14) TTpeMOJKeH Mern.11 nocTOKHchnT~JibHOii o6pa6oTKH 06pa3uos Si-Si02 c 

uenblO ysem1'leHnll pamiau1-1ouuo11 CTOHKOCTH MOTT CTPYKTYP· 3Kcnep1-1MeHTbI 

npOBO.!lHJIHCb Ha o6pa6oTaHHblX 06pa3uax, no,11BepraBUIHXCll raMMa o6nyqeHHIO, 

HOHHOj:°[ HMl1JlllHTaUIIH H o6nyqeHHIO Bb[COK03HepreTH'ICCKHMH 3JieKTpOH3MH. 

IToKa3aHO, 'ITO 3cpcpeKT YBeJIH'ICHHll pll.llHllUHOHHOII CTOIIKOCTH JI)"lll!C scero Bb!pa)KeH 

npn o~a)K.11eunn Si-Si02 cT~YKTYP (rrocne oKncneHHll Si rrnacrnu) B Kucnopo.11uofr 

cpe.11e, T.e. B cpe.ue, B KOTopori rrpoBO).{HJIOCb OKHCJICHHe. 
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