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1. BBE.llEHHE 

HapHny C TpanHUHOHHOH HOHHOH HMrrnaHTaUHeH, rrpHMeHHeMOH B,TeXHOno­

rHH co3naHHH nonyrrpoBonHHKOBux rrpH6opoB,·Bce 6onbwee 3HaqeHHe• npHo6-

peTaeT HOHHOe ne,HpoBaHHe nonynpoBonHHKOBblX MOHOKpHCTannoB C HCITORb30~ 

-BaHHeM HOHOB C 3Hep,HHMH, npeBbliuaIOmHMH 1 M3B/a.e.M. 11 ~4~. 

TT03TOMY noHHMaHHe npoueccoB, rrpoHcxonHmHx rrpH rrocnepanHaUHOHHblX o6-

pa6oTKax ( B OCHOBHOM rrpH BblCOKOTeMrrepaTypHOM ,,OTJ:H,e), npencTaBRHE;T 

BalCHYIO H aKTyanbHYIO 3anaqy KaK nnH COBpeMeJJHOH TeXHORO,HH, · TaK·:H nm1 

TexHonorHH 6nH:1a8wero 6ynymero. ·B nepByIO oqepenb 3TO KacaeTcsi TepMOCTa-

6HnbHOCTH co3naHHblX HOHHblM nernpoBaHHeM rrpoBonsimHX. cnoeB. H3yqe~ · I,IP0~ 

11ecc0B cop6HpOBaHHSI BpenHblX TeXHonornqecKHX rrpHMeceH H PSI'Aa~ymx~S/~ 

uenb HaCTOsimeH pa60Tbl - HccnenoBaHHe 3B0RIOUHH,· ne~eKTHOH, CTPYKTypu 

o6pa3UOB KpeMHHSI, o6nyqeHHblX HOHaMH 6opa c 3Hep,HeH 13.6 M3B, B npouec­

ce OTJ:H,a npH pa3nHqHux TeMnepaTypax. 

2. METO.llHKA 3KCTTEPHMEHTOB 11 PE3YRhTATU 

o6nyqeHHe o6pa3UOB Kper.iHHSI npoBonHnOCb Ha ycKOPHTene,TSIJ:enux·HOHOB 

HU-100 Ra6opaTOpHH HnepHblX peaKUHH HM.r.H.~nepoBa.,. 

BTOpHqHue ne~eKTbl, B03HHKaIOmHe npH TepMoo6pa60TKe B HMnnaHTHpOBaH­

HblX HOHaMH'BblCOKHX ~Hep,HH·CROSIX KpeMHHSI, HccnenoBanH MeTonoM npocBeqH­

BaIOmeH MHKpOCKOHHH nonepeqHb(X cnoeB (ceqeHHH - XTEM-MeTon THITa, MeTona 

cross-section): YKa3aHHblH "MeTon n03BOnHeT ·, ycTaHaBnHBaTb, ·onHo3HaqHyIO 

cBH3b ne~eKToo6pa3oBaHHH,•pacnpeneneHHSI pa3nHqHux ~3 rro.rny6HHe;B .3a­

BHCHMOCTH OT peJ:HMa o6pa60TKH o6pa3UOB. '1.llnH' HccnenoBallHH rrpH,OTaBnHBa­

RHCb TOHKHe ·o6pa3Ubl, npencfraBnHIOmHe co6o8 · rroriepeqnoe ceqeHHe (Hcxonuo8 

rrnaCTHHbl. o6pa3Ubl · CKneHBanHCb · "RHUOM K nHUY" H YTOHSIRHCb ,no /10-30 MKM, 
' ' ' + rrocne , qero npoBonHnacb nByXCTOpOHHSISI HOHHaSI' nonHpOBKa ( HOHaMH Ar ;c 

3Heprne8 52io''K3B) no TORmHHbl 0.1-0. 2 MKM. nonyqeHHble TaKHM ,: nyTeM o6-

pa3Ubl HCcnenoBanHCb Ha 3ReKTp'oHHOM ; MHKpOCKone: 3M-125 C HarrpsiJ:eHHeM 

100 KB B pe:1HMax·nByxnyqeB08'nH~paKuHH·H "cna6oro" nyqKa. '.' 

· Ha pHc. t' -··5 rrpencTa·Bnemi ~oTOrp~HH· MHKpocTpyKTypu q6pa3UOB'. KpeM-
.. · , · · , , , · . 15 2. , 

HHS!, o6nyqeHHblX HOHaMH 6opa ··no ~nIOeHca Ft= 10 · HOH/CM '(3necb' F -

rrnoTHOCTb llOTOKa HOHOB (HOH/(cM2lc))',' at - BpeMSI >o6nyqeHHSl). 1:nocne 

TepMfftteCKOf'O ''oTJ:Hra B BaKyyMe B TeqeHHe 30 MHH· rrpH•Te1mepaTypax 8000C 

(pHc.1), goo0c (pHc.2), 1000°c (pHC.3) H npH 1050°c (pHC.4 H 5). 

1 



H3 npHBe,lleHH!lX pe3yJihTaTOB BH,nHO, 'ITO B CJIO.HX KpeMHH.H, HMnJiaHTHpo­

BaHHOro HOHaMH 11 B npH TepMH'leCKOM OTJlCHre B TeMnepaTypHOM HHTepBaJie 

800 - 105o
0
c, qiopMHpyIDTC.H .neqieKT!l )U'.ICJIOKaUHOHHoro THITa (cTepllCHeo6pa3HUe 

(pHc.1;2); )U'.ICJIOKaUHOHHUe neTJIH (TIOJIHUe HJIH 'laCTH'IHUe), .llHCJIOKaUHOHHUe 

KOHqiHrypauMH (pHC.2-4), .neqieKT!l ynaKOBKH). IlpH 3TOM c yBeJIH'leHHeM TeM­

nepaTypu · IlpO!iCXO.llHT ; nocJie,llOBaTeJihHOe qiopMHpOBaHHe CTepllCHeo6pa3HUX )le­

qieKTOD; 3aTeM )U'.ICJIOKaUHOHHUX neTeJih H .llHCJIOKaUHOHHUX KOHqittrypaUHH. 

CJie.l{OBaTeJihHO, MOJICHO C,lleJiaTh BUBO.ll, 'ITO OCHOBHUe 3aKOHOMepHOCTH 

rrpeBpame1mH .neqieKTOB aHaJiorH'IHU TaKOBUM .llJI.H KpeMHH.H, HMITJiaHTHpOBaHHOro 

HOHaMH 6opa CIIH3KOll'3HeprneH. 

0,llHaKO TeMrrepaTypHue ycJIOBH.H qiopMHpOBaJm.H Tex HJIH HHUX .neqieKTOB 

CTpyKTypu OKa3UBaIDTC.H HeCKOJlhKO C.llBHHYTUMH no TeMnepaType B 6oJiee BUCO-
.. o· 

KOTeMrrepaTypHyID o6JiaCTh (npHMepHO Ha 50 - 100 C). B03MOJlCHOe OOb.HCHeHHe 

.3Toro qiaKTa 3aKJIID'laeTC.H'B TOM, 'ITO: 

a)' npH BUCOK03HepreTH'leCKOH'HMITJiaHTaUHH pa.nHaUHOHHUe .neqieKTU qiopMHpyIDT­

C.H B 3Ha'IHTeJihHO 60JihWeM OObeMe KpeMHH.H; 

6) CJIOH pa)U'.laUHOHHUX .neqieKTOB 3Ha'IHTeJihHO y.naJieHU OT rronepXHOCTH (.no 

20 MKM), H, CJie,lloBaTeJihHO, .qiopMHpoBaHHe COOCTBeHHUX Mex.noy3eJihHUX 

aTOMOB Ha noBepxHOCTH o6pa3UOB He OKa3UBaeT CK0Jlh-HH6y.nh cymecTBeH­

Horo ,BJIH.HHH.H Ha, rrpeo6pa30BaHHe •BTOpH'IHUX.,,lleqieKTOB. 

CpaBHeHHe qioTorpaqiHH Ha pHc.1 - 4 noKa3!lBaeT, 'ITO Hap.H.llY C_Ka'leCT­

BeHHUMH npeo6pa3oBaHH.HMl{\,lleqieKTOB CTpyKTypu (H3MeHeHH.HMH THrra_BTOpH'IHUX 

.neqieKTOB) npOHCXO.llHT · yMeHbWeHHe HX KOHUeHTpauHH, .a TaKxe.3aMeTHOe cy­

xe1rne cJio.H; co.nepxamero .neqieKTU• cTpyKTypu. B -Ta6JIHUe rrpH'Be.neHu pe3yJih­

·T.aTu,n H3MepellHH.WHpHHU CJIO.H .neqieKTOB B 3aBHCHMOCTH. OT TeMrrepaTypu OTJICH-
o · 

ra, H3·KOTOpux CJie.nyeT, 'ITO npH H3MeHeHHH Te~nepaTypu OT 800 .no 1050 C 

npoHCXO)U'.ITi_CyxeHHe CJIO.H . .neqieKTOB,60Jie~ ''leM B ,llBa pa;m. B rn6JIHU~. npe.n­

CTaBJieHU '.TaKJ!Ce .naHH!le,no H3MepeHHID rny6HHU 3aJieraHH.H_ CJIO.H .neqieKTOB, on­

pe.neJieHHOH ,.KaK · paccTO.HHHe OT; ITOBE!pXHOCTH o6pa3ua . .llO. cepe,llHJIU CJIO~ , .ne­

qieKTOB; Pe3yJihTaTU: .:.TaK.HX . H~MepeHHH .... MoryT 6UTh He,llOCTaTO'IJIO TO'IHUMH B 

CMUCJle a6COJIIDTHUX 3Ha'leHHR;, ITOCKOJlhKY HX onpe.neJieHHe npOBO,llHJIOCh no rra­

.HOpaMHUM. CHHMKa!.i C · MaJI!lM :· yBeJIH'leHHeM, . KOTOpue .naIDT H3o6pallCeHHe CTPYKTy­

pu c HeKOTOpUM·HCKallCeHHeM (.no 10~15%).- KpoMe Toro, B p.H.ne CJiyqaeB npo-
' • , - • ,· '. 1 . ' • - . ' 

· HCXO.llHJIO · TpaBJieHHe rroBepXHOCTH npi( nperrapHpOBaHHH, o6pa3UOB .llJI.H . XT3M-Hc-

CJl~.llOBaHHH. 0.llH~Ko · • Tell.lleHUH.H Ha c.n~~r .neqieK~Horo· cJio.H B H~npa~JieHHH 
, • • • W 1 ' 

noBepXHOCTH rrpH_ yneJIH'leHMH TeMnepaTypu OTJKHra npocJielCHBaeTC.H .llOCTaTO'IHO 

O,llH03Ha'IHO •. MaKCHMaJihHUH· C,llBHr- ,CJIO.H .neqieKTOB K no~epXHOCTH npoHCXO,llHT 
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rrpH TeMrrepaType BUWe 1000°c, 'ITO xopowo KOppeJIHpyeT KaK C H3MeHeHHeM 

THITa .neqieKTOB (CTepllCHeo6pa3HllH .neqieKT - .llHCJIOKaUHOHHa.H rreTJI.H - .llHCJIOKa­

UHOHHa.H KOHqiHrypaUH.H), TaK H C JIHTepaTypHUMH .naHHUMH no TpaHcqiopMaUHH 

.neqieKTOB CTpyKTypu B CJiyqae HMITJiaHTaUHH HOHOB C HH3KHMH H cpe.nHHMH 

3HeprH.HMH HMnJiaHTaUHH . 

. Ta6JIHUa. 3Ha'leHH.H rJiy6HHU 3aJ1eraHH.H 'H WHpHI!U .neqieKTHOro CJIO.H BTOpwrnux 

.neqieKTOB (no pe3yJihTaTaM naHopaMH!lX CbeMOK XTEM-o6pa3UOB)· 

PexHM OTJKHra, rJ1y611Ha 3aJieraHH.H 
0c MaKCHMaJihHOH KOH~ 

,'<\' pi, I 

ueHTpaUHH . .neqieK-

TOB, MKM · 

800 16.7 

900 15.7 

1000 -14.5 - 14.9 

1050 13.9 - 14.6 

3. 3AKJIIOqEHHE 

lliHpHHa .neqieKTHOro 

CJIO.H,,.MKM 

2.5 

.1. 9 

1. 8 

1. 2 

THn .neqieKTOB 

cTepx11eo6pa31me 

.neqieKTU ( C.ll) ; 

C.ll,.llHCJIOKaUHOH-

nue neT JIH ( Jlll) ; 

C.ll, .lln, npeu11-

ITHTa Tll ( II) ; 

.llll, n. 

OTMeTHM (CM. pHc.5), 'ITO H~6JIID,llaeTC.H npeUHITHTaUH.H np~Mece8 (npe.nno­

JIOJlCHTeJibHO KHCJIOpo.na) Ha .neqieKTaX CTpyKTypu. 3TOT nponecc Ha'IHHaeTCH, 
. . :, -·o . 

ITO-BH.llHMOMY, yJ1Ce npH TeMnepaType OTlCHra 6oJiee 900 C. IlpH BllCOKHX TeMne-

paTypax OTJlCHra npeUHITHTaUH.H KHCJiopo.na npHBO.llHT TaKJ!Ce 

H3o6palKeHHH .llHCJIOKaUHH. 

K oco6e1111ocT.HM n 

B npHHUHITe, .naHHa.H MeTO,llHKa MOJ!CeT paccMaTpHBaThC.H KaK MeTOJlHKa C03-

.naHH.H H30JIHPYIDII\HX' CJIOeB B rJiy6HHe HMITJiaHTHpOBaHHUX noJiynpOBO.llHHKOBUX 

MOHOKpHcTaJIJIOB H ,llJI.H pa.nHaUHOHHOH O'IHCTKH o61,e,Ma MOHOKpHCTaJIJia OT ,npeJt­

HUX TeXHOJIOrH'leCKHX npHMeceH. 
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P11c.1. XTEM-cneTJJOIIOJlbHOe l13o6pa:1:e1111e CTPYKTypu CJ!Oll KpeMHl1ll [111], l1M­

IIJlaHT11ponaHHOro l10!IaMl1 6opa c 3Hepr11eH E=13.6 M3B llO q>JJIOettca Ft= 
15 2 I o 

3 · 10 · HOH/CM . TeMnepaTypa OTJKHra 800 C B TeLieH11e 30 MHH. 

crpeJ11m yKa3unaeT HanpanJ1e1111e 11a nonepxHOCTh o6pa:,uon 

P11c. 2. XTEM-cBeTJIOIIOJlhl!Oe l1306paJKe1111e CTPYKTypu CJIOH KpeMHl1H [ 111], l1M­

[1J1all'rnp0Ball110ro 11011aM11 6opa c 3Hepr11e11 E=13. 6 M3B llO q>JJIOeHca Ft= 

3 • l o15 l10H/CM2. TeMnepaTypa OTJKHra 90o0c B TeL1eH11e 30 Ml1H. 

CrpeJIKa yKa3unaeT HanpaBJ1e1me Ha nosepxHoCTb o6pa3llOB 
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PHC.3. XTEM-cneTJJOIIOJlbHOe 113o6paxeH11e CTpyK;rypu CJ!Oll KpeMHlill (111], I1M­

l1J1aHTI1ponaHHOro l10HaMl1 6opa c 3Hepr11e11 E=13.6 M3B llO q>JJIOeHca Ft= 

3,1015 l10H/CM2. TeMnepa-rypa OTJKHra 1000°c B TeL1eH11e 30 Ml1H. 

CTpeJJKa yKa3UBaeT nanpaBJJ~Hl1e 11a nonepXHOCTh o6pa3l{OB 

P11c.4. XTEM-cBeTJJOIIOJJhHoe 113o6paxenHe cTpyKTypu cJJOll KpeMHHll (111], HM­

nJ1aHT11ponaHHoro 110HaM11 6opa c 3Hepr11e11 E=13.6 M3B llO q>J110ettca Ft= 

3.1015 l10H/CM2 TeMnepa-rypa OTXHra -1050°C B TeL1eH11e 30 MHH. 

CTpeJJKa yKa3blBaeT HanpanJJeHHe na IIOBepxHOCTh o6pa3l{OB 
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PHC.5. XTEM-cBeTJJOllOJJblloe H3o6pall:eHHe CTPYKTYPhl CJ!Oll KpeMIIHll (111), HM­

llJJaHTHpOBaHHOro HOHaMH 6opa c 3HeprHeH E=13.6 M3B ~o ~JJDeHca Fl= 

3.1015 HOII/CM2. TeMnepaTypa OTJl:Hra to5o0c B Teqe11He 30 MHH. 

CTpeJJKa yKa3hlBaeT HanpaBJJeHHe H~ llOBepXHOCTb o6pa3UOB 
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OT:>KHra B BaKyyMe 
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- '· J,fayqeHa MHKpOCTPYKTypa o6pa3U,OB KpeMHH.sl, o6JiyqeHHbIX T.sI:>KeJihIMH 
HOHaMH 11 B (c 3Hepmeii 13,6 M3B) B 3aBHCHMOCTH OT TeMnepaTypbl noCJie..: 

·• paAHau,HOHHOro ciT:>KHra B BaKyyMe. TToKa3aHo,. qTo B. TeMnepaTypuoM HHTep:­
BaJie OT)l<Hra OT 800 AO lOS0°C npoHCXOAHT TpaHC!pOpMaU,H.sl Ae<t>eKTOB CTpyK­
TYPhl, aHaJiomqHa.si: HH3K03HepreTiiqecKoii HMilJiaHTau,1111. TeMnepaTypHhle 

· yCJIOBH.si: <t>cipMHJ>OBattH.si: Tex HJIH HtthIX Ae<t>eKTOB crpyKTYPhl CABHHYThl B 6oJiee 
BbICOKOTeMnepaTypHyIO o6JiaCTb (Ha 50-100°C). O6cy:>KAaIOTC51 B03MO:>KHhle 
np11q11ii:bl TaKoro noB.eAeH11.si:. TToKaJaHo, qTo no M·epe noBhilllettu.si:.TeMnepaTy­
pbI OT:>KHra, Hap.si:Ay C KaqecTBeHHbIMH npeo6pa3oBaHH51MH, npOHCXOAHT yMeHb­
llleHHe KOHU,eHTpau,HH Ae(peKTOB CTPYKTYPhl H3aMeTHOe cy:>KeHHe CJIO.sl, HX 
COAep:>Kalll,ero. O6ttapy:>KeHa TeHAeHU,H.sl CABHra 3TOI'O CJIO.sl K IlOBepxHOCTH. , 

Pa60Ta BblilOJIHeHa B Jla6opaTOpHH 51ACpHbIX peaKU,HH HMO f.H,Cl>Jiepo~a 
OIUIH. . . , . . . . 

' . , . ' . 

Coo6ll\eH11e Qm,eAl111CHHOl'O 11HCTl1TYTa l!AepHblX m;cneAOBaHttH. ,Uy6na' 1995 
' ·- . ' 
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Varichenko V.S. et al.· . . , . . . , P14-95-74 
The Defect Micro Structure of the Silicon Layers Irradiated by High 

-•Energy Ions at the Diffe~ent Temperature of Vacuum· Annealing 

· .Th~ microstructure of silicon irradiated by heavy ions ~ 1 B (with the energy .. 
13.6 MeV) on the dependence of the annealing temperature in vacuum is 
studied: It is shown that the defecf transformation takes a place at the 
temperature interval from 800 up to J OS0°CHke low energy boron implantation. 
The temperature condHions of these effects have the temperature shift about 

· 50-100°C. The possibilities of this phenomenon is discussed. It is shown that 
at the· increasing of annealing temperature together. with the qualitative 

· traqsfo~mations the ·structure defect conce~tration decreases with the 
noticeable narrowing of the their contented layer. The shift tendency of this 
layer to the ~urface is discovered. ! / ,• . . 

. The investigation has been performed at the Flerov Laboratory of N udear 
Reactions, JIN~., · · 
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