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1. TpH KOMUOHeHTLI IlOTepL 33pH,ll;a npH perncTpaQHH CHJILHO 

HOHH3Hpyiomux 'I3CTHQ 

CrrO)l(HBIIIHHCJI 3a rrocrre,u;Hee BpeWI B3I'JISl)l Ha rrpupo,u;y IIOTepL 

3apMa B KpeMHIIeBLIX .u;eTeKTopax rrpe,u;rrorraraeT · Harruqne TJ)ex 

COCTaBHLIX qacTeii IIOJIHOro ,u;ecpeKTa aMIIJIIIyY,lJ;LI, a IIMeHHO: 

a) rrOTepn B rraccnBHOM BXOJJ;HOM OKHe ,u;eTeKTopa; 

6) riOTepu 3Hepmu rrpu yrrpyroM pacceJ1HIIII TJl)l(eJIO:ii 3apJl)l(eHHoii 

'laCTIIULi Ha aTOMaX Bemecrna ,u;eTeKTOpa; 

B) OCTaTOqHI,Jll aMIIJIIIyY,lJ;HLill ,u;ecpeKT, KOTOpLill 061,1qHo OTHOCJIT K 

peKOM6IIiiaUIIH 11epaBHOBeCHLIX HOCIITerreii Ha CTa,lJ;IIII IIJia3MLI, OJJ;HaKO 

. B rrocrre.u;Hee BpeWI paccMaTJ)HBaIOTCJI 11 ,u;pyme. Mo.u;em1, HarrpnMep, 

OCHOBaHHLie Ha 3cpcpeKTe HeIIOJIHOll IIMYKUIIII co6npaeMoro 3apJ1JJ;a 

H3-3a ,lJ;H3JieKTJ)HqecKHX CBOHCTB TJ)eKa [1]. 

O6paTHM BHHMaHHe Ha TO, qTo, B OTJinqne OT rrepBLIX ,n;Byx 

COCTaBJIJIIOIUHX ,u;ecpeKTa aMIIJIIIyY,lJ;LI, rrpnpo,u;a TJ)enero (,u;~e B 

paMKax peKOM6HHaD;IIOHHOll MO,lJ;eJIII) JIBJIJleTCJI rrpe,u;MeTOM u3yqeHHJ1 

)J)Ul pa3JI1IqH1>1x uccrre,u;oBaTerreii [2-5] B Teqe111Ie Bcero BpeMenn 

cymecTBOBaHHJI rrorryrrpoBO,lJ;HIIKOBLIX ,u;eTeKTOpOB KaK O,lJ;HOro 113 

CaMLIX pacrrpOCTJ)aHeHHLIX rrpn6opoB Mepnoii q:>Il3HKII. 3TO 

o6ycrroBJieHO, IIO-BII,lJ;HMOMY, He TOJILKO IIIIIpOTOH rrpnMeHeHHJI 

KpeMHHeBLIX ,u;eTeKTOpOB ,u;mI pemCTJ)annn . pa3JIIIqHI,IX H3JlyqeHHH, HO 

II CJIO)l(HOCTLIO, II . pa3H006pa3HeM peKOM61IHaD;IIOHHLIX JIBJICHIIH B 



rronynpoBO)lHHKax. O6I,1qHo BpeMeHa )KH3HH HepaBHOBeCHI,IX 

HOCHTeJJ:eii 3aIIHCLIBaIOT B BH)le 
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me 'ts H 'tv - COOTBeTCTBeHHO, IIOBepxHOCTHOe II 06-beMHOe BpeMeHa 

)KJl3HH, a 't - IITOIUBOe BpeM51 )Kil3HH [6]. -rJTO KacaeTC5I om,eMHOro 

MexaHH3Ma, TO IIpII' o6pa30BaHHH rrna3MI,I C KOHUeHTPauI1eii 1016
-

1018 CM-3 MeXaHH3M ynapHOH (O)Ke) peKOM6IIHaUIIII HaI16onee 

aKryaneH [2], IIOCKOJILKY HOCIIT Hail6onee 5IpKO BLipmKeHHI,IH 

KOHUeHTPaUHOHHLiii xapaKTep. B cnyqae paccMOTPeHHH TPeKa KaK 

6ecKOHeqHo TOHKOH HHTII II C yqeTOM aM6nrrompHOll nmpcpy3IIH B 

panilanI,HOM HarrpaBneHIIII, aBTOp [2] IIOJI)"IIIJI BLipa)KeHile 
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me N - Kom1qecrno reHepupoBaHHbIX nap, R - rrpo6er qacTIIUbI, D -

K03cpqJI1UileHT aM6nrrompHoii: JlHcpcpy3HH, t1,t2 - CO0TBeTCTBeHH0, 

Bpe~rn, Heo6xon11Moe nrrH TepMann3aunn HOCIITerreii, II BpeM51 )KII3Hn 

C0CT05IHil5I IIJia3Mbl T p [7]' y - K0HCTaHTa ynapHOH peKOM6nHaunn * ' 

B35ITa5I B pa6oTe. [2], 5.10-31 CM6•c-1• IlOCKOJibKY 06J,1qHo Tp>>t1, TO 

BT0pLIM qrreiioM 061,1qHO rrpeHe6peraIOT. OueHIIBaH BKJia)l 3TOH 

K0MIIOHeHTLI nrrH noHOB 136Xe c 3Hepmeii ~ 1 M3BIHYKJIOH, aBTOp 

[2] n0Ka3aJI, , qTo '. 3T0T . BKJIM HBHO nenocTaToqeH )lil5I 

001,5ICHeHII5I 3KCrrepnMeHTaITbHO 113Mepemmii: BeJIIlqHHI,I. IlpI1 3T0M 

• EOJiee coBpeMe1111b1e )laHIIhie· [16 Ll!~,l;l~HY.::-1!0-~0 cM6•c·1, T.e. B '!eThlpe paJa 6onhrnyro. 
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61,mo OTMeqeHO, qTQ BKJia)l OCTaITI,HI,IX MexaHII3MOB 061,eMHOii 

peKOM6HHaUHH eme MeHee cymecrneHeH. M TOJIJ,KO B paMKax MO)leJJ:H 

IIOBepxHOCTHOH peKOM6IrnaUHH naHHbie BeJiuqHHI,I IIOTep1,. HaIIIJIII 

pa3yMHOe 001,5ICHeHHe. 

OnttaKO B pa60Te [3] 61,m rrp~)lJIO)KeH HOBI,Ill MexaHH3M IIOTep1,, 

OCHOBaHHblll Ha peKOM6JIHaUHH HepaBHOBeCHbIX HOCJITeJJ:eii Ha 

CJICTeMe rrepBIIqHI,IX HeCTaUIIOHapHbIX necpeKTOB. B paMKaX 3TOro 

rronxona 6blrra norryqeHa cpopMYrra 

)., = vl,,Nva In Tp 
4TCDR t0 ' 

(3) 

me to JIMeeT. TOT )Ke CMbICJI, qTQ JI t1 B cpopMyrre (2), onHaKO aBTOpbI 

cq11TanII, qTQ HHTerpnpoBaHIIe no BpeMeHH (npn BblB0}le (3)) 

uenecoo6pa3HO npoBOJlHTb, HaquHaH co 3naqennii: BpeMem1 

peJJ:aKcaunn no nMrryn1,cy > I 0-12 
c, Koma MO)KHO orrepnpoBaT1, 

IIOH5ITJieM K03cpcpnuneHTa nnqJCpy3HII II BpeMeHII )KJI3HII. 

B 

neTeKTOpbI, 

2. 0 cneQHc}JHKe npHMeueum1 PIPS-neTeKTopou 

OTJIIIqne OT IIOBepxHOCTH0-6ap1,epHbIX 

II3IUTOBneHHbie C IICn0Jib30Bam1eM 

neTeKTOp0B, 

rrnaHapttoii: . 

TeXHOJIOIBII, o6nanaIOT ynyqrneHHblMH IIOBepXHOCTHbIMII CBOIICTBaMH 

II, COOTBeTCTBeJIHO, xapaKTepH3yJOTC51 MeHblIIJIMH 3cpcpeKTHBHbIMH 

3HaqeHH51MH CK0pOCTH IIOBepXHOCTHOH peKOM6Irnaunn [5,8]. Ha puc.1 

II0Ka3aHbl 3aBIICHM0CTH 0TH0CHTeJII,HI,IX II0Tep1, M51 neTeKT0pa TIIIIa 
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CD PT 40*35-300-Nl4, rrpon3Be,uemrnro Canberra Semiconductor NV 

(Belgium). Ilpu rrpoBe.UeHIIII .uaHHblX JI3Mepem1ii IICIIOJlb30BaJICSI O,UIIH 

II3 4 pa3MemeHHblX Ha O.UHOM KpIICTaJIJie (4 x 4 CM)CTplIIlOB. B 

aMnmrry,uHoM TPaKTe IICIIOJlb30BaJIIICb 3apsr,uoq)'BCTBJITeJibHhie 

rrpe.uycumITenu nma Catsa, ycnnnTeJih Ortec575A n Ko,unpoBIUIIK 

IIA-24K (4096) [ 9]. C uem10 HOpMupoBKII rrpnMemmcsr rettepaTOp 

TOqHoii aMilJIHTY.UhI Ortec 419. H3MepeHHSI npoBe.ueHbI .UJISI JIHHIIH 

6,06 MsB ncTOqHnKa 212Bi. Ilpn TaKHX MaJihIX noTepHx BpSI.U nu M0)KH0 ·' 

fOBOpIITb 0,UH03HaqHo O IIOBepXHOCTHOH peKOM6nHaUHlJ KaK 

.UOMHHaHTe, IIO-BII.UIIMOMy, 3,uech Mbl .ueiicTBnTeJibHO HMeeM BKJia,u 

pa3JlnqHbIX MeXaHH3MOB, KaK IIOBepXHOCTHbIX, TaK II om,eMHbIX. 

Hapsr.uy C ynoMSIHYTbIM ~bIIIIe ynyqrnemieM IIOBepxHOCTHblX 

CBOHCTB PIPS-.ueTeKTOpoB, no cpaBHettnIO c rroBepxttoCTH0-

6apbepttbIMH .ueTeKTOpaMn, cne.uyeT yrroMSIHYTh eme o,utty rrpuqutty, 

om,51:CHSIIOIUYIO OTHOCJITeJihHOe }'MeHbIIIeHIIe BKJia,ua peKOM6Irnauun 

rrpn pernc'fl)aunn TSJ)KemIx ( A>200) sr.uep c 3tteprnsrMII, 

COOTBeTCTBYIOIUHMH KHHeMaTHKe 3n-6n sr.uepHbIX peaKUHH IIOJIHOfO 

cnnsrHttsr, c qacn1uaMII OT 160 .uo 40 Ar n MnrnettsrMII OT Dy .uo Pu. 

3Ta oco6eHHOCTb CBSI3aHa c rrepexo.uoM OT UHJIHtt,upuqecKOH [7] 

reoMeT{)HH 3p03Hll IIJia3Mbl K 6onee 6hICT{)Oll ccpepnqecKoii II, KaK 

:cne.ucrnne, K yMeHbIIIettnro BennqnHbI TV . Ilo3TOMY CTOJIKHOBIITeJihHaSI 

KOMilOHeHTa. .uecpeKTa aMITJIIITY.Ubl SIBJISieTCSI orrpe.uerrsr10meii rrpn 

cpopMHpOBaHHII aMITJIIITY.UHOfO crreKT{)a. 
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PHc. l 3aBHCHMOCTb OTHOCHTeJlbHOH BeJIHqHHI,I peKOM6HHaUHOHHbIX IlOTepb OT 

. WiaJMettttoro BpeMeHH, paccqHTairnoro comactto [7] 
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lhMepS1eMaS1 3HeprIDI, M:.,B 

Pttc.2. CneKTpbl ll3MepsieMoii (no Karm6pOBKe CX.·'lll.CTHUll.MH) 3Hepnm S!,Ilep 
217

Th. 
CnJIOIIIHaSI JIHHHSI - 3KcnepHMeHT; IlyHKTHpHasi - pac'leT C yqeTOM TOJibKO 

IlOTepb 11a S!,IlepHbie CTOJIKHOBeHHSI; lliTpHXIlyHKTHpHasi JIHHHSI - ;:i;o6aRJieH yqeT 

peKoM6HHll.UHH 11a CHCTeMe nepBH'IHbIX HeCTll.UHOHapHblX ;:i;ecpeKTOB COfJill.CHO 

pa6oTe [3] 
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3. Moii;eJIL aMIIJIJITY));Horo crreKTpa HJMepeuuoii ::mepmH Hii;pa 217Tb, 

CHHTC3Hp0B3HHOfO B peaKQHH 
186W+34S=217Th+3n 

5mpa 217Tb 61,mu norryqeHJ,I C IICITOJIJ,30BaHIIeM ny6HeHCKOI'O 

raJOHanorrHeHHoro cenapaTOpa ,SI,!l;ep OTJJ:aqu [10]. Ifott1,1 34S 61,mn 

ycKopeHJ,I U:HKJIOTJ)OHOM Y400 JU.IP. lln:eHTnqmKau;m1 ,SI,!l;ep 

rrpOH3Be.[{eHa C HCilOJII,30BaHHeM retteTnqecKOH CBSI3II 3Hepm.si: - BpeM.SI 

- KoopJJ:IIHaTa c nocrrenyrorn;IIM arr1,cpa-pacnanoM. ,Urr.si:. MonerrIIpoBaHII.SI 

aMilJIHT)'JJ:HI,IX cneKTJ)OB npnMeHSIJIC.SI KO.[{, OITIICaHHJ,IH B pa6oTe [11]. 

B , OJJ:HOM crryqae 61,ma npoBeJJ:eHa CHMYJISIU:II.SI, Hcnorr1,3yroIUaSI TOJIJ,KO 

qJOPMYJIY BIIJIKIIHCa [12] JJ:JISI pacqern CTOJIKHOBIITeJIJ,HOH KOMIIOHeHTJ,I 

necpeKTa aMnrrIIryn1,1 H rronxon Xaiitteca H YaiiTxena [13] JJ:JI.SI pacqern 

JJ:HCnepCHH Ha3BaHHOH Bem1qIIHJ,I. Bo BTOpOM .. - .[{OITOJIHIITeJIJ,HO 

cpopMyrra (3) 61,ma BBeJJ:eHa B npm~ecc CHMyrr.si:u;IIII, a qJJIYKT)'aU:IIII . 

peKOM6HHaU:IIII. ou;eHIIBaJIIICJ, B COOTBCTCTBIIII c pa6oTOii [14] c 

napaMeTJ)OM HeO.[{HOpOJJ:HOCTII R~0,2**. 

B KaqecTBe to BJ.SITO .3HaqeHIIe 10·12 c, noncqeT qIIcrra necpeKTOB 

Nv 61,m ocymecTBJieH rrpII noMOIUII KOJJ:a TRIM (TaK )Ke, KaK n B 

pa6oTe [3]), BerrIIqnna 3cpcpeKTIIBHOro ceqemrn 3axBaTa HOCIITerreii er = 

2 5 10-14 -2 
1 , CM • 

Pe3yJIJ,TaTJ,I pacqeTa IIOKa3J,IBaIOT, qTo .[{OIIOJIHIITeJIJ,HOe 

BBenenne yqeTa peKOM6HHaIJ;IIII HepaBHOBeCHJ,IX 3JieKTJ)OHHO-

JJ:1,IpoqHI,IX nap Ha CHCTeMe rrepBIIqHJ,IX necpeKTOB, npn HCITOJIJ,30BaHHII 

•• P.Burger ( Canberra Semiconductor NV), qacmoe coo6U1e11ne. 
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rrpnBe.[{eHHJ,IX napaMeTJ)OB, SIBHO 3aBJ,IIIIaeT BeJII1q1rny necpeKTa 

aMIIJIIIT)'JJ:l,I II rrpOTIIBOpeqnT 3KCrrepm.ieHTaJIJ,HJ,IM pe3yrr1,TaTaM JJ:JISI 

TSl)KeJIJ,IX Mep. IlpII 3TOM CJienyeT OTMeTIITb, qTO B HaCTOSIIIJ;eii pa6oTe 

He paccMo-rpett Bonpoc o nponrnopeqnn Monemi · pa60T1,1 [3] n 

3KCrrepnMeHTaJibHl,lX yrrrOBJ,IX 3aBHCJIMOCTeii OCTaToqnoro necpeJ<:Ta 

aMIIJIHT)'JJ:l,l, KOTop1,1ii H0CHT eme 6orree npHHU:HIIHaJibHJ,IH xapaKTep ... 

OnnaKO 3TOT B0npoc paCCM0-rpeH B naIIIeii pa6oTe [15] B KaqecTBe 

KpIITHKH MonemI peKoM6IIttau:nu Ha CHCTeMe rrepBnqHJ,IX 

neCTaU:II0HapHbIX necpeKTOB. -
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