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1. Bse.neuue 

B rrpOH3BO,llCTB8 6LTCTpLTX HHTerpaJibHLIX CXB.M. Ha OCHOB8 apceHH,lla 

raJIJIHR C aKTHBHHMH .llBTaJIHMH cy6MHKpOHHWX pa3MepOB Ba~Hy~ pOJib 

HlpaeT HX B3aHMHaS£ 3Jl8KTpHli€CKas:l H30JIHUHs:l. B HaCTOHDl88 BpeMH B 

TBXHOJIOlHH H310TOBJI8HHR HHTerpaJibHIIIX CX8M IIpHM8HiUOTCR CJIB.llYIOlllHB 

CfiOC06G H30JHIUHH H 3aWHTG ( 
1 ' Z): XHN.H'IBCKOe Me30Tpasrreuwe (mesa 

etching) H CBJIBKTHBHaR JIH60 npOTOHHaQ HMIIJiaHTaUHH. KpoMe C03,llaHHR 

J.t.30JIHUHH, B T8XHOJI01H'Lf8CKOM npouecce Ha GaAs 06JIY'IBHH8 npc;>TOHaMH 

[ 3-5] HCIIOJib3YBTCH TaK~e ,llJIH H3M8H8HHH CBOHCTB CTpyKTyp (,llBTaneH) . 

MO.llH~HKaUHH CBOHCTB OCyWBCTBJIH8TCH o6G1.{H0 nyTeM 6o.u.6ap.nHpOBKH 

npOTOHaMH 

10 16 CM-z. 

c 3HeprHeA 

.UJTHHa npo6era 

OT 50 no 180 K3B H ,ll03aMH OT 10
13 

,llO 

npOTOHOB C TaKOj:j: 3HeprHeA, B GaAs MBHbille 

MK, Il03TOMY He B03HHKaeT 3aTpy.llH8HHH npH C03,llaHHH MaCKH 

( uarrpHMep, CaF2 
¢OT0p83HCT- AU[Z)), 3aHUiDI.aiOIIleH aKTHBH.Lle 

CTPYKTYPH OT HX nospe~eHHH B rrpouecce 06Jiy'IBHHH. 

B HacTOHWeH pa60T8 OCHOBHOe BHHMaHHe Y.ll8JI8HO HCCJI8,llOBaHHIO 

BJIH.HHIUI DpOTOHHoro o6n:y'leHHSI Ha 3JI8KTpHl.!8CKH8 XapaKTepHCTHlai 

nnaHapHhiX CTPYKTYP ua ocuoae GaAs c .QBoti:HblM 6apbepoM llloTTI<H. TaKJKe 

M8TaJIJI-ITOJiyrrpOBORHHK-M8TaJIJJ: (MOM) CTPYKTYPH BCTpB'IHO-WTNp8BOro 

THITa 6Hn:H ITO,llrOTOBJJ:BHHY B 3TH CAH B EpaTHCJJ:aBe, a 3aTeM o6n:yqaJIHCb 

npOTOHaMH B HH~ OHHH Ha 3JJ:8KTpOcTaTH'I8CKOM YCKOpHT8JI8 9[-5, 

KOTOpYH o6eCII8l.!HBaeT IIJiaBHOe H3M8H8HH8 3HeprHH rrpOTOHOB ,OT 0, 75 

,llO 4 M3B npH TOKe ny'IKa .llO HBCKOJibKHX MHKpOa.u.nep. 3Ta 3H8prHH 

npOTOHOB BO MHOro pa3 npeBGil.laeT 3HeprHIO, 06HtfHO HCITOJib3Y.eMyiO .llJISI 

uen:eP. MO.llH~HKaUHH. flpo6er npoToHOB 3THX 3HeprHH B GaAs COCTaBJI.H8T 

OT 7 ,llO 30 MK, l.!TO 3aTpy,llHH8T C03,.liaHH8 3aiitH-THOil MaCKH. no::~TOMY Mli 
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npOBO,D;HJIH o6JiyqeHHe MDM-cTpyKTYP. 6e3 MacKH. ~aKTHqecKH 6~JIH 

06JiyqeH~ TIJiaCTHH~ BMeCTe CO BCeMH 

ITOBJIHHJIO Ha nonyqeHHUe pe3yJibTaTH. 

HccnenyeMHMH cTpyKTypaMH, qTo 

2. OonroTOBKa MDM-crpyKTyp 

B KaqecTee HCXO.llHOrO MaTepKana 6HJIH HCTIOJib30BaHbl 

TIOJIYH3011Hpy10W.He ITJiaCTHH:bl GaAs: Cr, Ha KOTOp:biX 6HJI C03llaH aKTHBHlHi 

JierHpOBaHHHfi: n-KaHaJibHHfl CJIOH nyTeM HMnJiaHTaUHH HOHaMH KpeMHHH C 

3HeprHeH 90 K3B H c )l030f1. 10 13 eM - 2 nocne 6blcTporo rennosoro 

OT~Hra B BaKyyMe KOHUeHTpaUHH HOCHTeJieH .llOCTHr'Jia 3HaqeHH51 

17 -3 
Nd - 6 · 10 CM MnM-crpyKrypbl ( MeTaJIJIHqeCKHe KOI-ITaKTll THTia 

illOTTKH) B BHJie rpe6eHOK KOHTaKTHbiX 3JieKTpO.llOB, HaTiblJieHH:biX Ha 

TIOBepXHOCTH TIOJiynpOBO.llHHKOBOrO MaTepHaJia, C03.D:aBaJIHCb B TaKoH 

TeXHOJIOrHqecKOfl TIOCJie.llOBaTeJihHOCTH: 3JieKTpOHHaH JIHTOrpa!fJHH, 

B3pblBHaH (lift-off) TeXHHKa H BaKyyMHOe HaTiblJieHHe Ti/Pt/Au 

50/70/50 HM) . lliHpHHa H llJIHHa 3JieKTPO.llOB 6UJIH COOTBeTCTBeHHO 

w 0,5MKH1 50 MK. BblJIH C03.D:aHbl TpH THIIa MllM-CTpyKTyp, 

KOTOpble OTJIHqaJIHCb TOJibKO paCCTOHHHeM Me*.llY 3JieKTponaMH d = 1 MK, 

2 MK H 4 MJ(, .UJISI B3aHMHOfi: H30JIHUHH MilM-CTpyKTyp OT OCTaJibHhlX 

aKTHBHblX neTaJieH HCTIOJib30BaJIOCb XHMHqecKoe MC30TpaBJI€HHe 6e3 

.llOTIOJIHHTeJibHOr'O TIOKpblTH51 ~H3neKTpH4eCKHM gamHTHYM CJIOeM. Ha pHC.1 

ITOKa3aHa MnM-CTpyKTypa C napaMeTpaMH W = 0,5 MK H d = 1 MK. 

3. Pe3yJibTaTY H3MepeHHH ~ KK o6cy~neHHe 

H3MepeHHe 3JieKTpHqeCKHX xapaKTepHCTHK MnM-cTpyKTyp 

2 

PHC. la. $QTOr'pa$H51 BCTpeqHOWT:bipeeoH MnM-crpyKrypu 

Ti/rt/Au 

SI Ga/\s ........., 
~ ~ 

PHC. 16. nonepe'lHOe ceqeHHe MDM-CTpyKTyphl, C03,D;aHHOH Ha GaAs 
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npOBO..!J,HJIOCb cpa3y nocJie HX H3r'OTOBJI€HH.s:I. TeMHOBhl€ BOJibT-aMnepHbl"€ 

xapaKT€pHCTHKH. (BAX) H3Mep.s:IJIHCb ·npH KOMHaTHOfl TeMnepaType. Bee 

TIO,.!lrOTOBJI€HHhl€ CTpyKTYPll 6hi:JIH H3MepeHH B 060HX HanpaBJI€HH.s:IX B 

HHTepBaJie OT - 5 8 ,.!10 + 5 B. 

3KcnepHM€HThl TIOKa3aJIH, 4TO 80JibT-aMnepHhle xapaKTepHCTHKH 8 

o6oux . HanpaaneHHRX npaKTH4€CKH CHMM€TpH4Hhl BCJI€..!J,CTBH€ HaJIH4H.s:I 

..!J,BOliHOr'O 6apbepa liJOTTKH. Ha puc. 2 ITOKa3aHI:l THTIH4Hbl€ 

BOJibT-aMnepHhl€ xapaKTepHCTHKH MTIM-CTpyKTyp (TpH BepXHHe KpHBble), 

H3 KOTOphlX CJie,.!lyeT, 4TO T€MHOBOA TOK B03paCTaJI OT H€CKOJibKHX 

,.!l€CRThlX HaHOaMnepa B OKpeCTHOCTH HyJieBOr'O HaiTpR~eHHR ,.!10 H€CKOJibKHX 

,.!l€CRThlX MHKpOaMnepa npH 5 8. B€JIH4HHa TOKa TaK~e 3aBHCHT OT 

M€*3Jl€KTpO,.!lHOr'O paCCTORHHR d. 

TIOCJie H3MepeHHA 80JibT-aMnepHYX xapaKTepHCTHK GaAs-nnacTHHa 

pa3JiaMhlBaJiaCb Ha 9 npHMepHO ORHHaKOBhlX 4aCTefl ( 3 X 3 MM) ..!J,JI.s:I HX 

nocneJIYIOI.!lero o6JiyqeHH5l a JIH0 mum Ha ycKopuTeJie 3r-5. o6nyqeHHe 

npOBOlUIJIOCb 8 saKyyMHOfl KaMepe, o6hi4HO HCUOJib3yeMOfl ..!J,Jl.s:l H3MepeHHH 

pe3ep~op.noscKoro o6paTHoro pacceRHHR. Tiy4oK rrpoTOHOB ~oKycuposanc.s:~ 

.no .liHaMeTpa 2 MM H na.nan Ha o6pa3Uhl no.n: yrJIOM 90°. TioJiy'iaeMa.s:I 

o6pa3UOM JI03a onpe)leJIRJiacb no -BeJIH4HHe nepeHOCHMoro ny9'KOM qacTHU 

3apR,.!la 3a Bp€MH 3KCIT03HUHH C TIOMOmb~ HHTerpaTOpa TOKa. no3bl 

o6JJylf8HHR 6hi:JIH Bb16paHhl TaKHMH ~e. KaK H l(JI.s:I HH3K03HepreTH'I€CKHX 

ITpOTOHOB: 10 13 , 10 14 H 10 15 CM- 2 TipH 3HeprHH DPDTOHOB 0,75; 1,5 H 

3, 0 M:3B. nocne o6Jiyl.feHHH )l€BRTH o6pa3UOB ( IlO O,llHOMY o6pa3UY Ha 

Ka~JIYD H3 Tpex .Il03 H Ha Ka~..!J.YIO H3 Tpex 3HeprHH) B 9TH CAH 

npOBO~HJIOCb ITOBTOpHO€ H3MepeHHe BOJibT-aMnepHUX XapaKTepHCTHK. 

CpaBHHBUI xapaKTepHCTHKH JlO H TIOCJI€ 06Jiyl{eHHR, Mbl BbiRCHHJIH, 

4TO B o6Jiy4eHHhlX o6pa3UaX npoH30WJlO 3aM€THOe yMeHblU€HHe TOKa BO 
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PHC.2. 80JibT-aMnepHhle xapaKTepHCTHKH MnM-CTpyKTYPDI Ha GaAs 

)10 H ITOCJ18 o6nyqeHHR npOTOHaMH 
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PHc.3. BOJibT-aMnepHble XapaKTepHCTH~H o6Jiy~eHHOA MTIM~CTpy~Typy 

npu pa3HhlX paccTORHHRX d Me...a.y 3HeKTpo~aYH 
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BCeM HHTepaa~e HarrpRm8HHH Bll~OTb ~0 5 B H, TaKHM o6pa30M, y~aROCh 

TO~HO orrpe~e~HTb o6~yqeHHy~ o6~aCTb Ha Ka~OM o6pa3Ue. 0Ka3aROCh, 

qTQ YM8HbW8HH8 TOKOB Ha pa3HUX o6pa3Uax 3aBHCHT KaK OT ~03G, TaK H 

OT 3HeprHH npOTOHOB. MaKCHMa~bH08 TIO.Il.aBJI8HH8 TOKOB ( TIOHHJK8HH8 Ha 

.nea rrops:r.n;Ka) Ha6n~.nanocb y MIIM-cTpyKTyp, o6nyqeHH11X npGTOHaMH c 

3HeprHeA 750 K38 npH .ll.03e 10 14 -2 
CM B HHJKHefi qacTH pHC.2 

npnse.neHI:l TPH KpHBHe, nonyqeHHble nocne o6nyqeHHR. npH ynoMs:ruyn1x 

BhlW8 YCJIOBHHX. CpaBHHBaH 3TH KpHBYe C BepXHHMH KpHBhiMH, MOlKHO 

3aM8THTb 3qJ'tJ8KT 06JiyqeHHH llpOTOHaMH, a TaKJKe C.Jl8JiaT~ BllBO,II. 0 

H806XOJJ;HMOCTH YB8JIH'-f8HHH JHtana30Ha H3M8p8HHH BOJlbT-aMnepHYX 

xapaKTepHCTJfK. l.f3M8p8HIHI IIOKa3aJIH, '-ITO COXpaHHJiaCb 3aBHCHMOCTh 

BeJJH'-fHHhl TeMHOBOrO TOKa OT M8lK.Il.Y3~8KTpO.Il.HOro paCCTOHHHH. ~RH 

OTM8t.f8HHhiX BbTWe ycROBHfi o6nyqeuus:r Ha6mo~aeTC.R, KpoMe Taro, 

paJlHKaJihHOe yBeJJJ:f'i8HHe npo6ueHoro uanpHJKeHHR Un ( onpe.n;eneHo npH 

100 HA). TaK, ~JIR paCCTOHHHH d = 1 MK OHO .li;OCTHrJIO 6 BOJJbT, JlJIH 

d = 2 MK 14 BOJibT H ~JJH d = 4 MK 37 BOJihT (pHC.3). 

Ha puc. 4 noKa3aHa 3aBHCHMOCTh un aT 

3JI€KTpO.l{aMH. 06"bHCH€HH8 3TOH 3aBHCHMOCTH 6b1Jl0 

paCCTOHHHR M€JK.llY 

~aHa paHee[ 21 . TipH 

npoTOHHOM o6nyqeHHH B ~aAs 803HHKa~T U€HTpb1 llOBP8*~8HHH , KOTOpble 

3qJ¢8KTHBHO 3aXBaTHBanT 3JI€KTpOHH H .n;hlpKH. 3TH U8HTpbl CHHMaDT 

llpOBO.UHMOCTh aKTHBHOrO CJIOH nyTeM ynaJieHHH CB060.UHbiX 3Jl8KTpOHOB H3 

30Hbl llpOBO~HMOCTH. 

TaKHM o6pa3oM, B pe3yJrhTaTe .uaHHoro HCCJI8.1l.OBaHHH 6wno 

TIOKa3aHo, llTO 06Jiy,"l.eHH8 MITM-cTpyKTyp npOTOHaMH C Bt.I:COKHMH 3HeprH

HMH npHBOJJ;HT K o6pa30BaHHIO llOBOJJhHO OJlHOpOJIHllX BbiCOKOp83HCTHBHbiX 

cnoee Ha rny6HHY B HeCKO~hKO MHKpOM8TpOB. 
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PHC. 4. 3aBHCHMOCTb npo!SHBH.Oro HanpHlK€HHH UIT OT paCCTOJI.HHH d M€JK.llY 
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