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CKbJHTeH H.P. , Tt0T10HHHKOB C.H. , WanHnHH B • H. 
CBepxnpOBO)J,H~He )J,eTeKTOpbl H)J,epHblX H3nyqeHHH 

14-92-29 

PaCCMOTpeHbl )J,OCTH)KeHHH B o6naCTH CO3,lJ,aHHH )J,eTeKTopoB 
HP,epHblX H3nyqeHHH, OCHoBaHHblX Ha HCnonb3OBaHHH cBepx
rrpoBo)J,HMOCTH. 0THOCHTenbHaH npoCTOTa KOHCTPYKUHH, aMrrnH
Ty)J,HO 43peMeHHble xapaKTepHCTHKH P,eTeKTOPOB, pa)J,Hal.l;HOHHaH 
CTOHKOCTb H APYrHe rrapaMeTpbJ o6ecrre'!H:BatOT HM npeH:My~ecT
BO B 6YAY~HX 3KCrrepH:MeHTax, oco6eHHO B o6naCTH H3yqeHHH 
TaK Ha3b1BaeMOH tlTeHeBOH MaTepHH: 11

• 

Pa6oTa BhlITOnHeHa B Ila6opaTOpHH cBepXBhlCOKHX 3HeprHA 
O.IDIH. 

Coo6meH11e O6i.eaHHeHHOro HHCTHT)'Ta 11::1epHblX HCC,1e;\OBaHHH. !].y6ua 1992 

ITepeBO)J, aBTOPOB 

Scintei N.R., Tyutyunnikov S.I., 
Shalyapin V.N. 
Superconducting Nuclear Radiation Detectors 

14-92-29 

The recent progress in the development of supercon- -
ducting nuclear radiation detectors is presented. The re 
lative simplicity of the construction, the excellent 
energy and time resolution, very high radiation firmness 
secure them the priority in the future experiments, es
pecially in the study of the so-called "dark-matter". 

The investigation has been performed at the Particle 
Physics Laboratory, JINR. 

Communication of ihc Joint Institute for Nuclear Research. Dubna 1992 



BBE.QEHHE 

8 noc11e,qHHe ro,qbl B aCTPO<l>H3HKe ycTaHOBJleHo, 4TO Macca cse

TRU\HXCR 061,eKTOB' 3Be3,q "' ra30B. COCTaB11ReT MeHee 1 0% OT MaCCbl 

. ra11aKTHK / l/ . TeopeTH4eCKHe ,qOBO,Qbl KOCMOJlOrHH "' Teop1-11-1 o6paso

BaHHR ra11aKTHK- nj)HBO,QRT K MblCJll-1 0 _TOM, 4TO OCTaJlbHaR Macca 
11 TeHesoi1 MaTep1-11-1 11 ,QOJl)l(Ha COCTORTb He l-13 npoTOHOB, Her:iTPOHOB 

1-1 ,qpyr1-1x, Ha6rno,qaeMblX s 11a6opaToPHRX 4acn14, a 1-13_ ·cosepweHHO 

HOBOro THna 4acT1-14. 3TH 4aCTH4W, HaswsaeMwe <IJOTHOHaMH, CKailRP

HblMH Her:iTPHHO, Hei1TPHHO tlHPaKa, KOCMHOHaMH, HMelOT CKOPOCTb 

~10 - 3 c 1-1 Macey oT 2 ,qo 100 r3B/c 2 • 

PacceRHHe 3THX 4acT1-14 Ha R,qpax coo611\aeT noc11e,qH1-1M 3HeprHro 

B HecKOJlbKO KHJ103JleKTPOHBOJlb T. tlJlR l-13MepeHHR .. Ta Kl-IX 3Hepr1-1A. Tpe_- · 

6ylOTCR oco6ble ,qeTeKTOPbl C Mailor:i sanpelJ.\eHHOr:i 30HOA' KOTOPblMH 

MoryT cTaTb _ Kp1-1oreHHb1e 1-1111-1 csepxnposo,qRIJ.\He ,qeTeKTOpbr, 0611a,qaia-

11\He HH3J:<HM noporoM 3Hepr1-1A per1-1cTp1-1pyeMblX 4acT1-14 • 

.Qpyroe nopa31-1TeJ1bHoe csor:ictso 3rnx · HOBblX np1-16opos cocT:01-1T • 

B TOM' 4TO OHH 0611a,qaroT 04eHb XOPOWHM paspeweH.HeM no 3HeprHRM 

BnJlOTb ,qo HectCOJlbKHX ,qecRTKOB 311eKTPOHBOJlbT_. 8 TO )l(e speMR · .. 

3HepreT1-14ecKoe paspeweH1-1e KpeMHHesbrx 1-111".1 repMaH1-1esh1x no11ynpo

so,qHHKoswx ,qeTeKTOPOB MRrKoro peHTreHOBCKoro x-1,1311y4eHHR 

-He 11y4we ::: 150 3B. Ony6111-1KoBaHHble co"o611\eHHR _no·- ,qei-eKTHpOBaHHIO ~ 
KpHoreHHblMH ,qeTeKTopaMH <l>oHOHOB 121 , cos,qaHHblX R,qepHblMH 4aCTH-

4aMH B OXJla)l(,qeHHblX MaCCHBHblX MOHOKPHCTa1111ax t OTKpblBalOT B03MO)l(

HOCTb He TOJlbKO perHCTpa41-11-1 4aCTH4, HO l-1 onpe,qeileHHR Koop,qHHa

TW HX asaHMO,qer:icTBHR B MOHOKPHCTa1111e C T04HOCTblO ,qo 1 M~
3

• o~
iia,qaR 60JlbWHM 061,eMOM MoHoKpHCTaJlJlOB, HeCMOTPR Ha o4eHb Manoe 

MHKPOCKOn1-14ecKoe ce4eHHe B3aHMo,qer:icTBHR Bh1weyKasaHHblX 4aCTH4 

C R,QPaMH - OKOJlO 10,-32 
CM 2 , KpHoreHHblr:i ,qeTeKTOP MO)l(eT CTaTb 

peaJlbHblM npaKTH4eCKHM ycTpor:iCTBOM ,QJlR TaKHX l-13MepeHHr:i. 

r11aBHaR npH4HHa Me,q11eHHOi1 pea111-1sa41-11-1 3THX ,qeTeKTOPOB 3aK1110-

4aeTCR He TOJlbKO B cpaBHHTeJlbHOr:i HOBl-13He np1-1H41-1na HX pa60Tbl, 

HO l-1 B TPY.QHOCTH TeXHOJ1or1-14ecKHX npo4eccos npl-1 I-IX H3rOTOBJleHHH. 

1. TOHKA.R CBEPXnPOBOMmA.R nnEHKA 

KAK .QETEKTOP -.R.QEPHblX 4ACTHU 

noc11e noRs11eHHR pa6oTbl WepMaHa
131 

no 1-1cno11bsosaH1-1ro csepxnpo

so.QRIJ.\HX n11eHOK ,QJlR· per1-1cTpa41-11-1 sapR)l(eHHblX 4acT1-14 6b1Jll-1 l-13Y4eHbl 

pa3Jll-14Hbre n11eH04Hf?le MaTep1-1a11b/4- 7i np1-1 60M6ap,q1,1posKe 1-1x ~-4a-
, ... -.t ... ,•,,....,..:• ------· "·'"'__,·,.· ... ---

;' ~:• l '.,';/;:,:·,,:i.;¥ ,)\;:;,:~;:;: ) 
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PHc. I. CxeMa TOHKO
rmeuoquoro geTeKTopa 
H3 Pb HJIH In / a/ • 
3aBHCHMOCTb KpHTuqec
Koro TOKa oT TeMnepa
TYpbI BaHHbi /6/. HM
nyrr~CbI C geTeKTOpa 
npH o6rryqeHHH a-qac
TH~aMH /B/. 3aBHCH
MOCTb KpHTHtiecKoro 
paguyca a-qacTH~ OT 
TeMnepaTypbl BaHHb! /r/. 
PucyHOK B3HT H3 pa-
6OTbl /g/ 

70.----.---..--....... --..-----,.----,----, 

., 
0. 
E 

60 

,g 50 

] 
!z 40 
w 
a: a: 
=> 
u 30 
...J 

~ 
i== 
5 20 

10 

-r..,. ~ 
~ .. 

"¢, 

'\ 
~ 

~Ia 

~ 

MATERIAL: INDIUM 
THICKNESS: IOOOA 
WIDTH: 34/L 

0--------------------............ __ _, 1.2 1.6 2.0 2.4 2.8 3.2 3.6 4.0 
BATH TEMPERATURE(°K) 

6 

.16.------,r----r---r---r-----r-----r--~ 

~ 
(/) 

14•' 

12 

10 

=> 8 
i5 
<t 
a:: 
...J 
<t 6 u 
i== 
ii: 
u 

4 

2 

0,2 

2 

MATERIAL: INDIUM 
THICKNESS'. IOOOA 
- THEORETICAL; LATTICE 

EXCLUDED . 
--THEORETICAL·, LATTICE 

INCLUDED 
O EXPERIMENTAL·, CRITICAL 

CURRENT · 
A EXPERIMENTAL·, PULSE HEIGHT 

_______ _,,,,./ 

1.6 2-0 2.4 28 32 
BATH TEMPERATURE (°K) 

r 

I 
I 

3.6 4-0 

~ 

... 

''-t 

T 
I 

CTHUaMH. no3AHee ra6yTH H Ap. 181 perHCTPHPOBaflH Ha nneHKe 
H3 HH06H.A X-ny4H H 6biC:Tpb1e 3neKTpOHbl. . 

B Ka4ecTse nPHMepa Ha PHC. 1,a npeACTasneHa ToHi<a.A c:'sepxnpo
soA.A~a.A nneHKa CBHHUa HflH HHAH.A TOfl~HHOH 0,1 MKM H WHpHHOH 
34 MKM, HaHeceHHa.A Ha KBapuesy10 noAnomKy 191 • Ha pHc. 1,6 noKa-
3aHa xapaKTepHCTHKa KPHTH4ecKoro TOKa KaK ¢yHK4H.A TeMnepaTYPbl 
nOAflOmKH /HenpepbiBHa.A KPHBa.A/ H Ta me xapaKTepHCTHKa npH o6ny-
4eHHH nneHKH a-4aCTH4aMH /wTpHXOBa.A KPHBa.A/. B cny4ae 06ny4e~· 
HH.A nneHKH a-4acTH4aMH 3HeprH.A, nepeAaBaeMa.A B npo4ecce COYAa
peHH.A c aToMaMH peweTKH, seAeT K noswweHHID TeMnepaTypw ~a on
peAerreHHOH nno~aAH nneHKH H epeMeHHOMy nepexoAY 3TOH nno~aAH 
H3 csepxnpOBOA.A~ero COCTO.AHH.A B HOPManbHOe, B pe3ynbTaTe 4ero 
YMeHbwaeTc.A nno~aAb nonepe4Horo nposoA.A~ero ToKa nneHKH, 4TO 
BeAeT K yMeHbWeHHID KPHTH4ecKoro TOKa. AsTopw 191 o6Hapym~nH, 
4TO caMorac.A~HeC.A HMnynbCW Ha HarPY304HOM conpoTHBneHHH noA 
AeHCTBHeM ~-H3ny4eHHH Ht-1e10T MeCTO B OCHOBHOM B o6naCTH, 6nH3-· 
KOH K KPHTH4ecKoi:i TeMnepaType nneHKH /cM.pHc.1 ,6/. ,llnR ofib.Ac
HeHH.A 3Toro noseAeHH.A 6bin pacc4i;naH KpHTH4ecKHH paAHYC soKpyr 
naAalO~eH a -4aCTH4bl, npH KOTOPOM TeMnepaTYPa nneHKH noBblwaeTC.A 
AO KPHTH4eCKOH. TeopeTH4eCKHe pac4eTbi' 31 ' OCHOBaHHble Ha o6~eM 
ypasHeHHl1 T_ennonpOBOAHOCTH, cosnaAalOT C 3KcnepHMeHTaflbHblMH 
AaHHbiMH, ecnH npHH.ATb, 4TO KPHCTanJlH4eCKa.A peweTKa B Te4eHHe 
TaKoro KOPOTKoro speMeHH He Y4aCTBYeT B OT6ope npOH3BOAHMOrO 
a -4acTH4ei:i Tenna. 113 3Toro cneAyeT, 4TO peweTKa nac_CHB_Ha AO~ 
cTaT04HO .Aonroe_ epeM.A, no3T0My KaK Afl.A Pb, .TaK H An.A· in PaAHY
cw re OAHHaKOBW. BpeM.A AOCTHmeHH.A 3Toro PaAHyca· re 3asHCHT 
TaKme OT TeMnepaTYPbl noAnomKH, H s HHTepsa.he 173 ,3 K oHo Me
H.AeTc.A OT 9-10-11 AO 1,4•10-9 C (p~c,1,r). 

Ha pHc.1,s noKa3aHw HMnynbcw a-4acTH4,nony4eHHwe B 3KcnepH
MeHT,e /9/. BpeM.A HapacTaHH.A H cnaAa CBHAeTeflbCTsyeT O 6blCTpOM 
caMoraweHHH Ha6nlOAaeMWX HMnynbCOB. npH ysenH4eHHH HHTeHCHBHO
CTH a-H3fly4eHHH·3~eKT y4acTH.A KpHCTannH4eCKOH peweTKH B OT6o
pe TenJ1a CTaHOBHTC.A o~yTHMblM, 4TO seAeT K HC4e3Hose_HHIO HMnynb -
cos. B pa6oTe CTpena H AP. 1101 npeACTasneHa TaKme csepxnposciA.A
~a.A NbN TOHKa.A nneHKa TOfl~HHOH O ,35 MKM, HCnOflb30Ba'swa.AC.A. Afl.A 
H3MepeHH.A cna60HOHH3aUHOHHWX. H3flY4eHl-1H npH pa6o4eH. TeMnepaTy-' 
pe 5 K H ToKe non.ApH3aUHH 18 MA. 

npH o6ny4eHHH nneHKH 6wcTpblMH 3neKTPOHaMH OT HCT04HHKa 
106Ru HMnynbCbl Hanp.AmeHH.A HMenH aMnnHTYAY ~60 MB C HapacTa10-

~HM ¢POHTOM HHme 300 nc. H3MepeHHa.A WHpHHa 3anpe~eHHO~ 30Hbl 
3Toro cnnasa 60 = 2,42 M38. · 

Pa3pa60TKa HOBWX TeXHH4eCKH BOCnPOH3BOAHMblX BblCOKoTeMnepa
TYPHWX csepxnpoBOAHHKOB 1281 OTKpblBaeT cosepweHHO HOBble nepc
neKTHBW B Hcnonb30BaHHH TaKHX nneHo4HWX MaTepHanoB Afl.A AeTeK

·THposaHH.A .AAePHWX 4acTH4. 

3 



2. CBEPXnPOBO.Q.RlilHE nPHEMHHKl-1 113flY4EH11.R: -
60flOMETPbl 

·CsepxnposoARll.lHe npi-ieMHHKH 11any4eHHR OTHOCRTCR TaKme K rpyn
. ne TciK Ha3blBaeMblX 6onoMeTpos. 8 6onbWHHCTBe c.ny4aeB 0CH0BHblM 

:rneMeHT0M 6onoMeTpa RBnReTCR CB060AHO nOABeweHHaR ¢,0nbra,. Ha-
,, - ' ' 

nbrneHHaR Ha T0HKyJO n0AD0mKy. ' ., 
4yscTBHTEmbHOCTb TaKHX npHeMHHKOB orpaHH4HBaeTCR 13 ocH'osHOM 

) ' - . .' .. ' : ,_,,, - , 

TennosblM wyM0M, senH4HHa K0Topor9 ~HnbH0 aaBHCHT OT TeMnepaTy-
Pbl KaK caMoro np11eMHHKa, TaK 11 oKpymaJOll.ler::i cpeAbl. CsepxnposOAR
lllHe 6onoMeTpb1 o6ecne4HsaioT 04eHb cna6we ¢>nJOKTya1.1110HHb1e wyMbl, ·.· 
HH3KYIO TennoeMKOCTb, 04eH'b 6onbW0l1 nepenaA conpoTHBneHHR 's6nH-
3H T04KH nepeX0Aa OT HOPM,anbH0ro K csepxnpOBOARil\eMy C0CT0RHHIO. 

6onoMeTpbl, HCn0nb3YIOll.lHe cHnbHOe H3MeHeHHe conpoTHBneHHR 
nOA Aer::iCTBHeM H3MepReMblX 4aCTHLI, 65naAaJOT xopoweA 4YBCTBHTenb -
HOCTblO snnoTb AO 10-16 BT/r1.1 ½ , HO,' n0MHMO 04eHb_ HeaHa4HTenb -
H0r::i 3¢>¢)eKTHBHOCTH, pa6o4aR TeMnepaTypbl A0DmHa 'iiOAAeP>KHBaTbCR 
C TO4HOCTbJO He xyme 10-·4 K /U/ •· ' ' ' 

· 6narbAaPR cHnbHOMY CHHmeHHIO TenhoeMK0CTH hp~ o4eHb HH3KHx· 
TeMnepaTypax 06paa1.1os, n0RBHDHCb 6onoMeTpbl C' HCnonb30BaHHeM_ 
4HCT,b1X AHaMarHl-1THblX M0H0KPHCTannos, rAe eAHHCTBeHH0e BflHRHH'e 
Ha TennoeMKOCTb 0Ka3b1sa10T KonneKTHBHb1e Kone6ar-i~R p~weTKH 1171 

H rio3ToMy _TennoeMK0CTb nponop1.1HoHanbHa, s·cooTseTcTsHH c 3aKo
Ho~ .Qe6a~·, TeMne~aType ~ TpeTb~r::i cTeneHH. CHnbH0e ~H~meHHe . 
i'ennoeMi<OCTH CBR3_aHo' C 'TeM' 4TO 6ohbwoe Koni,i4ecnio CB060AHblX ,' 
aap.RAOB CB.R3blBaJOTCR, ·s KynepoBCKHe napbl H 11KOHAeHCHPYIOTC.R 11 's 0A
H0 KsaHTosoe cocTO.RHHe, s KOTOpoM 'OHH oKa3blsaioTcR BblKDJ04eHHbl.: 
MH 113 Tennosoro 6anaHca csepxnposoAi-tHKa. nocKonbKy s MeTannax 
Tenno nepeHoCHTC.R's OCHOBHOM CB060AHblMH 3neKTP~HaMH, TO HX ·HC
KDI04eHHe A0nmHo noHH3HTb TennonpoB0AH0CTb, Ha HeCK0nbK0 nop.RA
KOB;. 3TH 6naronpH.RTHble ycnoBH.R 0TKpblDH B03MOmHOCTb. HCnODb30-
BaHH.R 6onbWHX csepxnpoBOA.RlllHX MOHOKPHCTannos s' Ka4ecTse AeTeK--
T0pOB cna6bIx H3nY4eHHA /2,14,16/ • · 

. '' Ha pHC .2,a 1291 noKa3aH repMaHHeBblr::i' MOHOKPHCTann-6onoMeTp 
paaMepoM·' 1 g' 1 xO, 4x0, 3 CM AD.R H3MepeHHR a -4acTHL1 OT cna6oro HC
T04Hl1Ka 22 Ra. 3To 6onbwoe AOCTH>KeH11e' ecnH y4ecTb ' 4TO B __ 6onb -
WHHCTBe ony6n11KoBaHHblX pa6oT 112, 161 6onoMeTp-b1 HMeJOT pa3Mepb1 
Ha T.PH noPRAKa MeHbwe. AnecaHAPenno r:-t AP. 1291 nony4eHo:paape
weHHe no 3HeprHH -1% npH oxnamAeHHH AeTeKTopa AO 71 MK. 11aMe
peHHe TeMnepaTyp~ 0CYllleCTBn.Rn0Cb o6bl4HblM K0MMep4eCKHM TepM11-

CTOP0M 061,eMOM O '5 MM 3 ' HaKneeHHblM Ha OAHi "13 nosepXHOCTer::ii' 
M0H0KPHCTanna. 

Ha p11c.2,6/~i/ npeACTasneH HMnynbc BblXOAHoro HanpRmeHHR 
C 1.1enbl0 HJ'lnlOCTpa1.1HH MepTsoro speMeHH AeTeKTopa, l13MepeHHblA 
aMnnHTYAHblr::i cneKTp a-HCT04HHKa 228Ra npeACTasneH Ha PHC~2,B~ 
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P11c.2. 061q11fi BlIA 6oJioMeTpa 
I al. <I>opMa aMnJIIITy,riHoro IIM
nynhca /6/. CneKTP pacnpeAe
neHIIH aMTTJilITYA a -tiaCTIU~ 
23BRa /B/. PncyHOK B3HT 113 

pa60Tbl : 29 : 

CKOPOCTb C4eTa TaKoro AeTeKTopa, npH y4eTe CTaT11cT114ecKoro 
pacnpeAeneHHR HMnynbC0B' He npeBblWaeT 10 c- 1

• TennoeMKOCTb np11-
6opa, onpeAenReMaR no H3MepeHH0MY aMnnHTYAH0MY cneKTpy, pas-
Ha /2,0 ±0,2/·10-10 .Qm·K- 1 , BKDI04aR AODIO, BH0CHMYIO TepMHCTO
poM' /0 '3 ± 0' 1 /. 10-10 .Qm· K-1 • l,13-3a TexHonorH4eCKHX TPYAHOCTer::i 
oxnamAeHHR aBT0paM 129 ' He YAa.nocb HCnbITaTb MOHOKPHCTann 6onb
wero paaMepa. no HX 01.1eHKaM, M0mHo ysenH4i,iTb pa3Mepbl M0H0KPH

tTanna AO 0AH0r0 H 6onbwe caHTHMeTpoB. 
.Qpyroe C006ll.leHHe

0 

06 HCnonb30BaHHH 6onbWOro M0H0KPHCTanna 
KpeMHHR B Ka4ecrse 6onoMeTpa, H3Mep.RIOll.lero H3ny4eHHR q>0HOH0B, 
npHBeAeHo s pa6oTe Hioxayaepa'2'. CTepmeHb AnHHoA 8,9 cM H AHa
MeTpoM 0,5 MM H3 M0H0KpHCTanna KPeMHHR oxna>KAeH AO 2 MK >KHA
KHM renHeM 3H~. Ha 0AHH KOHe1.1 CTep>KHR noAaBa~HCb n~3epHble cse
T0Bble HMnynbCbl' a Ha APYr0M npH n0M0ll.lH HaHeceHHoro yrnepoAHoro 
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TepMHCTopa "13MepRnHCb nony4eHHHwe HMnYnbCW~ XoTR AnHTenbHOCTb 
naaepHWX HMnynbCOB O, 1 Mt<C, Ha AeTet<Tope HaMepReMble HMnYnbCbl 
noRBnRnHCb cnycT~ 15 Ml<C /BPeMR nPH6WTHR <!>~HOHOB/. TeopeT114ec
t<He pac4eTw Ta1<me no1<aaan11, 4TO ADnR_ 3Hepr1111, naAaro~e~ Ha Tep
MHCTOP, 6b1na B 5 · 10-5 pa3 MeHbwe nOAi:lBaeMo~ ·Ha nepeAHIOIO no
aepxHOCTb AeTet<Topa. 

HoaoA_, npeAcTaBnRro~eA 6onbWOH HHTepec RBnReTCR Tat<me pa6o
Ta AcTanoaa 11 AP·/SO/, a t<OTopoA coo6~aeTCR 06 11cnonbaoaaH1111 
BWCOt<oTeMnepaTYPHWX caepxn~OBOAHHl<OB B t<a4eCTB~ nneHo4Horo 60-
noMeTpa AnR "13MepeHHR TRmenblX HOHOB 11 4aCTl14 BWCOl<HX 3Hepr11A. 

3. CBEPXnPOBOtlJlll!HE TYHHEflbHblE :<OHTAKTbl 
B KA4ECTBE AETEKTOPOB X-flY4E~ 

CpeAH 1<p11oreHHblX AeTet<TOPOB paAHa41111 csepxnpOBOAR~He TyH
HenbHWe t<OHTat<TW aaHHMalOT nepsoe MeCTO no YAOBneTsopeHHIO Tpe-
6yeMWM napaMeTpaM: MHHHManbHOH 113MepReMOH 3Hepr.1111 4aCT114, xo
POWHM aMnnHTYAHblM 11 apeMeHHblM pa3peweHHRM 113

-
291

• Ta1<11e· napa
MeTpbl o6ycnoaneHW"TeM, 4TO CaMW~ Hl131<11H ypoBeHb t<Ba3H4aCTl14 
OTAeneH OT caepxnpoBOAR~ero OCHOBHoro ypoBHR 3HepreTH4eCKOH 
30HOH B Hec1<onbt<O MHJ1n113ne1<TPOHBOnbT. 3TO B 1000 paa M~Hbwe, 
4eM y nonynpoBOAHHt<OBWX AeTet<TOPOB. 

Ha p11c. 3,a npeAcTaaneH caepxnpoBDAR~HA TyHHenbHblH t<OHTat<T 
Sn/01<11Cb Sn/Sn , on11caHHb1A TaepeH6onAoM 1181 , a a HHmHeA _4acT11 
p11cyH1<a no1<aaaH 11aMepeHHblA HM cnet<T~ pa~11oa1<THBH6ro.meneaa 
55 Fe. nony4eHHoe paapeweH11e no 3Hepr1111 65 3B B1<nro4aeT Ta1<me . . 

~net<TPOHHYIO annapaTypy. Ecn11 Bbl4eCTb•3net<TPoHHblA wyM; To co6-
CTBeHHoe paapeweH11e AeTet<Topa np116n11maeTCR t< 0,7% MR 3Hepr1111 
5,89 1<3B. Co611paeMblA aaPRA paaeH 2,5·10 5 3ne1<TP0H0B, 4To np11-
BDAHT t< MHHHM,:lnbHoA 3Hepr1111 110H11aa41111_ ... 3 M3B. rnaBHblM npenRT
CTBHeM K CHHmeHHIO 3TOH HOHJ.13a41111 RBnRnacb, no'YTBepmAeHHIO·aa:
TOPOB 1181 , ·rpaHym14HR nneHOK .. C y4eTOM Toro, 4TO AnR o.noBa .. 
!!, = 0 ,58 M3B, B nRTb paa HHme 11a·MepeHHoro, nony4eHHoe pa3pe
~eH11e 0,7% He RanReTCR npeAenb~blM. Ecn11 cpaBH~Tb 3T6 paapewe
HHe. c· paa_peweHHeM nY4WHX nonynpoBOAHHKOBblX np116op0B' TO no-·· 
cneAHHe ycTynaroT caepxnpoBOAR~HM nPHMePHo Ha nOPRAOK. 

PaaMepbl TYHHenbHoro KOHTaKTa np11ae,qeHbl Ha pHc. 3,a. BHAHO, 

] 
1 
l 
I 

4TO HHmH~R nneHKa TOHbWe aep~HeA, sro BeAeT K TOMY, 4TO HM~ - ( 
nynb'Cbl, 06paaosaHHb1e npH norno~eHHH X-ny4eA a HHmHeA, 6onee .· 
TOHKOH _nneHKe' HMeroT 6onbWYIO aMnnHTYAY' 4eM B aepxHeA, 6onee D 
ToncTo.·A I CM. p11c. 3 ,_6/. XsocT H_1131<11x 3Hep.rHA o6ycn~aneH nor no- :_\~ 
~eHHeM X-ny4eA B npoBOAHHKaX TOKa, BHe KOHTaKTHOH nno~aAH. ~ 
AaTopaMH 1 181 6bln"1 npoBeAeHbl TaKme speMeHHble "13MepeHHR '<!>POHTa I 
·HapacTaHHR cHrHa.nos a aaBHCHMoCTH OT TeMnepaTypb1 KoHTaKTa .3nt. j 

! 
6 .\ 

lower Sn-film 

d 1 =0.15µm 

Sn-oxide ba.,:rier(d~ 101{) 

a 

upper · Sn_- film 

d 2 =O.Gµm 

100~-----'------------'----, 
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60 

"' ~ .... 
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40,-
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6 

e 
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6£ FWHM = 90 eV 

( 6EFWHM = 65eV) 
G 

energy(keV) 

6 

·6.49 
Mn Kp 

~ I 

. ·. Pnc. 3. 06~HH Bll,IJ; CBepxrrpoBOp;H~ero TYHHeJibHOI'O KOHTaK

Ta I a/. AMIIJIHTY,[J;HbIH crreKTP X-nyti:eti 
55Fe / 6/ •. PncyHoK 

B3HT ll3 pa60Tbl / l8/. 

pe'aynbTaTbl noKc33blBalOT, 4TO C ysenH4eHHeM TeMnepaTypbl aMnnHTy
_,qa HMnYnbCOB cHHmaei-cR, 4TO o6bRCHReTCR aoapacTaHHeM noTepb 
KBa3H4aCT"14 Bcne,qCTBHe peKoM6HHa4HH •. BpeMR. HapacTaH11R (j)poHTOB 
TaKme CHHmanocb AO OAHHaKOBoro 3Ha4eHHR AnR o6eHx nneHoK, yKa-
3blBaR Ha TO, 4TO. C poCTOM TeMnepaTYPbl speMR peKoM6HHa4"111 YMeHb
waeTcR. 
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4. CBEPXnPOBOARWHE TYHHEilbHWE KOHTAKTW 
B KA4ECTBE AETEKTOPOB $0HOHOB 

Cyt.qeCTByKJt.ql1e no11ynpOBOAH11KOBble AeTeKTOPbl 06ecne411sa10T Hal1-

J1Y4Wee paapeweH11e 3Hepr11H 4acT114 / ~ 3 K38 Ha 1 Kr KpeMHl1R/ 

11 caMbtH Hl13Kl1H -nopor 3Tl1X 3Heprl1H / ~. 4 K38/. 8 3Toi1 0611acT11 

3Hepr11H MeHee 30% ocamAaeMOH 3Hepr1111-11AeT HenocpeACTseHHo 

Ha o6paaoBaHl1e nap 3JleKTPOH - AWPKa, npo~3BOARIJ.ll1X Cl1rHaJ1. 60Jlb

WaH 4aCTb 3Hepr1111 /70%/ npeo6pa3yeTcH B $oHoHax c 3Heprl1HMl1 
3 . 

B 10 paa MeHbWe 1 38 - 3Hepr1111, HeoGXOAl1MOi1 AJlH CO3AaHl1R napbl 

3JleKTPOH - AblpKa, Hioxayaep 121 npeAJ1O)!(11Jl HOBblH Tl1n AeTeKTOpa, 

OCHOBblBaHCb Ha 113MepeHl1HX 3Tl1X $OHOHOB, HcTo4Hl1KOM $OHOHOB HB

JlHJlCH 6blCTPblH pacnaA B036YmAeHHblX COCTORHl1i1 nap 3JleKTPOH - Ablp

Ka. 8Ha4a11e 3Tl1 B036Y)!(AeHHble COCTOHHl1H reHep11py10T $OHOHbl B B11-

Ae KOPOTKOBOJlHQBWX aKyCT114eCKl1X BOJlH, KOTopwe 6wcTpo pacnaAa

~TCH Ha AJ111HHOBOJ1HOBbte. 3ToT pacnaA nponop4110HaJ1eH 3Heprl111 

( v 5)' TaK 4TO B 0611aCTl1 AJ111HHblX BOJlH AaJlbHei1wl1H pacnaA HeaHa-

411TeJleH. A1111HHOBOJlHOBble $OHOHbl pacnpocTpaHRl()TCH B Kpl1CTa1111e 

6ea OC06b1X OTKJ10HeH11i1 111111 Al1CnepCl1H TaK Ha3blBaeMblM 6aJ1Jll1CT11-

4ecK11M 06pa30M. HaMepeHl1H, nPoBeAeHHWe npe6CTOM 11 AP,1171 Ha MO

HOKPl1CTaJlbHOM 6pycKe KPeMH11H B Ka4eCTBe 11CTO4H11Ka HOCl1TeJ1H $O

HOHOB, noKa3aJ111 AOBOJlb HO 06HaAem11Ba10t.ql1e peayJlb TaTbl. :AeTeKTOPOM 

$OHOHOB CJ1Y)!(l1J111 TPl1 csepxnpoBoAHIJ.ll1X TyHHeJlbHblX KOHTaKTa, .o6pa-

3OBaHHblX Ha OAHOH 113 nosepXHOCTeH 6pycKa MOHOKPl1CTa1111a o6beMOM 

3x10x20 MM /p11c.4/ 1171 • A£(A£203)AfcsepXnPOBOAHIJ.ll1e TYHHeJlbHble 

KOHTaKTW 1 ,2,3 l1MeJ111 ce4eHl1H A11aMeTpoM 0,3; 0,2 11 0,1 MM cooT

BeTCTBeHHO. Pa6o4aH TeMnepaTypa 6bIJla Hl1)!(e o.,38 K. 8 Ka4eCTBe 

a-11CTO4H11Ka 11cno11baosaH 241 Am, 11a11y4eH11e ~oToporo HanpaBJ1H-

11ocb K 6pyCKY KpeMHl1H 4epe3 ABe t.qe1111 A11aMeTpoM 0,2 11 0,3 MM, 

nPoAeJlaHHble B MeAHOM 3KpaHe, noKpbIBa1Qt.qeM Hl1)!(HIOIO nosepXHOCTb. 

TUNNEL JUNCTIONS 
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MOHOKPHCTann KpeMHHR H3rOTOBneH TaK, 4TO 4epe3 oTeepCTHe 
0 ,2 MM a-4aCTHl.lbl npOH3BOAHnH q)OHOHbl, HanpaenRIOl!IHeCR K ,qeTeK
Topy 1 no KaHanaM [001] , K ,qeTeKTopy 2 q)OHOHbl OT OTBepCTHR 
0 ,3 MM wnH no KaHanaM [11 ll ' a K· ,qeTeKTOPY. 3 q)OHOHbl wnH 6e3 
BCRKOH npe,qn04THTenbHOH HanpaeneHHOCTH. 

Pe3ynbTaTw H3MepeHHH .3THX ,qeTeKTopoe 6necTRllle no,qTeepm,qanH 
H,qeH H~xay3epa 121 O perHCTpa1.1HH q)OHOHOB ceepxnpoBOARlllHMH TYH
HenbHWMH ,qeTeKTopaMH. npo6er 5,5 M3B a-4aCTHI.I 8 KpeMHHH COCTae
nReT 25 MKM, TaK 4TO q)OHOHW co3,qa10TCR o4eHb 6nH3KO OT npoTH
eononomHOH noeepXHOCTH TYHHenbHblX ,qeTeKTOPOB. 

Y3KHH neewA nHK HMnynbCOB /CM. PHC. 4 / 17·' /' CHHTblX C AHOAa 1' 
npe,qcTaenReT co6oA Hecq)OKYCHpoeaHHwe q)OHOHW, HAYlllHe OT OTeep
CTHR AHaMeTpOM 0,3 MM, 8 TO epeMR KaK 4aCTb cneKTPa 6onbWHX 
aMnnHTYA npe,qcTaenReT co6oA Cq)OKyCHpoBaHHWe q)OHOHW, HAYlllHe 
OT OTeepcTHR B 0,2 MM. 0THoweHHe 3THX cpe,qHHX aMnnHTYA 
a 2,5 ·pa3a MeHbWe omH,qaeMoro, nony4eHHoro no pac4eTY MoHTe-Kap
no C y4eToM q)OKYCHPYIOlllero ,qeAcTBHR Kp.eMHHeeoro MOHOKPHCTanna. 
AMnnHTYAHblH cneKTP AHo,qa 2 /pHc.4/ 117 ' npe,qcTaBnReT co6oA OAHH 
nHK, ywHpeHHWH B CTOPOHY HH3KHX 3HeprHA. 3To Y~HpeHHe o6ycnoe
neHo HMnynbcaMH q)OHOHOB, HAYlllHX OT nepeoro 0,2 MM oTeepCTHR. 

npocTpaHcTeeHHoe pacnpe,qeneHHe KoppenHpoeaHHWX aMnnHTYAHWX 
cneKTpoe nepeoro H eToporo AHo,qoe H3o6pameHo H~ pHc.5 117/, r,qe 
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''z'' - HHTeHCHBHOCTb noqepHeHHH. Pnc.4 H 5 B3HThl H3 pa-
60Tbl/I71 • 
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CTeneHb no4epHeHHR npe,qcTaBnRe! HHTeHCHBHOCTb HMnynbCOB no.OCH 
z, nepneHAHKynRPHOH K nnocKOCTH PHCYHKa. nerKo BH,qeTb, 4TO 
q)OHOHHble HMnynbCbl OT nepeoro H eToporo OTeepcTHH KonnHMaTopa 
xopowo oT ,qeneHbl ,qpyr OT ,qpyra. HMnYilbCbl, nony4eHHb1e c TpeTbeto 
AHOAa' He 6blnH. CBR3aHbl C KaKoA-nH60 q)Ol<YCHpOBKOH KpHcTanna. 
OHH HMenH aMnnH,TYAY Ha nOPRAOK · 6onbwe, 4eM 3neKTPOHHb1e WYMbl, 
H pa3peweHHe no 3HeprHH 17%. 3To pa3peweHHe, no yTeepm,qeHHIO 
aeTo'poe 1171 , He3Ha4HTenbHO npeeb1waeT pa3peweHHe caMoro HCT04-
HHKa· a-4aCTHI.I /15%/. 

B 3aKnl04eHHe MOmHo CKa3aTb, 4TO 04eHb He6ortbW~M 4HCnOM qio
HOHH0-4YBCTBHTenbHblX ,qeTe.KTopoe MO>KHO onpe,qenRTb KOOPAHHaTbl 
B3aHMOAeAcTBHR H nonHylO 3HeprHIO HCCne,qyeMblX 4aCTHI.I. 

3AKn!04EHHE 

B pa6oTe paCCMOTpeHbl rnaBHble HanpaeneHHR npHMeHe_HHR ceepx-: 
npoeOAHMOCTH ,qnR HCChe,qoeaHHR H pa3pa60TKH HOBblX THnOB ,qeTeK
TOpOB 4aCTHI.I C aK1.1eHTOM Ha npHHI.IHnbl. pa6oTbl H o6nacTH HX npHMe
HeH~R. t noMOl!lblO TaKHX ,qeTeKTopoe, B npHHL1Hne, OTKpweaeTCR 803-
MOmHOCTb H3MepeHHR HOBWX THnoe 4aCTHI.I, H3 KOTopwx COCTOHT TaK 
Ha3blBaeMaR 11TeHeeaR MaTepHR 11

• 
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