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BBeneaue 

KpeMBHeBbie p - - n -neTeKTOpb! H!lepBb!X uany'leBHil, nony'leBBbie nyTeM npeli-
/1/ . . .. 

q,a HOBOB nHTHSI B sneKTpH'IeCKOM mme p- n -nepexona , aamnu B nocnenaee. BpeMSI 
. nt 

6onblliQ6 npHMeHeBHe S SlllepBOil cneKTpOCKOUHH • 

B nponecce accnenosanuu MeXRHH3Ma ¢opMHposaBHH o6nacTH, 'IYBCTsRTenbBOli K ua­

ny'leBHIO, ·aaMH 6hlnH o6aapylKeBbl aeKOTOpble CTpyKTypHbie ne¢9KTbl p - n :-nepexona 

KpeMHHeBbiX p - i - n · -lleTeKTOpos. B BaCTOHDleli pa60Te npHBeneBbl pe3ynbTaTbl no 

BbiS!SneBHIO ne¢eKTOS, S03HHKa!OlliHX SO speMSI llpei!¢8 HOBOB nHTHSI S MOHOKpHCTanne KpeM­

HHSI p -Tuna, H3MeHeHHS! H CSSI3H STHX ne<!JeKTOB C HeKOTOpb!MR sneKTpR'IeCKRMjl xapaKTe-: 

pRCTHKaMH p - D -nepexona KpeMHH9SbiX p - i - D -neTeKTOpOBo 

Bb!S!Bneaae ne.pexTos P - n -nepexona B xpeMHHesbiX 

p - I - n -neTexTopax u sxcnepuMeaTanbHble peaynbTaTbl 

ne¢eKTbl p - n -nepexona B xpeMHH9BblX p - I - n -neTeKTOpax 6bmH o6aapylKeHbl 

so BpeMSI npeil¢a uoaos nuTHH npu sbiSIBneHHR rpaHHUbl p - n -nepexona onaospeMeaao 

TpeMSI M9TO,!laMK: 

1) npOSIBneHRe CYXHMH HeraTHSHbiMH H n03HTHSHbiMH sneKTpo<!JoTorpa<!JH'IeCKHMR 

/3/ 
npOS!SHTenSIMH 

/4/ 
2) npo'SIBneHHe lKHllKHM snexTpo¢OTorpa¢uqecKHM npommTeneM 

/5/ 
3) npoS!BneHHe MeTOllOM sneXTPOXHMH'IeCKOr.o OTnO>KeHHSI M9llH 

Ha pucyHKe 1 noxaaaaa MHKpo¢OTorpa¢Hll rpaHHUbl p - n -nepexona, s o6paane No 9 

y xOToporo 6bln o6aapylKeB ne¢exT nocne 29 'lo npel!¢8 uoaos nHTHst. Bnaronapll npucyT­

CTSHIO aeonaoponaocTeil B ~oaoxpucTanne xpeMBHS! rpaauna p - n -nepexona H3MeBH-

nacb. npostsneaue p - n -nepexo)la 6bmo ocymecTsneao c noMOlllb!O cyxoro noauTRs-

aoro snexTpo¢oTorpa¢uqecxoro npoliBHTenst nc-1. 06paaen No 9 6hln oTpeaaa nepneHAHKy­
{lll) 

ngpao nanpasneauiO H3 cnHTKa xpeMBHst p -Tuna, Bblpamennoro MeTonoM 'loxpanb-

cxoro, u aaxonuncu aa paccTouaau 7 eM OT aaqana cnuTKa. 06paaen npencTasnstn 
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cot>oll ruiaCTIIBXY ,TonDllll!Oll 5,8 MM II AHaMeTpOM 1,80 CM C YAOIIbllbiM COnpOTiiBJielllleM 

p • 259 OM.CM II BpeMeBOM >KH3Hil OCliOBIIbiX IIOCHTellell r •150 MxCeX. 

~ 0 
nn4M!Jy31l!l llllTil!! npOBOAIIli8Cb B STMOCojlepe aprOHS npll TeMnepaType T•268 C· B Te-. 

'lellll9 80 MllliYT• YcnOBII!! ,11pell$a HOIIOB liiiTil!! AilS! 9TOro o6pa31{8 6hlllll Cli9A:yiOliUie: :reM­

nepaT:rpa T = 136°C: 118np!!lK9BIIe otSpaTHoro CMG!Il9BII!! u •100 B, BpeM!! t = 36 '1. nony­

'1911Hble Tonmllahi OTAeiibiiLIX cnoeB AeTexTopa IIMeiOT cneA:yiO!Illle 3Ha'leHIISI (Bne Ae<jlexTa): 

TOJlllllll!S CXOMlleBC!lpOBSBBOll o()naCTH, Wi •1,104 MM; TonDIHHa D -o6naCTil W0 =124 MltM • 

Ol>aapylKeiUibill nocne 29 'I · npell$a Ae<jlexT P - n -nepexo,11a B o6pa3ne 9 yBenH'IIIn­

ca nocne 36 11. l1Pell$a. 

BIIA p - n -nepexoAa .Y Apyroro AeTexTopa ( ot>p~3en 5) TaxlKe AOBOIIbBO CTpSHBLill. 

, neojleXT 6blll o6napylKeB nocne 50 '1. npell<jla IIOHOB liiiTII!!. fpaBillla p - D -nepeXOAS 

6blna npo!!Bnena nocneAoBaTellbBO lKIInXHM anexTpo<jJTorpa<jJHqecxHM npoSIBHTeneM (pHc.2a) 

npll nanpSilKOBllll o6paTBOrO CM91Il9BH!I U •100 B II C llOMOIIlbiO 9ll9XTpOXHMII'IeCKOrO OTJio­

lKOHII!I M9llll 6e3 nPllltllSANBaBHn H8llp!llK9Bll!l (pHC. 26). 

(111) 
06pa3en 5 6Lin OTpe3aB TSXlKe nepnellllllKYll!lpHO IISliJla~nenHIO 113 liPYroro 

c~11Txa 11 naXOAHIIC!! na pacCTo!IBHII 3_CM oT naqana cnHTKa. YAenbnoe .conpOTHBJieBHe ·o6-

pa3na p • 422 OM,CM, BPO,Mll lKH3Bil OCBOBBbiX ·liOeHTeJiell r =470 Mlteex. nH<jJ<jly3H!! ll 

npell<jl IIOBOB JlliTll!l npOH3BOAllnHeb npH enenyiO!IlliX yCliOBIIIIX: TeMllepaT:rpa AH<!J<jly3Hll 

- 0 t ' 0 .T•800 c._ BpeM!! AR<jJ<jly3HOBBOro OTlKIIra '*30 MHB, TeMnepaT:rpa lq)ellcpa T•138 c, 
nanp!llKeBlle o6paTnoro CMemeHHSl U =97 B,_ Bpeu!!·npell<jla t =50 '1. CpenBRe TOll!IlHBLI 

OTAeiibBhiX enoen (nne ne<jleKTa) HMeiOT cnenyiOmHe 3Ba'lenna: 

W0 = 197 MltM ; WI '" 1,816 MM • 

Ot>aapyJKennLie Ae<jleltTbi p - n -nepexona B MonoxpHCTanne xpeMllllll p -TIIna pac-,-

npOCTpannroTC!! o6paTBO RanpaBJieBHIO Apell<jla IIOBOB JliiTll!! II AOCTHrSIOT TOllbltO 

naCTa. :3To xopomo Bllnno na p11c. 26. 

n -ot>-

B o6pa3ne 14 6Lin o6napylKeB BO BpeM!! l(pellcpa IIOBOB JliiTH!! Ae<jleXT B6liii3H TOpna 

ot>pa3na. Ha pae. 3 noxaaana MHxpo<jJOTorpa<jJHSI rpanHnbi p - n -nepexo,11a aToro ot>pa3na. 

¢1opMa . ,11e<jlexTa, O'IOBHABO, eoxpaBHll8Cb e 14 '1, no 44 '1. Apellcpa IIOBOB JliiTH!!, TOIIbltO 

rilyt>nna 3anerann!! p - n -nepexoAa ynenll'lllnaCb. YenoBB!! AR<jl<jly3Hil 11 npellcpa IIOBOB 

JlliTI!ll Allll oop83Il8 14 6hiJlll OAliBSXOBbi C yenOBli!!Mll All!! 0Dp83IlOB, Y XOTOpLIX Be o6napy7 

lK&HC? aHxaKax Ae<jlexToB p - n -nepexoAa. 

06eylKAenae pe3:yllbTaToB 

06LI'IHO C'lliT8eTCII, 'ITO JII06oil: Ae<jleXT p -' D -nepeXOAS AeTe)tT_opa AOlllKOH BHOCTII 

H3Menelllle B ero. aneKTpH'Ieexae xapaKTepHeTRXH. HaMil aToro ae na6nroAaiiOCb. Ha p11C.4 

•-

' ·!, 

I 

' ' 

'I 

• 
I .,I 

., 
f 

ABBa eMKOCTB85l xapaxTepliCTHKS o6p83Il8 5, BliAHO, 'ITO Hlllt8ltliX li3Mellellllil: B BRAe Kpli­

BOil: ne npoa3omno BO npeM!! npell<jla, neeMOTP!I na npHeyTeTime ne<jleKTa _ p - n -nape-

XOAS AeTeXTOpa ( CM. _pile. 2) • BRA_ KpliBOii BOllbT- a~mepnol! XapaKTepHeTHKll AeTeXTOpOB 
/ 

c Ae<jlexTaMH p - n -nepexona TolKe ne H3MenHneSI. B neKOTOpbiX xpeMHHe~hiX p .:.. i - n 

A9T9KTOpaX, OAHSKO, BO Bp9M!I npel!cpa HOHOB. llliTIISl na6JIIOll8lllleb Ae<jleKTbl B Bllne Tpema­

Hbl, B aT-OM cny'lae TO~ 'lepe3 o6pa3en epa3y ynenH'IHBanc!l, nacTynan npo6oll. I13Mene­

HHe, 3B8'19Hll!l TOKI1 BO BpeM!I Apel!<jla_ II:OBOB liiiTB!I '19p93 06pa3eU 4, y KOTOporo Ba_fimo-

,11anacb Tpemnna, n 'lepe3 o6pa3en .9, y KOToporo o6napylKen Ae<jlexT p - n - nepexoAa 

(eM. p11c. 1), noxa3ano aa pBc. 5. Tox 11epe3 o6pa3en 4 ynenB'IBJie!! aa nop!IAOK npB no­

RBnelllln TpemnBLI (MoM~HT A, a_a p11e. 5), a TOK 'lepe3 o6pa3en 9 He H3MElB!InCSI cyme .. 

-CTBeBHo (B MOMeHTe B na p11e. 5 o6napylKeH AeojlexT; B MOMeHTe B·- ne<jlexT yBenH~Hne!l 

u . cnenaHa <jloTorp_a<jJH!! (eM. pac~ 1 ) ) • BoiibT-aMnepHbie ~paKTeplleTRKH o6pa3na 4, eng.: 

TLie AO noSIBneBH!I Tpemanbi 11 nocne ee yAaneniiSI, noxa3aBbi Ha p11e. 6. ~eBIInHo, 'ITO 

CTpyKT:rpBLie BeeoaepmeBCTBS MOHOitpiiCTaJlna xpeMllllll B BRAe Tpe!Illllibl OK83LIB8IOT Bllllll-

. Bile Ba ero 9llOXTpii'I9CKII9 CBOliCTBa. Y Beax· AOTeKTOpOB C Ae<jleKTSMII p - D -nep_eXOAa. 

noAo6nLIX H3Melieallll He na6niOAanocb. 

HaMil 6Linll npoBeAeliLI sxcnepiiMeBTbi, nOOBOll!IIO!IlHe cpaBliB.Tb aneKTpll'leCXIIe caoll­

CTBa p- i - n-AeT9KTOpOB, y KOTOpb!X fiLillll o6Hapy~ellbi Ae<jleKTLI p -n -nepeXOAa BO­

apeM!! Apel!<jla HOHOB JlliTllll C 9Jl9XTJ'lll'leeKHMH eBOllCTBSMII AeTeKTOpOB, y KOTOpblX Be 

_: o6napylK9HO BIIK8KHX Ae<jleXTOB, Bee oopa3D:bl 6hlllll OTpe38Hbi 113 OABOrO II: TOrO lKe 

CJlHTKa II llOJiy'leBLI OllBOBp9M9BBO npll OAIIHSitOBbiXYCliOBH!IX nR<jl<jly31111 H•Apel!<jla IIOliOB 

JlHTH!I. !loBepXliOCTBast o6pa60TX8 Beex o6pa3IlOB npOBOAIIllaeb TOlKe OAIIBSKOBO. 

Ha p11c. 7 no:xa3aBbi BOllbT-a~Ynepnhie xapaxTepReTRKH 'leTbipe~. xpeMBHeBbiX p - I - n -

A9T9ltTOpOB BO Bp&Mst Apell<jla HOBOB JIBTIISI ('a' - noene All<jl<jly3RH; '6' - nocne 4 '1. 

Apell<jla; 'B' - nocne 20 11. np~ll<jla 11 •r• - no~ne 50 '1. npellcpa). B o6pa3nax 1 u 2 
. ' 

(KpliBbi9 e TO~It8Mll II TpeyrOJibllllKSMII) BIIKSKIIX )1e<jleXTOB BO BpeMSI Apell<jla HOliOB llBTIIH 

ne na6niOAanoCb. B o6pa3ne 14 (xpRBall c xpeeTnxaMB) .o6RapylKeH neojlexT p- n -nepe­

XOAa nocne 14 '1, npel!cpa; B 06pa3Iie 5 (XpHB85l C KpylKKSMll) o6napylKeH Ae<jl~KT p- D -· 

.nepexoAa nocne 50 '1. AJ?&llcpa. Xopomo BHAifo, 'ITO c caMoro aa'lana Apellcpa ROJ;IOB JIHTH!I B 

xpeMllllll , 3na'leliHe o6paTnoro Toxa B o6pa3Iiax · c ne<jlexTaMR p- n -nepexona 3Ha'ill-·. 

TOJibHO BLIWe, '19M B 06pa3!l8X, y ltOTOpbiX BQT Ae<jleXTOB. 

•, 

Tox 'lepe3 o6pa3an· 9, y xOToporo na6moAancst AeojlexT p - n -nepexona, TOlKe na 

nopSIAOX BLime, 'laM TOX qepe3 o6pa3en 4, y xOToporo TaKoro Ae<jleKTa ne na6JIIOJlaJIOCb 

(p11c. 8). 
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Bb!BO)lbl 

I. B nacTosnnei! pa60Te BnepBbie npnBeAeHbl peayllhTaTbi nccnenoaaaag ite<jleKTOB 

_ p - n -nepeXO)la B Kp9MHH9BblX p - i . - D -neTeKTopax,. B03HHKIDHX. BO BpeMR npei!<jla 

nonoa nnTHR, HaMepeHHSI nponaDOAHnHCb OAHoapeMeHHO MeTOAOM npoganeHHSI p - n - -n~pe­

xona cyXHMH H lKHAKRMB aneKTpo<jloTorpa<jJH'IeCKHMB npOS!BHTenSIMB npH npRKnaAblBaHHH 

aaupglKGJIHR o6paTHOro CMeiDeHR.II ( UOp.IIAKa' 'I00. Bom,T) H C UOMOIDbiO. aneKTpOXHMH'I9CKOro 

oTnoJKeHHR Mella 6ea npnxnaAbiBSHRSI aanpS!lKGHRSI, PeayllhTaTbl, nony'leHHbie aa ocaoae 

UpHMeH9HR.II STHX TpeX M9TOAOB, HAeHTR'IHbl, 

2. 06napylKeHHbie Ae<jleKTbi p - n -nepexoAa KpeMHHeBbiX p - i - n -neTeKTopoa 

UpHBOART K 6ollhiDHM 3Ha'I9HHRM 06paTHOro TOKa B 06pa3AaX.AO CpaBH9HHIO C TOKOM B 

o6paanax 6ea )le<jleKTOB, YcTanoaneno, 'ITO nnxaxag o6pa60Txa nosepxaoCTH o6paana ne 

yMeH&ma.e'r 3Ha'leHIISI o6paTHOrO TOKa· AO ero HOpMan&HOro 3Ha'leHRSI (2·-IO MKa npH 

IOO a), BepoRTHO, cnpaBeAnnsa n o6paTHaSI CHTYannR, 8TOT sonpoc smnReTC.II oco6enao 

: nepcneKTRBHblM C TO'IKH 3peHRSI ynyqmeHHR TeXHonorHH KpeMHH9BbiX p - i - n -A9T9KTOPOB~ 

3, BnHRHR9 Ae<jleKTOB p - D -nepeXOAa BO Bp9MSI Apei!<jla ROHOB nHTHSI Ha nponecC 

'¢opMnpoaaang 'IYBCTBHTel!haoi! K nanyq:eHHIO o6nacTn AeTeKTopa AOCTaTO'IHO cnoJKao, Boa­

MOJKHo, 'ITO, 06HapylKeHHble Ae<jleKTbl p - D -nepeXOAa 06SI3aHbl npHCyTCTBHIO H90JlHOpOAHo­

CTei! B pacnpeAeneHHH aKA9UTOPOB_ B MOHOKpHCTanne Kp9MHHSI, 8 STOM Cny'lae M9TOA BbiSIB-

neHHR Ae<jleKTOB P .- D -nepeXOJla BO Bp9MR Jlpei!<jla HOHOB nnTHR U03B011Hn 6bl H3Mep.BT& 

AOBOilhHO MSII9HbKHe H3M9H9HHSI B UnOTHOCTH aKA9UTOpHbiX UpHMeCei! B KpeMHRR, HM910WH9 

6on&moe 3Ha'leHH9 Jln.ll H3Y'I9HH.II M9XSHR3Ma Up01l9CCa BblpaDtHBaHHSI MOHOKpHCTannoB UO 

MeToAy qoxpallhCKoro. 

4, MeTOA BbiSIBneHRR Ae<jleKTOB p - n -nepeXOAa B KpeMBH9BbiX p ..:; - n -AeTeK-

TOpax BO Bp9MSI Jlpei!<jla HOHOB nHTRSI BUOnHe npHnOJKHM Jlll.ll HCCII9JlOBaHHR H90JlHOp0JlHOCTei! 

p - n -nepeXO)la ll Jlpyrnx nonynpOBOJlHHKOBblX MaTepHanOB, B 'laCTHOCTH, B repMaHHeBbiX 

·_ p - i - n -Jl9T9KTOpax, 

n H T e p a T y p a 

I; EoM.Pell, J. Appl. Phys., ~ no• 2, 291 ( 1960), 

2. N.A.Baily, J,W.lVIayer, R,J,Grainger, IRE Trans, NS--9, no. 1, 91 ( 1962 ). 

3, A.C. _.Asrroaoa; n.r .IOcxecenneBa, IIpenpRHT 011~111 2232, ny6Ha I986. 

4. A.C.AHTOHOB, n.r.IOcxecennesa. IIpenpRHT OH.HH P-2002, ny6aa 1985, 

6, A.C.AHTOHOB, B.II.OcaneHKO, n.r.IOcxecenneaa. )l(<l>X, !ill. M 9, 2252 (1985).-

Pyxonnc& noCTynnna B H3AaTen&cxni! oTJlen 
8 Jlexa6pSI I985 r. 
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Pnc. I. ne¢eKT p - n -nepexoJla B KpeMHReBOM 
p- i - D -Jl9T9KTOpe ( o6pa3eU 9), BbiSIB­
neHHbli! cyxnM ·noanTnBHbiM aneKTpo<jJOTo­
rpa<jln'lecxnM upO.IIBRTeneM, CTpenxoi! yxa­
aaao aanpasneane JlH¢¢yann n Jlpei!<jla 
HOHOB nRTHSI, .BpeMSI Jlpei!<jla - 38 'IS COB, 
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1 p-n- ne pe x:oo 

Puc~ 2 • .lle¢ti>KT p - n -nepexoaa B xpeMHHeBoM 
p- i- n- AeTeKTope (o6pa3en 5), Bblsm­
nenHhill >KHJtKHM sneKTpO¢DTorpa¢n'leCKHM 
npOSIBHTeneM (a) H sneKTpOXHMH'IeCitHM 
OTno>KenneM Mean ( 6). BpeMsr apell<jla - 50'1. 
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p-n-nepexo() 
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Li -
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p-n-nepe;x;oo 
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p-n- nepexoa 
' 

Puc. -3. H3MeneiiHe ae<jlex'ra P - n -nepexoaa B xpeMHHeaoM p - i - n -AeTexTope ( o6pa-
3en. 14) ao ·apeMs.apel!<jla uonoa nnTnsr. a) nocne 14 '1. apell<jla; 6) nocne 24 '1./. 
;:q)el!<jla; a) nocne 34 .'~• Apell<jla; r) nocne 44 '~• npell<jla. p - n -nepexoa BhiHBnen 
JKHAXHM snexTpo¢OTorpa<jln'lecxuM nposmnTeneM. CTpenxa cneaa noxa3biBaeT nanpaa­
nenue nu¢<Py3HH u npel!<jla uonoa nnTnsr • 
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