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B nocnensee apeMH wapoKoe pacnpOCTpa&eHKe nony~ana KpeMB&eaYe a repMaHReaye 
. /1-4/ . 

neTeKTOpY C P-1-D CTpyxTypoA . • 'L(yBCTBRTenbHOi! o6naCTbiO P-1-D neTeKTOpOB 

HBnseTCH BhlCOKOOMHhlA i -enol!, TOlllllRH8 W KOToporo onpenenseT PM napaMeTpoa 

neTeXTOpOB R HBn&eTCH ero Ba~HOA XapaKTep&CTRKOA. 

B saweA pa60Te/S/ coo6maeTCH o npaMesesaa cseToaoro aosna nns accneAOBaHHH 

CTpyKTypY nonynpOBOnHRKOBhlX neTeXTOpOBe no TOpAy neTeKTOpa MHKpOMeTpaqeCKRM BRH-

TOM nepenaaraeTCH caeToaoll aosn, nepeceKaiOwsA p-i-n nepexonw non npHMhlM yrnoM. 

XapaKTepaas aaBRCHMOCTb ljlOTo-s.n.c. OT nono~e&RH aosna noaaon&eT onpenenRTb Tonwa&hl 

OTnenbHbiX o6nacTeA CTpyKTyphl. npencTaBnHH ljlOTo-S,A.C. B norapaljlMH~eCKOM MSCWTS6e, 

Mbi onpenensna apeMe&a ~3HB snexTpoaoa a P -o6naCTR p-i-n KpeMHReBbiX neTeK-
/6/ 

TOpOB 

x) /7/ 
MeTOA 6erywero caeToaoro aoana anepawe 6bin acnon&aoaa& AnaMOM nns onpe-

neneaas Kosljlljlsnae&Ta naljlljlyaaa (ana nonaa~aocTH) H naljlljlyasoHHYX nna& (ana apeMeHH 

~H3HH) HeOCHOBHhlX ljlOTORH'beKTRpOBSHHbiX HOCRTeneft TOKS B roMoreHHOM repMSHHH C no-
/8/ 

MOWbiO MeTannaqecKoro aoana-KonneKTopa. B pa60Te CopoKaH paapa6oTan MeTon R3Me-

peaas CKOpOCTR noaepXHOCTHOil peKOM6HH8AHR B TOHKRX nonynpOBOAHHKOBbiX nnaCTRHKaX, 

npaMeHHH 6erywaA caeToaoli aoan a KonneKTop-aromcy, <hoT MeTon acnon&aoaana PbiBKHH 
/9/ 

H Maxanoa nns onpeueneHHH pacnpeueneHHH KoaneaTpanHH aeocaoeHbiX aoc&Tenell ToKa 

npH nea~e&HH o6naCTH HH'beKARH H HSnH~HH nons, 

Baee
1101 

H Baea a BanswKo
1111 

acnon&aoaana oerym&li ceeToeoll aoan uns H3Me-

peHHH BpeMeHH ~H3HH H K091jl<jlRUHeHT8 naljlljly3HR HeOCHOBHbiX HOCHTeneli TOKa B in Sb 

a onpeueneaas onaoponaocTa repMaHHeBbiX KpHcTannoa. 

B HSCTOHWeli paoOTe npennaraeTCH HCnOnb30BSHRe oerywero CBBTOBDrO 30HA8 AnH 

npOHBneHHH p-i-n KpBMHHeBbiX neTeKTOpOB0 HBnHIOWeeCH .tlanbHeiiWHM ycoaepweHCTBo

B8HHeM MeTona caeToaoro aoana, paapaooTaaaoro a ilawell paaaell pa6oTe
151

• 

x) 
HenpepbiBHoe nepeMemeaae aoana a aenpepbiBHoe CHHTHe ljlOTo-s.n.c. a OTn&qae OT 

C TyneaqaTOro H3MitlJeHHH R CHHTRH ,POTo-S.Jl,C, B OTuenbHbiX <jlHKCHpOBSHHbiX nono~eHHHX 
(•no TOqKaM•) /B,tf/, 

8 
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, 3KCnepHM9HTanbHaH ycTaHOBKa H M9TO~ B3M9p9HHH 

Ha pac. npe~CTaBn&Ha npHHQBnHanbHaH CXeMa 3KCnepBMeHTanbHOA ycTaHOBKH, 

c noMOIUbiO KOTopoA accne~oBanacb CTPYKTypa P - l- n KpeMHHeBbiX ~eT&KTOpOB, B sToA 

ycTaHOBKe o6pa3eQ-~9T9KTOp H9nO~BB~9H0 a CBeTOBOA 30H~ BCne~CTBB9 Bpa!U9HBH 39pKana 5 

nepaouBqeCKH nepe6eraeT no Topny ueTeKTOpa. B nenB nocnenaero B03RBKaeT nepeMeRRhiA 

<jloTocaraan, KOTOp&IA ycanaBaeTCSI a nonaeTCH aa ocnannorpacjl 8. Ha sKpaae ocnannorpacjla, 

pa6oTaiOIU9rO B pe~HM9 ~uymeA pa3B9pTKB0 Ha6niO~aeTCSI KpBBaH <jJOTo-s.~,c., OTpalKaiOIUaSI 

KOOpAHHaTHYIO 3aBHCBMOCTb 6erymero CB9TOBOrO 30HAa, 

YcTaHOBKa n03Bonsna caaMaTb KPBB&Ie uns cpoTo-s.n.c. na6o 'no ToqKaM' , na6o aa 

OCUHnnorpacpe npa OAHOM B TOM lK9 CB9TOBOM 30H~e, qTO ~ano B03MOlKHOCTb Henocpe~CTBeH-

Horo cpaBH9HBSI 9THX ~BYX M9TOAOB, 

n • OnacaTenbHaSI TeOpBH MeToua 

KaK H3BeCTHO H3 uaTapoBaHHbiX pa60T, ~nH cjloTo-sn.c. , nonyqaeMoA nepeMemeaaeM 

cBeToBoro 3oana 'no ToqKaM• no ~naae roMoreaaoro o6pa3ua, aa KOTOpOM aaxo~BTCH Brna

KonneKTop, nonyqaeTCH CBMM9TpHqHaH KpHBaH B BH~e KOnOKona C MaKCHMyMOM B MeCT9 KOn

neKTOpa, Tor~a no HaKnoay npSIMOA ~nSI norapa<jJMa cjloTo-s.~.c. H3 n106oA BeTBH KpHBOA 

MOlKHO onpe~enHTb ~B<jlcpy3HOHHYIO ~nBHy <jJOTOHH'beKTHpOBaHHblX HeOCHOBHbiX HOCHTeneA TOKa, 

Dpa npaMeHeaaa 6erymero CBeToBoro 30H~a B03HHKaeT aCHMMeTpHSI B aaKnoaax oT~enb

HbiX BeTBeA, TaK KaK K CKOpOCTH O~HHX HOCHTeneA npa6aBnHeTCH CKOpOCTb ~BHlKeHBSI CBeTOBQ-

ro 30H~a. a OT CKopocTH ~pyrax - B&IqaTaeTCH. B pe3ynbTaTe sToro BeTBb KpHBoA, cooTBeT

CTBYIOIUas BCTpeqHoMy ~BHlKeHHIO CBeTOBOro 30H~a H AH,PcpyH~HpyiO!Uero HOCHTenH, CTaHOBHTCH 

6onee KpyToA, a BeTBb 0 COOTBeTCTBYIOIUaH HX ~BHlK9HHIO B O~Hy CTOpoay - 6onee nonoroA, 

l13M9HeHHH B RaKUOH9 OT~enbHbiX B9TBeA MOlKHO nonyqHTb npH npBUOlKeHHH COOTB9TCTBYIOIU9-

ro nonB. 

Dpa CHHTHH KPHBbiX <jloTo-s.~.c. aa p- D nepexo~e 'no TOqKaM' HaKfiOH KpBBbiX B 

p- H D -o6naCTHX 6y~eT onpe~enHTbCH ua<J><J>y3HOHHbiMH ~nHHaMH HepaBHOBeCHbiX HOCHTeneA 
/12/ 

TOKa B coOTBeTCTBYIO!UHX o6nacTHX • KaK npaBano, ~a,P,Py3HOHH&Ie ~nHHbi B p - a n -o6-

nacTHX pa3Hble H npHMble, OTpalKaiOIUH9 norapH,PM ,POTQ-S,~.c., BMeiOT pa3Hbl9 HaKnOHbl, 

Kor~a KOHTaKTHoe none nepexo~a He pacnpocTpaaseTCSI rny6oKo B n - ana p -o5naCTH 

( "y3KHA nepexo~· )J ero anasaaeM aa ,PopMy KPHBbiX MOlKHO npeae5peq&, CaM nepexo~ SIBnHeT

CH KOnneKTOpOM ~ng UOCTyfiaiOUlHX K HeMy COOTBHTCTBYIOIUHX HeOCHOBHblX HOCHTeneA TOKa 

H BblllOfiHSI9T Ty pOnb, KOTOpyiO BblllOfiHH9T aronKa Ha rOMOreHHOM MaTepaane, 

4 

npB HCnOIIb30BaHHB 6erymero CB9TOBOro 308~8 It cymeCTBYIO!UeA B H8KnORaX KpBBbiX 

~nH cpOTo-S,~,C, aCRMM9TpHB npB68BnH9TCB aCHMM9TpBH, B03HBXaiO!UaSI BCn&~CTBBe ~BBlK9RBSI 

CaMOro 30~a. 3T8 8CBMM9TpBH 5y~eT yBen&qBBaTbCH C yBenBqeRB9M CKOpOCTHB ~BBlK9RBSI 

CB9TOBOrO 30RAa, 

Ha pRe. 2 npe~cTaaneabl TPB ocnannorpaMMbl ,PoTo-s.n.c., caHT&Ie aa o6biqaoM 
x) 

Kp9MRB9BOM nepexo~e , COOTB9TCTB9HHO npa Tpex CKOpOCTSIX Va< Vt VB 

P -a 

cl>opMa KpBBbiX ~nSI ,PoTo-s.~.c. , nonyqaeMaSI 'no TOqUM" Ha Kp9MIUI9BbiX 

/18/ 
~eTeKTopax, no~po5ao accneuoBaHa B aameA pa60Te • B OCHOBBOM oaa 3aBaCBT oT ~a.P... 

<J>y3KOHRbiX ~naR B n -, i -, p -o5naCTHX, OT mapaHbl W 

ana P -nneHOK BaA i -o5naCTbiO, 

i -o6nacTa a Hanaqag 

ill , 3KCnepaM911TallbHbl9 pe3ynbTaTbl a o6Cy>K~9HB9 

a -, 

Ha pac. 3 npe~cTaBneaa KPKBaSI ,PoTo-s.u.c. B 3aBacaMocTa OT no.noJKeHaSI CBeToBoro 

30HAa aa Topne ~eTeKTopa, CHSITaSI 'no 'I'OqKaM•, KaK onacaao B aameA pa6oTe151• 

Ha pac. 4 npe~cTaBneaa ocnBnnorpaMMa Toro lKe caMoro p-i -DKp9MHaeBoro ~9T9K-

TOpa, nonyqeaaas aa ocnannorpa,Pe npa acnonb30BaHBa 5erymero CBeTOBoro 30H~a c mapa-

aoA d ~ 100 MKM, TaK KaK a3BeCTHa mapaaa i -o6nacTa W -5,0 MM a ueaa MeTKa 

(1 M9TKa E 100 MKCeK), TO AnSI CKOpOCTa ~BalKeHaH CB9TOBOro 30H~a nonyqaeTCH 

V = 7 M ceK-1 

Ha pac. 5 npe~cTasneaa KpaBaH nns cj>oTo-S,J:I,C, p-i-n KpeMaaeaoro ~eTeKTOpa, CHH-

TaH 'no ToqKaM' nocne ero o6pa50TKa B 6axpoMaTe KanaK, npa KOTopoA o6pa3yeTCB p -
. /18/ . 

nne aKa aan I -o6naCTbiO • !13 ,POTorpacpaB, nonyqeaaoA c 5erymRM 30IIJlOM (pac. 6)1 Ba~-

ao, qTo B i -o5naCTB Ha6niO~aeTCSI nOCTOHHCTBO ,POTOOTB9Ta C BpeMeHeM, EbinO nOKa3aHO, 

qTo ,PoTo-s.~.C, He 3aBaCaT Ha OT CKOpOCTa ~Ba>KeHaH 30H~a, Ha OT ero HanpaBneHHH, 

Ha puc. 7 npe~cTaBneaa KpHBaSI cpoTo-s.J:I,C, ~ns ~pyroro p-i-n KpeMaaeBoro ~eTeK

Topa cpa3y nocne TpaBneaas B CP-4 a npoM&IBKa B neaoaa3apoBaaaoA Bone. !13 ,PopMbl 
/18/ 

KPHBoA BH~Ho , qTo B sToM cnyqae o6pa3yeTCSI n -nneaKa aa~ i -o6nacTbiO, 

Ha pac.. 8 noKa3aH&I qeT&Ipe ocuannorpaMMbi ,POTo-s.~.c. sToro ~eTeKTopa. !13 aax Ba~ao, 

qTo ,PopMa KpaBoA ,PoTo-s.n.c. 3aBacaT OT aanpaBneaas ~BalKeHaSI cBeTOBoro 30H~a. C!Copo-

CTa V t"V6 # VB ~ Vr nOSTOMy Ha cpOTOrpa<J>aa IUapaaa i-o6nacTa W COJ:Iep-

>KaT pa3aoe qacno MeToK (Ka~nas MeTKa no 10 MKCeK). KpaB&Ie a) a r), cHSIT&Ie npa 

3a3eMneHHOA n -o6nacTa, HBnHIOTCSI <J>aKTaqecKa 39pKanbHbiM R306palK9HaeM KpaBbiX a) 

a 6). Aaanoraqa&Ie KpRBble 5&IIla nonyqea&I aa Bcex accne~oBaHHbiX 15 KpeMaaeB&IX p-i-n 

A9T9KTOpaX, 3aaSI CKOpOCTb ~Ba~eHaH CBeTOBOrO 30H~a, no qacny M9TOK MelK~Y 

x) 
DepeXOA nonyqeH ua<ji<J>y3HeA naTHH B p -KpeMHaa, 

5 

n -i a 



i -p (jlo'ron•xaMB sa ocnannorpaMMe onpe.~tenBeTCSI mapasa i -o6nacTB. WBPRRY i -o~ 

naCTII MOlKSO onpe.~tenJITb R DpR R811311eCTROI CKOpOCTB .IIIIRJKeSBSI CBeTOIIOrO 30S.IIa, Llnll 

aTOll nenR .IIOCTaToqso CRSITb OCDRnnorpaMMY O.IIROro .lleTeKTOpa C B3BeCTHOA WBpBSOi! 

1 -o6naCTR (onpe.~tenesa .llpyrRM MeTO.IIOM), a DOTOM DpB TOil JKe CaMOII CKOp0CTB 0 CSIITb 

ocnsnnorpaMMy cjlOTQ-8,.11,C, BCCne.llyeMOrO .lleTeKTOpa, 113 CpaaseSRll .IIIIYX OCnRnnorpaMN 

(no MeTKaM BpeMeHII B i-·OC5naCTR) MOJKSO Cp83y onpe.~tenHTb SeR3B9CTSyiO WBPRRY i-oonaCTBo 

I13MepesBR MOJKso npoao.IIRT& R TOr.lla, xor.11a sa .~teTeKTope npanoJKeao oCSpaTsoe.aanpRJKe-
x) 

sue. B aTOM cny'lae aeaaBSCUMO OT cnoco6a nosepxaocTsoll o6pa6oTxu nony'laiOTCII oc-

nunnorpaMMbl .llnR cjlOTo-s • .ll.c., no.~toC5able npe.IICTaBnesaoll sa puc. 6, 

TO'ISOCTb R3MepeSSll WRpURbl i -o6naCTU Be RBJKe TO'IHOCTB0 KOTOpall nony'laeTCll 

nps B3MepeHRU cjloTo-S • .II,C, 'no TO'IKaM', 

3axniO'IeHae 

Pa3paC50TaSHblll MeTO.II onpeaeneaaR mapBHbl i -o6nacTa sa p-i-n xpeMHBeBbiX 

.lleTeXTOpax C nOMOWbiO 6erymero CBeTOBOrO 30S.IIa He OCTaBnReT HBXaKBX 3arpH3H9HRII 

Ha aeTeKTOpe; aaeT B03MO)KROCTb CY.IIRTb 0 HanB'IHB D - ana p -nneHOK Ha i -o6na-

CTR; .llaeT B03M0)KH0CTb Of!Hapy)KRBaTb 6apbepbl HH sneKTpO.IIaX (no B03HBXaiOWBM cjlOTo

n&XaM), Yxa3aHHblA M9TO.II nOMRMO nep9'1BCneSHblX o6meR3BeCTRblX .IIOCTOHHCTB onTH'I9CXHX 

M9TO.IIOB HM99T R .IIOnOnHUTenbRble: 

OH y.1106eH .11n11 npRMeReHH.II B MaCCOBOM DpOH3BO.IICTBe; H0 HaKORen, CaMOe rnaBHoe: 

ero npaKTR'I9Cill.ll 6e3BSepTROCTb0 BSOCRT DpBHHHDRanbHO ROBblll sneMeHT: OTKpblBH9T B03MO)K

HOCTb HCCneaoBaTb KRReTBKY o6pa30BaHIIR sa DOBepXHOCTB nneROK II KasanOB B 3aBHCHMOCTH 

OT pa3HblX o6pa60TOK H B03.11eiiCTBHSI Ha DOBepXHOCTb ra30B0 napOB0 BnHRRHll TeMnepaTypbl 

Ha HIIX H np, 

TonbKO 113 STHX nepe'I&CneHHblX B03M0)KHOCTell CTaHOBHTCII BR.IIHO, 'ITO HOBblil M9TO.II 

MO)KQT HaiiTH lliHpOKOe np&MeHeH&e .11n11 HCCneaoBaHHll KHHeTHKH DOB9pXHOCTHblX liBneHHil, 

HMeiOliiHX HHOr.lla pemaiO!llyiO pOnb npa KOHCTpy&pOBaHHH nonynpOBO.IIHHKOBblX npa60p0Bo 

ABTOp Bblpa)KaeT cepae'IHYIO 6naroaapHOCTb E.M. ronoBHHY H E.n. OcaneHKO 3a DB

Tepee x pa60Te, o6cy)K.119HHe a none3Hble coseTbl, 

x) 
l13MepeHHSI 6binH DpOBe.lleHbl npH o6paTHblX Hanp!!)KQHHSIX V > 10 B, 

6 
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