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BBeAaiiHe 

, repMa!IHB'Bbla 

3~9KTpH~aCKOM none 

·. /1 2 3/ 
-llll'l'BKTOpbl 1 1 

1 nony~aHHbla nyTaM JlPaltljla nHTHH B 

p - n -11epexona_,1Io~HnH 6ollbwoe npHMeaeHHe B y -cnei:Tpo-

cxomrH '6naroAapsr Bb!COKOMY pa3peweHHIO. no aaeprHH y -xBaHTOB H aecno)KHOA ~nnapa-

· Type. TeXllonorHsr nonY'laiiHS! repMaiiHaBbiX p D ·-lleTBKTOpOB npH6nH3HTallb~O Ta-

xasr )!{a; xu H TaX!lonorHsr xpeMIIHaBbiX p -
/4/ . 

D -llBTBKTOpOB O.!liiHM. H3 caMbiX 

Ba)KJibiX napaMaTpOB rapMaHHaBbiX P - - D -llaTaKTOpOB S!BnS!aTCS! WHpHHa CKOMnea-

CHpOBaH!IOlt nHTHBM o6naCTH llnH -o6naCTH~ Kax 113BaCTIIO 113 HCCnaAOBaiiHit KpaMIIHBBbiX 
/56/ . ' 

P - i - D -llaTaKTOpOB 1 
1 WHpHI!y i -o6naCTH MO)KJIO onpaA9nHTb1 eCnH 113 rny6HIIhl 

3aneraaHsr p - n -nepexona ,nocne npeAijla Bbl~aCTb rny6u.o:y 3aneraaHsr p - n -;nepe-

xona no aa~ana ApeAijla unu cpa3y nocne AH~~3KH nuTusr. Tax xax uexa!IH3M ~~~~~~3HH 

nHTHS! B repMaHHH U KpaMHIIH OllHHaKOB B K03~HnBaHTbl llB$~y3BH nHTHH ~ o6oHX·nony~ 
--- 171 

npOBOilHH)taX Sln113KII M9)!{JlY co6oit 1 TO MO)KHO 0)!{11AaTb1 ~TO TaKaS! CIITyanHSI 6yAeT 

HMaTb M9CTO II B repMaHHH. 

ABTOpbl HaCTosrmeit pa60Tbl npennaraiOT H3MapS!Tb WHpU.&y CKOMnaHCHpoaaHHOit o6nac-
'. 

TH B repMaHH9BbiX P - i . - D -AaTeKTOpaX nyTaM npoSI:BnaHHil p-n -nepeXOila C nOMOWbiO 

cyXHX H )i{H~KHX anexTpO$OTorpa$H~BCKHX npOSIBHTeneA. nng 3TOR nenH·Hcnon&30BaH MBTOil, 
· I /58/ · . 

pa3pa60TaHHblit HMH Ha KpaMIIHB 0 
• 3naKTpo<jiOTOrpa~H~9CKHA MBTOA.·np~HBnaHHS! P,- .D 

nepexona O~aHb, npOCTOit II 6biCTpbiA. 3TO Ka~aCTBO OC06aHHO • Ba)KHO Anll repMaHIIS!1 TaK -

KaK B !IBM nHTHA BblnallaaT,6biCTpO 113 paCTBOpa llpH KOMHaTHOA TaMnepaType H HaCTYnaeT 

pac$OpMHpOBaHH9 p-n -nepBXOAa. fioaTOMY BC~HB nponenypbl no H3MepeHHIO npu KOM-

HaTHOA TaMnapaType napaMeTpOB . repMaHHBBbiX p - i - D -ABTBKTOpOB llOn)!{Hbl 6b!Tb Ko-

POTKHMH. 

/2/ 
B .pa60Te WDpHHa CKOMneHCUpOBaHHOA o6naCTD repMaHDaBbiX p - t.·- D ,;.llBTBK-

TOpOB onpenenHBTCII no ~OpMYna, BbiBBilBHHOII fienno~/4/ 
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rAe D ,- KQS~HllUCHT AU~3UU nBTDH0 u 
oopaTHOe HallpBlKeuue, t - BpeMH ApeA~, k -----, 

e -aapUA snexTpoua, · TeMnepaTypa n 

npnnomeuuoe x AeTexTopy ao'apeMu ApeA~ 

xoucTaHTa Eom.nMaua, T - a6coniOTuau 

B 
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wupnHy i -o6naCTn d .onpeABllHIOT ewe B U3 B3MepeHUll BMKOCTU AeTCKTo-

pa, C'IBTall ero DllOCKUM KOHABHCBTOpOM C CMJtOCTbiO! 

, I 

C=~ 
4ud 

(2) 

rAe S - noaepxuocT& P - n · -nepexoJXa, - JlBSlleKTpU'IBCKaH npOHBllBeMOCTb nonynpo-

BOAHBKB, HccneAoaauull xpeMHUeBbiX p - D -JleT.CXTOpOB llOKB3biBBIOT0 'ITO BhlpalKeHBll 

(1) H (2) CllllWKOM DpHOllH3HTenbHhl, 3TO TBM oonee OTHOCHTCSI X repMBHUeBbiM p -i\- D 

A~TeKTOpaM1 B KOTOpbiX CBOOOAHhle BOCUTBllB (He Y'IHThiBBIOIUUeCll npn Bb!BOAB ( 1) H (2)) 

OKa3hlBBIOT oonee cymeCTBeHHOe BllBHBBe HB MeXaHB3M Apell~, ., 

3neKTpOcj>OTOrpa~B'teCKUA MeTOA BCerAB AaeT peanbHyiO WUpUHy CKOMneHCUpOBBHHOII 

OonaCTB, nosTOMY OH MOmeT Ob!Tb O'leHb Iioneaeu Allll npaKTU'IeCKOrO KOHTpOllH Apel!cj>a, a 

TaKlKe ]lllll HCClle]lOBaHUH MBXBHB3Ma Jlpel!~ B repMaHBeBhiX p - i D - llBTeKTOpax, 

llpeABapnTen&Hble aKcnepuMeHTbl 

Eb!n ncnonb30BaH repMauueabiA llBTeKTop, nony'teHHbiA no· Texuonorun, yxaaaunoA B 
191 

HcXOilHbll! repMaHUeBblll MOHOKpHCTann 

.nMen 'cnenu¢n'lecttoe conpoTuaneuue ·p 

P -Tuna npoai>llBMOCTU (nerupoaanub!A renueM) 

7 OM,CM, · DllOTHOCTb ]lUCllOKanuA N • 3000, CM -
2 

--· u apeMH lKU!!'!-.~~.:>Bublx •;ocuTe?.!~_;. •.• ::~~Q-.~~"~x:. __ rcnoauH Apei!:ljla ohlnn Taxoabt: ua-
-..... .. ~--...- 0 

npulKeHUe u' a 17 B, TeMnepaTypa T m 53 C, BpeMll ]lpei!:ljla t "'36 '1. .llpei!:ljl ~pOBO]lUll-

Cg a xnopo¢opMe, nocne oxou'taunu Jlpellljla Topneaall noaepxuocT& JleTexTopa wnuljloaanac& 

CO BCBX CTOpOH U ]leTeKTOp npHHBll 4lopMy DpllMoyrom.HOi!: nnaCTHHKU C pa3Mepa~U 
. - /10/ 

4,9 x5,7 MM H TOlliUHHOA 3,3 MM, Ha AeTeKTOp HaHOCHllHCb MellHble sneKTpOAbl ]lllll OMB-

'tecxoro KOHTBKTa, TopneaaB noaepXHOCTb Tpaaunacb B CMecu: HF:HN03: CH 3COOH 

• 1 : 2 : 1 X), B TaKOM BBAe DpOBBllHllCH P - D -nepeXO]l AeTeKTOpa C nOMOIUbiO sneKTpo

cj>OTOrpacj>B'ICCKHX npOBBBTeneli, 

x) 
Bee onUCBHHbiB BbiWe onepallHB BBllSIIOTCSl HBOOXOAHMbiMH llllll ]lanwellwei!: 

-paoOTbl LIBTeKTOp~, 
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Onncauue snettTpocj>OTorpapu'tecxoro MeToLta 

A. llpouaneuue cyxuMu snexTpo¢oTorpa¢uqecxuMu ~pOHBBTenuMu 

YcTpoi!:cTBO ]lnu npouaneHBu snettTpo¢OTorpa¢uqecxnMu npouauTenBMH O'leHb npocToe, 

0HO DOKa3aHO Ha puc, 1: ']leT.eKTOp 1 3BlKHMBeTCH B onpaae 2 MelKLty llBYMB sneKTPOila-

MH 3, XOTOpbte CBH3b!Ba!OTCB C HCTO'IBHKOM DOCTOSlHHOro HaDpHlKBHUSl 4, 3neKTPo¢OTOrpa

cj>H'IeCKHA DpO,!!BI'ItGnL 5 CTBBUTCSl B KIOBeTe .6, llponecc, DpOBBlleHHSl p - D -nepeXOAB 

ocyJ!leCTBI:HeTcB TaKHM o6pa3oM: K AeTeKTopy npuxna]lbiBBeTCB B aanupaiOtueM uanpaane

HHH HBOOllbWOe BBDpHlKBHBe = 40 B0 8 CBM AeTeKTOp DpUBOilBTCH B COHpHKOCHOBeHHe ,c 

aneKTpo¢oTorpa¢u'tecKHM npoBBBTeneM nyTe~ nerxoro. Mexauuqecxoro uaTupaunu B uanpaa

neuuu, yKaaaunoM ua puc, 1. 

. /11/ 
Ka!t U3BeCTHO 1 cyxue sneKTpOij!OTOrpalj!U'IeCKHe DpOSlBHTenu COJleplKaT ABe KOMDQ-

HBBTbl! npOSIBllSl!OIUYIO 'laCTb - MenKo AUCneprupOBBHHy!O U OKpameHHYIO CMOny B HOCBTenb 

OObi'IHO Maneu&Kue cTexnBHHble wapuKu, MeTannuanpoaauuble caepxy. Enaronapu Tpuoo

anexipuqecKOMY sljlcj>eKTY.'IBCTUllhl CMonbl U 'IBCTUllhl HOCUTenB sneKTpU3yiOTCB HpOTUBOHo

llOlKHhiM 3BPBilOM, B no3HTUBBOM cyxoM sneKTPOrpa¢u'leCKOM npOSlBUTene ne-t 'taCTBllbl ----·---------. -. -------~-----····f·~-
CMOllbl uecyT nonomuTem.ubiA aapUA, u ·acnu npousneuae p - n -nepexo!la ocymecTang-

eTcH TaKUM DpOBBUTe.neM1 OHU OTKllBilhiBBIOTCSI Ha oonaCTH OTpBllBTBllbHOrO npOCTPBHCTBeH-

HOrO aapliHa, T,e, na p -oonacTu p - n -nepexo!la (puc, 2). Bee& nponecc npoBBne-

uusz 3BHUMaeT BCero DUWb HeCKOnLKO CeKyHJl, llocne DpOBBlleHBSI uanpHlKeHUe . BblltlliO'I8eT

CB B rnyouua p - D -nepeXOilB B3MepueTCB MUKpOCKODOM, llOTOM OCTBBWBACSI HpOSIBHTenb 
, I 

nerKO CTUpaeTCll BBTOA C DOBepXHOCTH ]leTeKTOpa B STOT DOCllellHUi!: npuro]leH llllB ABllb-

HeliWBX UCCRe]lOBSUHA 093 AODOllHBTenbHOII OopadOTKB noaepXHOCTU, 

'Auanoru'IHbiM. oopaaoM npoBBnueTcu p - n -nepexoA cyXHM ueraTHBHhlM sneKTpo

cj>OTorpa¢ilqecxuM npoBBBTeneM ECT-3. B aTOM cny'lae oTpunaTem.uo aapulKeHHbte 'IBCTU-
c:. -

Dbl CMOllbl (npOBBnSl!OIUBii 'IBCTU) OTKll81lbiBBIOTCB H8 OOllaCTU DOllQOKUTellbUOrO tipocTpaHCTBeH-

uoro·aapUAa, T,e, ua n -oonacTu p -n -nepexo]la ( CM, puc, 3). 

E. llpoBBneuue lKHilKUM snexTpo¢oTorpa¢uqeCKHM npouauTeneM 

Hponecc npouaneuuu p - n -nepexo!la lKHilKUM sneKTPO¢OTorpaljluqecxuM npostBUTe-

neM OCyiUeCTBnSlBTCSl C HOMOIUb!O TOrO lKe ycTpOIICTBB, nOKB3BHHOrO HB puc, }, Jlnll ynyq-

WeHBB KBpTHHhl DpOSlBlleHBSI DOBepXBOCTb neTeKTOpa, COAepJKatuaSl p -· n -nepexon, wnB<pyeT-

CH TIUllTBllbBO KapoopyHJlOBbiM MUKpODOpOWKOM; JleTeKTOp 3alKHMaeTCSI B onpaae U K HeMY 

DpUKn81lb!BaeTCSI HanpUJKenue (10-20 B) B oopaTHOM Hanpaaneuuu, Kanen&Ka CUllbHO pas-_... _______ ... ;--,,.._.,.,......_ 

pszmeunoro mBAKoro snexTpo¢oTorpa¢u'tecxoro npoBBHTensz {100 Mr THnorpa¢cxoll xpacxu, 

;;~;;~;~;;;;~
0 

~.i-n 6~~;~~~) aauo~u~c~-~~n~;~ofi -~; np~~~~~~;;;· ~;;a~;;~~~;~::·ri'on~;;~--
;;;;~~- ;;;;;;H~~~"·~O~~~~IlHble '18CTUilbl Kp8CKU OTKllBAbiBaiOTCSI H8 p -oonaCTH p - D -

5 



nepeXO.!la, T,e, Ha o6naC.Tll OTpliilaTellbHOI'O npocTI)aHCTB9HHOI'.O 3apSl,!la (p~C, 4), nocne 

BhtChtxanust 6eH3Hna uanpiDKenne BhiXIDO'IaeTCH n rny6nna . p- n -nepeXO.!la H3MepsteTCH 

M~KpOCXOBOM, nponeCC npOHB~eHHH mH,!lltliM SlleXTpO~OTOI'pa~ll'leCXJIM npOSIBJITelteM JlllliTCR . 

IIJlll6ltli3JITellbHO O.!lBi MJIHYTY• oCTaBm~il:CH BOClte STOI'O BpOSIBHTeltb CTllpaeTCH BaToll:, . ~......., 

CMO'IeHHOil: 'IJICTbiM 6eH3liHOM llltll CBllpTOM, 

06cym,!leHlle pe3YllbTaTOB ll BhiBO.!lhl 

• .J_ 

OcuoanhiM .!lOCTOHHCTBOM snexTpo~OTorpa~ll'lecxoro MeTO.!la nposteneuaa p - n -nape-
~ ' 

xo.!la a repManDeBhiX. p - i · - n -.!leTeKTopax · HB.l!HeTCH ero npOCTOTa D 6biCTpoTa. Me-

TO.!l cyXOI'O npoHBlt9HDH He Tpe6yeT HHKaKOil: o6pa60TXli.TOpileBOil: BOBepXH~CTB Jl9TeKTOpa; 

. T~K KaK ae B.3MensteT e~O slteKTpli'19CKim- _CBOil:CTBaX), ,llnst ~OHBlteHJIS! p -
1 

n -n~peXO.!la 
mH,!lltliM ;neKT~O~OTOI'pa~ll'leCXHM·npOHBliT~neM'Tpe6yeTCS! mnH~OBKa npOHBl!HeMOil: nosepx

HOCTJI_, .3TOT ne.!lOCTaTOK, o,!lna:Ko, xoMiiencnpyeTCn. 6o.rll,mei! · 'IYBCTBHTellhHOCTbtO H · TO'IHo

CTbtO mB.!lKoro ~tioco6a. 

MeTO.!l cyxoro . sneKTpo~oTorpa~H'Iecxor·o npoHBneuua p - n -nepexo.!la cpaeuuaan

ca Ha O.!lHOM H TOM me repMaHHOBOM neTeKTOpe C MeTO.!lOM sneKTPOXHMH'IeCKOI'O OTnome-
' /12/ . . . 

HIIH Me.!lH , nony'leHHhle .!lBYMH CyXHMH npOHBHTeliSIMH H aneKTpOXHMH'IeCKHM 0Tlt02Ke-

HHeM Me.!lH cpe.!lHHe 3Ha'leHHSI · rny6HHbl p ·- n -nepexo.!la npaBe.!leHbt a Ta6nane. 1. 

Omu6xa a onpe.!leneauu rpaHHilhl p .- n · -nepexo.!la npll cyxoM npoHBneHHH Taxaa me, 

Kalt H DpH sneKTpOXHMH'IeCKO_M OTli02KeHHH Me.!lH B paella DpH6liH3HTellbHO 20 MKM, npa mB.!l

KOM npOHBneHHH TO'IHOCTb B BbiHBlleHHH rpaHHilbl .nepeXOAa o6ycnaBlll!BaeTCS! DpaKTH'IeCKH 

TOllbltO .TO'IHOCTbiO IDltli~BKH DOBepXHOCTD, 0ma6xa B npOBe,!leHHbiX aBTOpaMH sKCDepHMeH-

•, Tax cocTaenstna Mellbme 10 MKM, 

J13Mepelllle mHpHHbl 'IYBCTBHTellbHOi! o6naCTH B I'epMaHH9BbiX . p - i - n -JleTeKTo

pa~ C BOMOWb!O sneKTpO~OTOI'pa~Hll M02KeT 6h1Tb HCDOllb30BaHO C ycneXOM ,!lliH npaKTH'Ie-

. CKOI'O ltOHTpOltS! nponecca Jlpei!~ HOHOB l!HTH.II1 a Talt2Ke Jllt.II H3yqeHH.II M9XSHH3Ma ,!lpeil:~a, 

'ABTOPhl BblpamatOT 6naroAapnocTb E.n. OcunenKo sa oxasaaaoe co.!leilcTaaa. 

x) . . /5/ . 
,, 3TOT . B9npoc 6hl1l. HCClt9,!lOB8H Ha KpeMHH9BbiX P - I - n -JleTeKTOpaX 1 KOTQ-

pbl!' liM910T •CBOi!CTB8 1 O'lellb 6llli'3Klle K CBOi!CTBBM I'epMBHHeBhiX p -· i - n -AeTeKTOpOB, 
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T a ·6 n H n a 

Cpaaaeane MeTO.!la cyxoro npoRaneHD.II p ·- n -nepeXO.!l8 C MeTO.!lOM SlleltTpo-

Cpe.!lHH.II rny6ana 
p - n -nepaxo.!la 

W 
1 
(M·M) 

XJIMH'IeCKOI'O 0Tlt02KeHJIH M9Jlll 

CyxnM n03HTHBHhiM 
sneKTPO~OTOI'pa~H
'19CKHM npOHBHTeneM 

nc-1 

1,204 

CyxaM neraTHBHhtM 
aneKTporpa~n'leCKHM 

npoHBnTeneM ECT-3 

1,240 

naTepaTypa 

3nexTpo
XHMH'IeCKHM · · 
OTli02KeHHeM 

Me.!lH 

1,280 
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Pnc, 1, CxeMa ycTpol!CTBa An>I npp>IBneHH>I p - n -nepexoAa 
B repM8HIJ9BbiX p - i - D -AeT9KTOp8X C UOMOmbJO 
sneKTpO¢OTorpa¢aqeCKHX nPO>IBHTenel!: 1 - A9T9KTOp; 
2 "'-. onpaBaj 3 - sneKTpOAI>t;. 4 - HCTOqHI!K UOCTO>IH
HOI':O HAnp>I~eHHH; 5 - cyxol! sneKTpo¢oTorpa¢aqecxal! 

npOHBIJTen&; 6 - KIOB9T8, • 

8 

• 

.. 

,.·- ·;· .... 

i· :;._~ 
I . I 

0,5MM 
1-----1 

' 

PHc. 2. KapTHHa Apel!¢oeor:o p - n -nepexoAa 
B repM8HIIeBOM p - · i - D -AeTeKTOpe, 
nonyqeHHSH cyxuM n~~ sneK
Tporpa¢HqeCKIIM np~>IBIITeneM ~
'iaCTIIIlbl npOHBIITeng OTKn8AbiB810TC>I 
Ha p ..;o6nacTH p·.;. n -m3pexona, Ha
npHJKeime o6paTHoro. CMemeHHH 35 B. 

71.. p 
~ ' .. ~ 

I 
I . I 

1'---7 W------1 
, I· 

'. 

015MM 
1-----1 

· Puc, 3, KapTHHa Apel!~'OB~ p- n -nepe.xo):la 
B repM8HHeBOMp - 1 -n. .,.AeTeKTOpe, nony
qeHH8>1 CYXHM H9I':8TIIli!l.~!'f. sneKTpo¢OTo
rpa¢1IqecKIIM npoHBHTeneM ECT-3. 'iac-
-' . ..--.. 

TUilbl npO>IBIITeng OTKnB):IbiBBIOTC>I H8 D.-
o6nacTH p.- n -nepexoAa. HanpgJKeHHe 
o6p8THOI':O CMemeHH>I - 35 B. . 
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Pac. 4. KapTBHa apel!ljloBoro p -n- nepexoaa 
B repMSHH~BOM p • I ;.. n -AeTeXTope, 
DQny~eHHSB mB)lKBM aneXTpolj!OTOI'palj!H
~eCXBM DpOBBHTeneM. qSCTBDhl XpaCXH 
OTIWS):IhlBSIOTCS! Ba P -o6naCTB nep
XOAa. 06paTBOe CMemeHBe - 10 Bo 
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