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TpaeneHHe KpeMHHH e HBCTOHlllee epeMH HBnHeTcH OllHOll H3 OCHOBHhiX Texao-

flOrH'IeCKHX onep8UHll npH H3rOTOBneHHH KpeMHHeBb!X lleTeKTOpOB f!llepHbiX H3nyqe

HHH. B cBH3H c aTHM eo3HHKna aeo6XOilHMOCTh H3y'leHHH rrpouecca aaoaaoro pacT-

nopeHHfl KpeMHHH H HCITOflb30B8HHfl aneKTpOXHMH'IeCKOrO TpaeneHHfl. 

PeaKUHH aneKTPOXHMH'IecKoro pacTeooeHHH KPeMHHH H3V'Ianacb PHilOM ae-

/2-4, 11/ 
Topoe • Ebino ycTaaoeneno, 'ITO pacTBopeHHe KpeMHHH H repMaHHH nponcxo-

a HT c yqacTHeM llb!pOK. Dpn aToM anH KpeMHHH * n * THrra o6aapylKHeaeTcH cy 

mecTeoeaane npeaenbHOrO TOKB H8CbillleHHfl llblpOK, ITOTpe6nHeMb!X ITpH aneKTpOXH

MH'IeCKO~ peaKUHH. 

TaK KBK KHHeTHKa rrpouecca aaoaaoro pacTeopeHHH KpeMHHH 38BHCHT oT 

llH~~y3HH , reHepaUHH H apel\~8 llb!pOK K noeepxHOCTH rronyrrpOBOilHHK8, TO cneayeT 

OlKHil8Tb, 'ITO eenH'IHH8 yaenbHOrO COITpOTHBneHHH KpeMHHfl 6ylleT OK83biB8Tb BflHfl-

HHe Ha npoTeKaHHe BHOilHoro npouecca. 

ilnH H3y'leHHH BflHf!HHfl yaenbHOrO COITpOTHBfleHHfl H8 8HOilHOe p8CTBOpeHH6 

6blflH CHf!Tbl ITOflHpH38UHOHHJ>Ie KpHBbie H8 KpeMHHH llb!pO'IHOrO THIT8 ITpOBOilHMOCTH 

c yaenhHhiM co npoTHBneHHeM p l = 600 n CM 

HHH aneKTpOHHOrO THIT8 npOBOilHMOCTH C pI 

p 
1 

= 600 Q CM 1 p 
4 

= 2000 fl. CM. 

150 fl CM , 

Q CM H H8 KpeM

p 
2 

= 200 Q CM, 

npouecc 8 HOilHOrO p8CTBOpeHHfl KpeMHHH OCflOlKHf!eTCfl H81111 'I HeM H8 ero ITO

eepXHOCTH TOflCTO~ OKHCHOll rrneHKH. no 3TOMy H3y'leHHe 3TOrO rrpouecca nyqrne 

BCero npOBOilHTC5! B BOilHb!X p8CTBOp8X H F , B KOTOpbiX llBHHBH rrneHKa xopo-

JJJO pacTBopnMa. Bee OITbiTbi rrpoeoaHnHcb B 2,5 N nnaBHKoeoti KHCnoTbi rrpH 20°C a 

TeM!IOTe. ToJilllHHa o6pa3UOB noa6Hpanacb TaK, 'ITO OMH'IecKoe rraaenHe HanpH-

>KeHH5! 6b!fl0 MHHHM8flbHb!M, 8 OllHOBpeMeHHO YCITOBHe 
w 

aceraa Bhi-
L 

p 
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ll0l1HSIJ10Cb ( 3JleCb (J) -p8CCT051HHe OT rpaHHUbl KpeMHHSI C aneKTpOnHTOM JlO OMH

~eCKOI'O KOHT8KT8 C MeTannoM). 

noTeHUH8l1 H3MepsinC51 npOTHB H8Cbi::UeHHOI'C K8l10MenhHOI'O nony aneMeHT8 C 

nocne)lyJOIUHM nepec~eTOM H8 BOJlOpOJlHYIO UlKBny. nepeA K8li<JlblM Ollb!TOM llOBepx

HOCTb 9l1eKTp0Jl8 o6pa68Tb1B8l18Cb B CMeCH 830THOfi, lll18BHKOBOH H yKCYCHOH KHC-

l10T ( I : 2 : I ) H Jlanee B KOHUeHTpH pO B8HHO H flll8BHKOBOR KHCl10Te. 

3KcrrepHMeHT8l1bHb!e Jl8HHble H HX o6cy)!{JleHHe 

Ha puc. I npeJlcTaBneHbi nonnpH3BUHOHHbre KpHBbre B nonynorapH<f!MH'Ie

cKHX KOOpJlHH8T8X Jll151 BbiCOKOOMHOrO KpeMHHH • n • -THfl8 llpH H3MepeBHH llOTeH

UH8l18 ~epe3 I MHH nocne yCT8HOBKH COOTBeTCTBYJOIUeif lll10THOCTH TOKB, nnH 060HX 

THllOB KpeMHHH H8~Bl1bHbie Y'IBCTKH HMeJOT l1HHeHHbiR X8JJ8KTep. npH orrpeuenefiHbiX 

npeJleJJbllbiX 3H8'!eHH51X lll10THOCTeH TOK8 flOTeHUH8l1 9J1eKTpOHHOI'O KpeMH H51 B03p8C

TaeT, B To apeMH KBK noTenuuan KpeMHHH Jlbipoquoro THna Mano H3MeHHeTcS!. Bee 

• /8/ H 
9TH 38BHCHMOCTH l!MeJOT TOT )!{e C8MblH Bl!Jl, ~TO y r epM8HH51 , 0 npouecc BHOJl-

HOI'O p8CTBopeHH51 KpeMHl!SI • n cyrueCTBeHHO OTl1H'!8eTC51 OT 8H8l!Orl!'IHOrO 

npouecca pacTaopeunn r epMaHHH. B 9neKTpOHHOM KpeMHHH, KBK 6binO BbiHCHeno 

/4,2/ 
B pa60T8X , 3H8'IHTel1b HYIO p0l1b HrpaeT peKOM6l!H8UH51 ROCHTenef:i B I1pHKOH-

T8KTHOll o6nacTH. B repMaHHH JlblpKH, ueo6xoJlHMbie JlnH pacTnopeHHH, ITOJlBOUHTCH 

K KOHT8KTY H3 06'beMa Cl!J18MH 9J1eKTpH'!eCKOI'O l10l1SI H JlHQJ¢>y3HOHHh!M MeX8HH3-

MOM. 

npa paCTBOpeHHH KpeMHH51 9TH llBB MeXaHH3M8 T8K)!{e l!MeJOT MeCTO, OllHB

KO COBepmeHHO ueo6XOllHMO y~HTbiB8Tb pO)!{lleHHe HOCHTeneR B ae6aeBCKOM cnoe, 
/3/ 

B pa6oTe MHMnHHa npuaeaeHbJ pac~eTbJ BOl1bT-aMnepfwA xapaKTepHCTHKH 

auoauoro P&CTBopeHHH aneKTpouuoro KpeMHHH, TaM BbiCKa3aHo npearrono)!{eHHe, 

'iTO llOBepxHOCTb y KOHT8KT8 o6orameua llblpK8Ml!, npH TOK8X, 6ltli3Kl!X K npeaenb

HbiM, pacrrpeAeneuae llbrpoK annJOcTpHpyeTcH pHc, 2. 3a npe11enaMH ue6aeacKoi't o6 -

nacTH ( x > L 1 ) none cna6oe. KouuenTpauHH llbipoK aaecb MeHbllle paauoaecuon 

p < p O ) , T8K K8K llblpKH YHOC51TC51 qepe3 llOBepXHOCTh p83llena 9neKTpOXl!MH

'!eCKOll peaKuHei'I, B pe)!{l!Me npeuenbHoro ToKa ua rpauHue ae6aeBcKoi't H KBaauaen-

TpanbHOA o6nacTei'I (oT L I llO L P ) KOHueHTpauaH llbipoK naaaeT npaKTH~ecKH 

ao uynsr. 
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MHMnHH npennonaraeT, qTo nng sneKTpoaaoro KpeMHHH B STo~ o6nacTH cymecT

aeaao po)!(JleHHe n brpoK. 

B aToi% o6enaeaao l\ o6nacTH n _ << 1, "+ « 1 

HMeeM cnenyromHe ypaaaeHIH!: 

3necb 

dz 
dt 

.....<!£_ 
dt 

dy 

dt 

-py 

A 1 (z p- b ) , 

z- p -1. 

y = __ e _ _iL_ ' K = ~ ' 
KTK dt 0 
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nng ornicaHl!R n p oueccoa 

(l) 

n 
z = 

ND 

. 

D+= D u . =-- u . t = K X + e e 

H u U + - ITOaBH >KHOCTH s neKTpOHOB H ablpOK, n - H n + - KOHUeHTpa-

UH >1 Cil060a HblX aneKTpOHOB H a b!pOK; COOTBeTCT Be HHO: N 0 - KOHueHTfJBUiill no-

HOpHblX y pO BHei!, H j _,_ - nnOTHOCTH aneKTpHqec KHX TOKOB :3neKTpOHOB 

H n brpoK , L P- nu<jl<jJyanoHHaH nnHHa aeocHOBHbiX HOCHTenei%, n 

UHH aneKTpOHOB B C06CTBeHHOM nonynpOBOaHHKe, a K = y' 4rr e 2 n 

'k T 1 
- UUHH8 3 8pR>Ke HHOi! ue6aeBCKOA o6naCTH. 

K 

, rne 

B o6nacTn, HenocpencTBeHHO rrpHMbiKaJOmeil K KBa"'HaeATpanbHofi, y paaHeHHR 

( } ) MoryT 6b1Tb paapeweHbl H TBKHM o6pa30M, KBK 3TO cnenano B pa6oTe MSIM

/3/ 
BHHA 
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3necb npennonaraeTCH, 'iTO Jlb!pO'iHb!l! TOK H8 KOHTEl.KTe C!HI38H C aneKTpoHHb!M 
,\+(0) 

COOTHOWeHHeM 

A I 

rne 

n 1 

a 
,\ _ ( 0) m 

eN o 1 

(n + n
1

)rp
0 

+(n++p 1 )rn
0 

u k T K 2 

n E - E __ ,_._1 
kT 

exp 
ND 

p 
n __ 1_ 
N exp 

D 

E 1 - E 1 

kT 

H r 
pO H T 

nO - BpeMH lKH3HH JlltH npenenbHbiX HH3KOOMHb!X o6pa3UOB. 3aBR-

CHMOCTb (2) KS'ieCTBeHHO COrnacyeTCH C aKcnepHMeHTOM. nel!CTBHT91tbHO, npH Ma-

ltbiX A nepBbil! qnea B ( 2) aecymecTaeaeH H aa6monaeTcH norapH!jJMU'iecKaH aa-

BHCHMOCTb TOK8 OT HBllpHlKeHHHo ITpH 6 onbWHX lKe TOKSX napa6onH'ieCK8H 38BH

CHMOCTb TOK8 OT HallpHlKeHHH CTSHOBHTCH onpenenHromel! (pRe. 1). 

C llOMOmbJO !jlopMynbi ( 2) MOlKHO Hal!TH 38BHCHMOCTb TOK8 OT COllpOTliBlte

HHH KpeMHHH B napa6onH'ieCKOl! o6naCTH. nel!CTBHTenbHO, llpll 60ltbWIIX TOKSX ( 2") 
2 ,\ 2 

HMeeT aan 1/J = ( __!_) . Ecna npennonolKHM, 'iTO naneaae noTeB-
r +m 2 b2A2 

UHana npOHCXOJlHT B OCHOBHOM Ha
1

o6naCTH o6oeMHOrO 38pHJl8, TO B COOTBeTCTBIIH C 

06bi'iHb!MH npennonOlKeHHHMH, npHMeHHeMbiMH B !jJH3RKe KpeMHHeBbiX Bb!llpHMHTenel! 

nony'iHM: 
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n
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a TaK KaK y Bb!COOMHOI"'O KpeMHIIII C I "' C 2 
II U ~ U :._ t TO 

j' K YPI -- z 
j " K ...;-;-: 

(3) 

3Kcnep11Mei!TallbHbie KpiiBbie Ha pile, 3 yTBeplK.QaiOT npaBIIllbHOCTb Bb!BO.Q8 ( 3) C 

B b!BO):lbl 

1. 3Kcnep11M8HTanbHbie peaynhTaTbi no.QTBep>K.UaiOT cnenaHHoe npennonolKealle, 

4TO B nonynpOBO.QHHK8X C WllpOKOA aanpeweHHOH 30HOH npeo6nanaeT reHepaUIIII ,Qbl

pOK B o6naCTII 06beMHOI"'O 38pi!08 BbiCOKOOMHOI"'O KpeMHHSI, 

2, nonSipH3aUHOHHbie Kpl! Bbie naiOT B03MOlKHOCTb onpenenHTb Heii3BeCTHOe 

COllpOTIIBneHHe o6paaua Bb!COKOOMHOI"'O KpeMHHII, 
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P H c . 3 . BnHHane y.oenbHoro conpo THaneHHSI Kpe MHHH aa noTeanHa n ero 
aHOll HOrO paCTBOpElHHR, 1- p I • 150 {) CM, 

2- p 
2 

= 200 {l. CM, 3 - p > = 600 fl CM, 

4- p < = 2000 {) CM , 


