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Bseneaa E, 

KpeMHHeBble p - -. - neTeKTOpb/ 
1•21 

nony'iHJIH B nocneneaee BpeMa 6onbwoe 

npaMeHQHKe B IIJlepHOl! cpH3JIJ<e, 0!lHilKO HeCMOTpA Hll M HOrHe pai50Tbl ITO HCCJiellOBilHHIO 

napaweTpOB 3TBX geTeJ<TOpOB 1 MeX&HH3M HX tPOpMHpOBilHH!I, T,e, MeX&HB3M llpeA¢a JIHTHII 

B KpeMBHH p - THUll , ewe He B biHCKeH UOJIHOCTbiO , 8 3TOM OTHOWeHHH OC06hll! HHTepec 

npsJlCTilBJIHBT BOnpoc 0 pacnpeneneHHH KOHUeHTpllUHR llpl!Mec el! H 3JieXTpH'ieCKOrO UOJI!I B 

06JI&CTH gpel!.pa, 3 TOMY BOnpocy R llOCBS!I.UeHa RllCTOII!Uilll pa60T8 , 

J • QnpeABJIBHHe XORUeHTpayaa n pRMecel! B o6nacTH 8oel!ffia 

Kax aaeecTHO aa anexTpoxaMH'i&cKoro n poAsneHHA nepexonoe e KpeMHHeBbiX p-i - n

llBTSXTOpax/S/, p -n- nepeXOil H8XO!lHTC A Bll rp&HBUB MB>KilY i - B p - o6n&CT!IMB, 

Ecn11 np&J(JlllllbiB&eTCR HlllipR>Keaae U B 3&nRp1110UleM B&npllBJISHBR UO OTH OWSHHIO X 

p - D - nepeXOily, TO B HSM UOIIBJIIISTCII 06JIIlCTb npocTpllHCTBSHHOrO 31lp111lll, n pH npegno

x) 
JIO>KeHHH, 'ITO Mbl MO>KSM npeae6pe'lb CBOi50ilHbiMH HOCRTSJIAMR, ITJIOTHOCTb 3 Toro 31lp111lll 

6yneT pasaa p ~ · e ( N -N ) 
ll a 

, rna N ll H N a - xoaneaTpauaa noaopoe a axuen-

Topoa, a e - aap11n aneKTpoaa. 

Ha pac, noxaa&Ho npennonaraeMoe pacnpeneneaae xoaneaTpauaa npaMece l! 

N ( x) m N n -Na B JtpeMHHeeoM p -i -n -neTexTope. Ha a TOM pacyaxe X • 
JlliiOT Coi50l! rp&HHUbl Oi5JI&CTH npocTpllHCTBSHHOrO 38pllllll, a aepTHJ<IlJibHblMH WTpHXOBblMH na

HHliMH OTMS'ISHbl rp&RHUbl p -, i -a 0 -o6JI&CTel! llSTSKTOpll, 

/ 4 / 
naneaae B&npli>KSHHll ll p - n - nepexone Bblpa>K&e TcH ypasaeaaeM: 

4"e xn 
U + Uk = · [ , N(x)xdx .. 

rne Uk - KORTilKTHilS! llOTeRUHilJibHilS! p113HOCTb B p - 0 - nepexone, a 

'IBCKilH UpOHHUilSMOCTb ITOJiynpOBOilHHKil, 

(I) 

- llR3Jl9KTpH-

Ypasaeaae (I) &blseneao npa npennono>K eaaa, 'ITO nepexon B uenoM ael!Tpaneu , T,e, 

X • 
f N(x ) dx 

· . f N (x) • d x • 

Via ( J ) H ( 2 ) nyTeM llR#ep e RURpOBilHR!1 0 C'IHTil!l npR 3TOM 

nonyqaeTC!I Bblp&>Keuae: 

X • 

(2) 

H xn napaMeTpBMH, 

x) 
Cnyqal!, Korna npeue6per&JOT c s o6onHbiMR aocaTen!IMR e o6nacTR npocTpaHcTBeH-

aoro 311p!illll, Hll3blBileTC!I B JlHTepaType CJlY'IIl<!M UOJIHOCTbiO HCTOUleHHOrO p -n - nepexona. 
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dU • --'--IN( x ll ~l-d-- 1 4uelx-x l 
n x0 n p 

(3) 

T aR «aK B - 06!l8CTK llOHOpHbl8 H 8KU90TOpHbl9 npHM9CH B38HMHO KOMUSHCHpOIIa-

Hbr, M O)I{ H O npe.ano!lO)I{IfTb, 'ITO HblnO!lHSISTCSI cOOTHoweHHe IN ( x n ll << IN ( x P ) I npx 

mo6hrx 3H8 '19HHSIX x" H xP • Tor.aa H3 (2) cne.ayeT, 'ITO I x n I>> I x. I , 015o3HB'IHB, 

o ~ lx -x.INx , nonyqaeM BMecTo (3) cne.uyrowee ypru.HeHHe: 

IN (o) I I ~ I do 4rre o (3') 

J..1 3 B9C THO T8K)I{8 / B / q T o eMKOCTb aanepToro p - n -nepexo.aa npe.ucTiill!lSISTCSI Bbl-

pB>K 9 HH9M: 

c 's 
4rr I X n- xp\ 

rna S- nnowa.ub p -n - n epexo.ua. 

's 
4rrli 

(4) 

Vl3M9pHB 9MKOCTb .U9T9KT0p8 npH p83Hb1X o6pBTHbiX H8UpSI:>K9HHliX, H3 Bblpli:>KSHHSI (4) 

MO)I{HO OUp9.U9!lHTb 38BHCHMOCTb 0 ~ () ( U) , J..13 <>TOll 38JOHCHMOCTH nony'!89TCSI, nyT e M 

/6/ d u 
rpacpH'IecKoro .UHcpcpepeHuHpoaaHHR , npOH3s onHaR dF , HaKoHeu, c noMowbiO llblpa-

:>KeHHR ( 3') MO)I{HO HlillTH KOHU9HTp8UHIO npHMecell B o6naCTH npellcpa B !lro6oll TO'IK9 H8 

!l1060M paCCTOl!HHH 0 OT p - n -nepexona. 

II Onpe.ueneHHe pacnpe.geneHHSI <>!!SKTpH'IecKoro nonS! 11 o6nacTH .gpeAd>a 

Pacnpe.ueneHH9 :308KTpH'19CKOI'O flO!l SI MOMHO Hlil!TH H3 ypru.HeHHSI nyaccoHa: 

npH I'p8HH'IHbiX YC!lOBHll~ 

dE 

dx 

E x = xp 

4rre 
N (X) 

EX= XD 

(5) 

0 . 

(6) 

):l!lH :3TOJ! U B !lH HB.U O 38M9HHTb B Bblp8:>K8HHH (5) BBUH'IHHY N(x) :3KCU9pHM8HT 8UbHO 

HaA n eHHOII senH'IHHOII N( ll ) ( eM, (3') ). PeweHHe ypaaHSHBH (5) npa rpaHH'IHblX ycno

BHRX (6) M O)I{H O HpOH3119 C TH rpacpH'!SC KH /
6/ . 

111 3KcnepHM 9 HTB ilhHble pe3y!lhT8Tbl H cne,gcTBHH 

HaMH 6 br!lH Hccn e.uosaHbi Kpe MHH811br e p -i-n -neTeKTOpbl, nony'leHHble no o6br'IHOA 

TBXHO!lOI'l! H / 
1

/ , nocne OKOH 'I8 HHSI .u p e llcp a UHTHH neT8KTO pb1 X OpOWO TpBBH!lH C b B CM8CH 

ct30T HO A: H nnBB KKOB OA KHC Jl OT. 3 B BHC HMO C Tb 9 MKOC TH O T o 6p8TH Or o H811 pSDK9HKlil C HHM8J18C b 

p830H8HCHbl M npH60p OM .U!lSI H 3 M 8 p 9 Hl!SI B MK OC TJ! H HH.llyK THBHOCTH • n epe.u l!3Me-

4 

I 
J 

t 
l 

p9HH9M 9MKOCTH ll9T9KTOpbl B 

WHT9J19M, B 3BT9M K HHM npH 

1,5 qacoa, Bee <> TO HpeMll ll< 

onepauHH RB!lll!lHCb Heo6xo.aH• 

KoHUSHTpauHR npaMecell 

ne 3Toro, C U9Jlbl0 KOHTpOllH, 

1: 
MH'tf9CKOrO OTJ10)1(8HHH MeAH 

pHC, 3. Jlng 060HX o6p83 U OB 

llpHKJ1Bll.blB89MOM K .ll9T9KTOp~ 

.unSI o6pa3 ua N9 3 - 24 qac a. 

pOTHB!l9Hif8M - 1000 OM,C M, 

no OUHCBHHOMY B p83.ll< 

'19CKOI'O UO!lSI B 06!l8CTH .Upell 

Tpex npHK!l8.llbiB89MblX K neT 

J..13 KpHBblX H8 pHC, 4 M 

:3!l9KTpH'I9CK08 none H 8 I'pBHH 

KO p8CCTOSIHHR 0 OT nepexo 

o6weM cnyqae oH a 6y.ueT 3 aE 

nonyqaeM Tor..o.a, qTo aneKTp11 

>K8HH8M: 

r.oe Em RBUR8TCH cpyHKUHe 

1. 8 H8C TOSI W 8J! pa6 o T e 

HH e KOHU8HTp 8 UHH npHMecel! J 

.KB3 8HO, lfTO B p e 8JlbHbiX ycno 

p8CT9 T C yB B!lK'l8 HK 8 M p8CCTt 

HOBHTC SI 0 '18 Hb Kpy T Ol! 11pH np 

2. 8 pa6oTe onpe.uen>re-

noKB38 H O, t.tTO OHO OTJ1H1.!8€TC 

Tp1.P·I8CKOrO fiOJIH yM8HhW88TC 

VIa 3 Toro cne.n.yeT, Y:To s pe-

6onhwea, 'leM Tonu.tHHa n -c 

n - cnoeM TeM 5onh11Je, y:ev 



(3) 

8CH B38HMHO KOMllSHCBpOBB-

(x , )I« IN(x 
0

) I DpH 

I X n I »I X
0 

I . 0!503H8'1BB, 

(3') 

oexo.ua npe.uc Tasn!le TeR sw-

(4) 

lSI>KSHHSU, H3 Bblpli>KSHHSI (4) 

MOeTH ITOJlY'IBeTe!l, nyTeM 

HaxoHeu, c noMOWbiO Bbipa

.upellcpa B nroooll TO'II<9 H8 

a oonaeTH gpellffia 

p8BHe HH!I nyaceoHa: 

(5) 

(6) 

!Hy N (x) 3KenepuMeHT8nhHO 

• ( 5) npa rpaHH'IHbiX yeno-

pbi, nony'leHHbie no OObi'IHOll 

OpOlllO Tp8BHnHe b B e MeeR 

B T HOro Hlln p SDK eHK!il C HHM8Jl8Cb 

OCT R • nepe.U H3 Me-

I 
! 

peHHSM 9MKOCTH .ll9T9KTOpbl Bbl.llep>KHBBnHCb B T9 '19HR9 18 '18COB B npOCTp8 HCTBe C BbiCy

lllHTeneM, 8 38T9M K HHM I1pHKn8.llbiB8nOCb o6p8TH09 H8llpS!>KeHHe ~ 100 B B npo.u on>KeHHe 

1,5 qaco11. Bee <lTO apeMR .ueTeKTOphr Haxo.uanncb B nonHoA TeMHOTe. OnHcaHHbie Bbr we 

onepBUHB RBnRnHCb He06XO.llHMb!MH .UnB nony'leHRH n 08TOpHMOCTH B H3MepeHRRX e MKOC TH, 

KoHueHTplillHR npaMeceA onpe.uen11nacb no aano>KeHHOMy B paa.uene 1 c noco6y. noc -

ne 3TOrO, C uenhiO KOHTpOnR, npO!IBnRnHCh nepeXO.llbl .UeTeKTOpOB C nOMOlllbiO 3neKTpOxH

MH'I9CKOrO OTnO>K9HHSI Me.UH/
3 /, PeaynbTBTbl .Unll .llBYX 00p83UOB npHBe.ueHW HA pu c . 2 R 

pae. 3 • .[ln11 oooax o6paauoa .llpellcp nBTHR wen npn TeMnepaType 137° C H HanpST>KeHHH, 

npHKnB.llblB8eMOM K .ll9T9 KTOpy, 200 B. BpeM!I .llpeAcpa .unST oop83 U8 N96 6 brno 70 '! lleoB , a 

.unST o6pa3ua N9 3 - 24 qaea. Ylexo.uHwll MaTepaan Obrn p -KpeMHHll, eneuH cpR'!ee xHM eon

poTHBneHHeM - 1000 OM,CM, 

no onacaHHOMY B pa3.uene II enoeooy Obrno onpe.lleneHo paenpe,.'le ne HR e 3ne KTpH-

qecxoro nonH B oonacTH .upellcpa .unR oopaaua N9 6. P eaynbT8Tbl ITOK83 8Hbl Ha pRe . 4 .ll llll 

TpeX npHKnB.UblBBeMbiX K .lleTeKTOpy HanpR>K9HHJI, 

Yla KpHBblX H8 pRe. 4 Mbl Bbl'IHCnHnR aenR'IHHy lg [Em - E ( 8) I 

3n9KTpH'IeCKOe none HB rp8HHUe p - 0 -nepexo.ua, 3Ta BeTIII'IHHB . S!Bn!leTeSI cpy HKUH e t! TOnb-

KO paeeTO!IHH!I 8 OT nepeXO.ll8 (eM, pile, 5) . 0003 HB'IRM 3 Ty cj:JyHKUH IO OyKBOll B 

OOWSM enyqae OH B Oy.UeT 3 8BHeeTh H OT BpeMeHH ,Upe ll cj:J a • 3aMeHHB 8 H8 

nonyqaeM TOr.lla, 'ITO 3nexTp>rqec Koe none B oon ae TI! .upellcj:la MO>KHO npe .uc Ta BKTb Bbrpa-

E(x, t) = 

!IBn!leTeH cpyHKUH SJI np>rnO>KeHHOrO K ,UeTeKTOpy H811pS!>K9HH!I H BpeMe HH .U pe ll cpa . 

BbiBO.ll bl 

!. B Hac ToRwell paooTe anepabre n ony'!eHo 3Kc n e paMeHT8nhHbiM nyTe M pae npe.uene

HH e KOHUeHTpBUHH npHMeeeii B oonae TH .upe i!.cpa Kp eMHH9BbiX p - i - n -.ue Te KT OpOB . no-

K838HO, 'ITO B p ean bHblX y cnOBH !IX .u p e i!.cpa KOHUeHTpBilHSI n pHMece l! N ( 8) N - N 
.u 

pae TeT e ya enH'!e H>r e M p aeeTOSI HHSI OT p- n - nepexo.na . KpHB BH H apac T BHlHI eTa-

HOBHTCSI 0 '!9 Hb Kpy To ll llpH ll pH6nH>K9HH H K rpaHH Ue Me>K.Uy i - 11 n - o6nac TR MH . 

2. B pa6oTe onpe.uen ReTeR paenpe.ueneHHe 3neKTpHqeeKoro non11 B o6nacTH rtpPl!rJ,a. 

noK838H O, 'iTO OliO OTn H \l88 T CH OT f'OMOT'BHHOT'O pacnpeaeneHH SI H H 8 n psDK8HHOC T b )J18h-

TpYPtecKoro rronH yMeHhwaeTcst c yseJTKYBHHeM paccTo~HHSI OT p - n - nepexo..an. 

VIa 3Toro cne.ayeT, t.{TO B peanhHbiX ycnoanHx TonJuHua MepTaoro cnoS1 OK8.'3biB8eTrst 

6onbweA, '-lBM Tonu.tH Ha n -cnoH. PacxoX<.aeHHe Me>Kny peanbHhJM MepTBhiM cnOPM "~ 

n - cnoeM '!'eM 50TibUie, 4eM M8HbWe npiiK.'l8,abJ889MOe K .[l8 T 6KTOpy HanpHJt<e HHe . 

5 
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3. 8 pa6oTe nonyqeuo o6~ee Bblpa>Keuae .llJlH anexTpH'Iecxoro nonS! B o6nacTH .o.pelcjJa, 

ABTop Bbipa>KaeT cso10 cep.o.equy10 6naro.o.apuocTb pyxoao.o.HTeniO rpynnbi B .li.OcH

OBHKO 38 OK838HHOQ CO.O.BI CTBHB H HHTBpec, npOHBJlBHHbll K pa60TQ, 

n H T e p a T y p a 

1. E .M.Pell, J.Appl. Phys • . 2b 2 , 291 ( 1960), 

2 , J .H .Elliot. Nucl, lnstr, Methods, g 1, 60 ( 1961). 

3. A .C.AHTO HOB, B.n.ocuneuxo, n.r.JOc xecenueaa. llpenpHHT OH.HJ.1, P-1726, ny6aa, 

4, W,Shockley, Bell Syst, 'I'echn ,J ., ~ 435 ( 1949 ), 1964. 

5. n.C.6 epMaH, HenHHeluag nonynpoBO.llHHKOBBSI 9MKOCTb, <l>R3M8TrH3, MocKBa, 1963. 

6. A.Yopcaur, n.recjJcjJuep. MeTO.llbl o6pa60TKR axcnep&MBHT8JlbHblX .llBRHblX, Hn, Mocoa, 

1953. 

Nn 

PyxonHCb llOCTyllHJ18 B H3.llBT9J1bCKHI OT.ll9J1 
26 cjJeapang 1965 r. 

I I 
I I 
I 
1n 1 

I I 
I I 
I I 
I I 
I I 

Puc. I. llpe.ononaraeMoe pacnpe.oeneuHe x ouuea'l'panua npaMecel 
B KpBMHH9BOM p - i - n -.oeT9KTOpe, 

6 

f0-~0f{(cH -3) 

t2aO 

f50 

tao 

sa 

PHc . 2. nonylfel:: 
"B o6nac · 
ol5o3HB"ll 

M OW.hJO 



:xoro flOfill B OOfiBCTH .Q.pelcj:>a, 

BOLlHTeniO rpynn1>1 B.n.OcR _ 

lBOOTe, 

r 0115111. P-1726, .!J.y6 11a, 
1964. 

113MBTrH3, MOCKBB, 1963. 

anbHblx LlBHHblx, Yin, MocXBa , 

1953. 

IB B H3.Q.8T8fibCKHI OT.Q.en 

panR 1965 r. 

I 
I I 
I I 

f: nl 
I I 
I I 
I I 
I I 

+--+ 
I I 
I I 
I I 

I 
I 
I 

!H?panHH npHMecea 

150 

100 

so 

0,5 

I 
I( X)( 

~) 
f,f f,2 f,3 f,4 1,5 

-O{MM) 

PHC. 2. nony~QHHOe 3KCnepK,.,9HTBnhHO pacnpe.aeneHKQ KOHU8HTJ)8UHH DpHMeCeA 

B o6nacTH .apeA¢ a ,ang o6paaua ~6. BapTKxanbHOI nHaHeA cnpasa 
o6oaHaqeHa rpaaxu.a Me>t<,ay i - R n - o6nacTW, nonyqeaHas c no-

MO UJ.bJO sneiTp0Xll hUf"<19CKOrO OTnO)t(9HKR M9.0.M • 

7 



fo-!"lfrc,.,-1·

f f!iO 

100 

50 

Pac . 3. 

x-XM•r .,......-

0,5 f,f f,2 f,3 1,4 1,5 1,6 

~0(''1M) 

nonyqeHHOQ 8 KCnepKM9HT8n&HO pacnpe.aeneHBe XOHU9HTp8UHH npHMQ

c eA B oOnacTH .apel~a .anR o6paaua ~3. BepTIX&nbHBR npRMBA cnpa
a a KM99T TO >Ke 3HB'l9HHe, 'ITO H HB pac . 2. 

d 

1,7 1,8 

-2 ( 8) fO ·ELEM 15 

3 

3' 
/0 

2 -
~-------~-

5 

1--------j__' __ 

PHC , 4. Pacnpe~eneuae 3neKTI 
KpHBbi9 1,2 H 3 nony<~ 
T Opy 1 B e nH'iHHOA C OOTB 

HHR.MR 1 ', 2' B 3' o60!; 

p oe cyLUecTa oeano 6bl 
o6nacTH .apelcjla 6bJnH 



f,f (,2 f,3 f,4 1,5 1,6 1,7 1,8 

-8(t·1MJ 

?eaeneHHe KOHU&HTpBUHK npaMe
N23. BepTBKanbaasr npRMBR cnpa-

3 pe e. 2. 

15 

3 

/0 
J' ---------------------

2 

5 

t ' 

0,5 (1 1,2 1,3 f,4 (,5 1,6 

PHG . 4. PacnpeneneHHe anexTpH~ec xoro nong e oOnacTH ~peA~a nnR o6paaua ~a 
Kpaahle 1,2 a 3 nony'leHbi npe aanpst>KeHHRX, npHxna.D.bJBB&MbiX x .aeTeK
TOpy 

1 
BellH'iHHOA. COOT89TCTB9HHO B 3Q , 90 H 150 D . illTpH:XODbiMH mr 

HHH.MH 1 ' , 2' a 3' o6oaaaqeao pacnpe.ae'neaae snexTpaqecxoro nonR, xoTo
p oe CYW.9CTBOB8110 6bl DpH yKB.38HHblX H8.DpSDK9HHJIX 1 9CllH 6bl Op HM9CH B 

0611BCTH .D.peA¢8 6hillH DOllHOCT~ KOMD9HCHpoaBHbl. 
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