®I3MKA I XIMISI TBEPZIOTO TUIA
T. 6, Ne 4 (2005) C. 566-569

VJIK 535.37

PHYSICS AND CHEMISTRY OF SOLID STATE
V. 6, Ne 4 (2005) P. 566-569

ISSN 1729-4428

P.M. ITactrepnax

ExcnepuMeHTaIbHE TOCTIIKeHHS TA (Pi3UYHUN aHAJII3 MepexiaHuX
cTpyMmiB y MmoHOoKpucTtaJi Pbl,

Jlyyvxuil depoicagnuii mexuiunui ynieepcumem, 43018 eyn. Jlvsiscoxa, 75, Jlyyvx, YVipaina,
men. (03322) 6-34-20, E-mail: fizik@fiz.Istu.lutsk.ua

JlociipkeHo mporiec BCTaHOBJIEHHSI CTPyMy B MOHOKpucrani Pbl, mpu monanHi Ha HbOro cTprOKa HampyrH.
Tlokazano, 1m0 XapakTep IEpexiAHHX HPOLECIB 3aICKUTh Bill NPHKIAAECHO! HANpPyTH. 3IiMCHEHO aHaii3 (i3MYHUX
YMHHHMKIB, I110 BIUIMBAIOTh HA Ii mpolecu. Bka3aHo Ha 0cOOIMBOCTI BUKOPUCTAHHS METOIY MEPEXiTHUX CTPYMIB Ta

Mexi HOro 3acTOCYBaHHSI.
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Beryn
Po3pobxka JIETEKTOPIB 10HI3YI0UOTO
BUIIPOMIHIOBaHHS  BHCYHYJa Ha  NEpIIMH  IUIaH

JOCJIKCHHS. eeKTPO(I3SMYHUX BJIACTUBOCTEH HOBHUX
Mmarepianis, y tomy umciai Hgl, ta Pbl,. Jlirepatyphi
po3Biak# [ 1,2] moka3yrTh, o nepexiaHi nporecu B Pbl,
€ tpuBamimmmu, HDK y Hgl,, a 1me BrumBae sk Ha
OIBUAKOMI0, TaK 1 Ha 3pOCTaHHA BTPaT CEHeprii B
JEeTEeKTOpax. 3 METOI0 IIOKpAIEHHS BIIACTUBOCTEH
MIPUIAAiB TPAKTUYHO BaKIMBO BHUSBUTH NPHYMHU LUX
BTpaT.

BcraHoBneHHsT CTpymMy B 3pa3Ky, OCOOJHMBO
BHUCOKOOMHOMY, NPH CTpUOKY HAaImpyrH Ha HBOMY, €
TpuBaiuM npouecoM. Dopma YacoBoi 3aJeKHOCTI
CTPYMY IMKTYETbCS XapakTepoM (i3WYHHUX SIBHII, LIO0
BiIOyBalOTbCsi B 00’€Mi, Ha IOBEPXHI Ta KOHTaKTax
3paska. Teopis [1] mokaszye, m0 BOHa OOMEKYETHCS
MOKa3HUKOBUMH (EKCIIOHEHTaMH 3 pI3HUMH 4YacaMmu
penmakcariii) Ta creneHeBUMH (QyHKIisIMHA. SIKIIO KOXKEH
i3 TpomeciB TPOXOOUTH HE3aNe)KHO BiJ IHIIHX, TO
pe3yIBTYIOUHMA CTpyM Oyne ix cymoro. AmpoKchMarlis
TaKUMHU (PYyHKLISIMH peasibHO 3HSATOI YacOBOI 3aJI€KHOCTI
CTPyMy II03BOJISI€ BUIUIMTH Ta IHTEPIPETYBATH KOXKEH 13
(bI3MYHMX MPOILIECIB OKPEMO.

SIKnIo mepexigHUK MPOIEC BHU3HAYAETHCS OJHHUM
¢i3uuHNM (aKTOPOM YU OCTaHHIN € JOMIHYIOYUM, TO
npu  o0poOIi  pe3ysibTaTiB  €KCHEPUMEHTY  4acTo
Kopuctyotecst [3,4,2] rpadiunuM MeTonoMm: OynyloTh
rpagik y GYHKIOIOHaJIbHMX MIKajdax (K MpaBuHiIo,
HamiBiorapumiunux). [lpu HakmamaHHI KOHKYPYIOUHX
(I3MYHUX TIPOLIECiB 3aCTOCOBYBaTH TpadidHHANl METox
MIPaKTHYHO HEMOXJIMBO 1 JOBOAWTHCS 3BEPTATUCH [0
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IHIIMX HiAXOIIB.

Hdns  oOpoOKkM  pe3ynbTaTiB  EKCIEPUMEHTY MU
BUKOPHCTOBYBaJIN MareMaTHYHe MO/ICTIFOBaHHS.
ATmpokcuMaris mepexiTHIX MPOLeCciB eKCIOHSHIIHHIMHA
(YHKIISIMA ~ TO3BOJISIE  OIHUTH TJIHOWHY 3aJIATaHHS
OKpEeMHUX €HEpPreTHYHUX piBHIB y 3a0OpOHEHiH 30HI,
KOHIICHTpAIif0 ae(eKTIB, MOTEHI[al eICKTPOJITHIHOI
guconiaiii Ta TOBIUMHY IOJBIHHOTO  3apsKEHOrO
IOHHOTO IIIapy B TBEPIOMY EJIEKTPOJITI MPH SICKTPOITIi3i,
PO3PI3HATH [TOBEPXHEBI Ta 00’ €MHI CTPYMH TOLLIO.

I. Teopernyna yacruna

ExcnoHeHIIMHNN XapakTep MEpeXiHOTO IPOLECy
BHU3HAYAETHCS BOMA (DaKTOpaMH: PENIaKCaIli€l0 CTPyMy
Ha RC-j1aHKax Ta 3aXOIUIEHHSM 1 3BUJILHEHHAM HOCIIB Ha
nactkax. s RC-nanku wac penakcanii 7, € 1o6yTkom

emuocti C' xonzmencaropa Ha omip R pesucropa:
T, =RC. (1
Yac penakcarii, SKHH JUKTYETbCS IpollecamMu
3aXOIUICHHS Ta 3BUIBHEHHS HOCIIB 13 pIBHIB, IO
3HAXOMATHCS Ha BIICTaH1 AVVT BIJ 30HH IO3BOJIEHHUX

EHeprifl, BHU3HAYAETHCSA YIOCKOHAICHOK [UIA BEIHKHX
AW, dopmyinoro [1] Hlokni-Pina-Xomna:

T = exp[ﬂ]. 2)
" wogn, kT
Tyr g — craructuyHa Bara piBHA, U = \/m -
TEIUIoBa IIBAOKICTH HOCIIB 3apagy,n, —ix

KOHIICHTpald, O'S — NONEpCUYHUMN TIEPEP13 PO3CIHOBAHHA



ExcniepumeHTanbHe 10CiikeHHs Ta (Gi3UYHUN aHai3. . .

LEHTpA, k— crama  Boapmmana, T — aGcomrorHa
TeMIIepaTypa.
Bnacmigox THXKEKIIT HOCIIB BiZIOyBa€eTHCS

MEePepo3IOoIiT X TYCTHHHU B 00’ eMi 3paska. Ilpu cTtpubky
HATpYyTH Bix U1 bi (o) Uz, BiMIOBITHO 10 APYTOTO 3aKOHY

®ika, crpym I(t) 3MIHIOETBCS 3 YACOM HACTYIHHM

YUHOM [2]

L
I(t) = ﬁ[lecm (Uz) - Iecm (Ul)} + Iecm (Ul) > (3)
ne L — nosxwuHa 3paska, D— koediuient audy3ii HOCIiB
sapsany, I, (U1> , L (Uz) — BCTaHOBJIEHI 3HAUYEHHs

crpymy npu Hanpyrax U, Tta U, Bianosimso.

II. MeToauka eKCriepuUMeHTy

3pa3ku HeJNeroBaHOTO TUHOAMIY CBUHIIIO, BUPOIICHI
3a moaudikoBanuM MetogoM bpimkxmena-Croxbaprepa,
rotyBauch y Qopmi mapanenenineaa  po3mipom
3x3x3 MM (mo Omm3pke mo cranmapty ASTM F28-91).
Ha mnpotunmexni TpaHi mapaneneminena HaHOCHINCH
iHmudepeHTHI TpadiTOBI KOHTAKTH 3 IUIATHHOBHMH
BiJIBOJIAMH TaK, 00 CTPYM uepe3 KpUCTajl MOKHA OYJio
MPOITyCKaTH B3JIOBX OCi C .

Kpucran  posmimyBaBcss B TepMmMocTari, Je
miaTpumyBanack Temneparypa (20+0,1) °C.  3pazox
3HaXOAMBCS B E€KPaHYIOUOMY BiJ CBITJIa Ta CTaTHYHUX
SIeKTPUYHUX TMONIB Kopmyci. [IpumHOMmOBa cxema
YCTaHOBKH HaBejIeHa Ha pHC. 1.

.B_J""-“) G '{I'HI'H)]\'
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= T 1

Puc. 1. Cxema BUMipIOBaJIbHOI YCTAHOBKH.

BumiproBanHus Ta oundpyBaHHs HanpyTu
MPOBOJINIIUCH €JIEKTPOMETPOM-MIKPOBOJIBTMETPOM
B7-29, mo mix’emHyBaBcs IO YCTAaHOBKH TPUAPOTOBHM
¢dizepom, omip i30T SKOTO CTaHOBHB HE MEHILE
10 TQ. TIlocninoBHMH nOJaTHUHA 3BOPOTHHH 3B’S30K
3a0e3nedyBaB OaraTokpaTHe 30iUIbIICHHS €(QEeKTHBHOTO
omopy i30Jsmii Ta 3MEHIICHHS BXiTHOI €MHOCTI
BUMIpIOBaNIbHOI cxeMu a0 | n®. BumiproBaiapHUI OITip
nopisHIOBaB R, = 1,24 'Q+1%. 3a Takux ymMoB mocTiiiHa
yacy BXOXIy BOJIFTMETpa CKJajana MIiTICeKyHIy, IO
3HAYHO MEHIIE IOCTIMHOI Yacy mMiJCHUIIoBa4a HU3BKOI
yacToTH npuiany B7-29, sika Bucrasnisiack piBHoIo 3 c.

Bumipu mnpoBogunuch Ha 3paskax, o Oynu
HoTIepeTHHO 3aKOPOUEHI Ta 3a3eMJICHI ITPOTATOM J100M 10
MOYaTKy ekcrepuMmeHnty. KoxkHa cepis pe3ynbTaTiB
MICTHJIa JUCKPETHI TMOCTIMOBHI BHUMIpPH, TPOBEICHI
npoTsirom 3,5 roauH depes3 15 ¢ koxkeH. [lani 3aHOCHIHCH
B KOMIT IOTEp AJIs1 OOpOOKH.

I11. O6podka Ta a”aJi3 pe3yJbTaTiB
BHUMipIOBaHb

Byno BCTaHOBJIEHO, 110 EKCHEPHUMEHTAIbHI KpPHUBI
JUIs KOXKHOI Hamnpyrn MOJKHA 3aJIOBIIBHO OIHCATH
CYMOI0:

I, =1, + ;Im exp(— t/Ti). 4)

IIpu anpoxcumariii TOCHiZHUX HaHUX BUpazoM (4)
JianasoH 4aciB T, penakcailii 0OMe)yBaBCs 3arajlbHUM

9acoM BHMIPIOBaHHS Ta KPOKOM JUCKpPETH3AIii 1 JIekKaB y
mexax Bix 03xB mo  2,5ronm. Bracmigox
IIBHJIKOTUTMHHOCTI IIPOCTOPOBOTO TIEPEPO3MOAITY HOCI{B,
cepell pe3ysbTaTiB BUMIPIOBaHb HE BHSBICHO IMPOIIECIB,
siKi O onmUCcyBanuch BUpazoMm (3).

Po3pobneni  Hamu ~ anroputM  Ta  IporpaMa
onTuUMi3alii  JO3BOJIJIM  BCTAHOBHTH IO  IIICTh
xoediuientiB I~ Ta mo n’aTh 4acis penakcauii T, s
KOKHOI KpuBoi. ToukM ampokcuMariifHoi KpHUBOI
30IMIACh 3 JOCHIIHHMH [JaHAMH B MeEXax MTOXUOKH
BHMIiPIOBaHHSI.

Byno mpoBemeHO cepifo EKCIEPHUMEHTIB 3apsiaKh-
PO3PSLIKK KPUCTAY VISl JIOTapU(PMIYHOTO psijty HArpyr
Bix 0,1 B nmo 70B. Pesymbratm BuMIpIOBaHb Ta
anmpOKCUMAlill BHABWIM HAsSBHICTh HACTYHNHHX YaciB
penakcariii: 1, = 155 xB, 1,= 30 xB, 73= 6,5 xB, T4= 2 XB,
175=0,4 xB. JIoCHiDKeHHS TIOKa3ajiW, IO 4YacHh T

MPAaKTHYHO HE 3aJeKaTh BiJ] NMPUKIANCHOI Hampyrd. B
Tabi. | HaBeseHO OKpemi 3HayeHHsA Koediuientis I
anpokcumanii Juis pisHux Hanpyr U.

Skmo  koeimienTH Im s I3U s I4U Ta I5U
MOHOTOHHO 3pocTaiTh 3 HanpyroroU, to I~ Ta I
XapakTepU3YHOThCS Pi3KMMH 371aMaMu TIpu Harpyrax U, ,

U2 Ta U3.

Taoauna 1

UB [05[1 ]2 ]4]8]12]15[20](30
Ioy, mA [ 2,6 [11,2] 1520120 | 19|12 | 14 | 15

Liy,mA (3,6 7 | 18 | 34| 55|85 |107|120(130
Ly,mA{ 0[O0 0] 0] 0]|30]|37|35|35
Ly, nA[{09(1,5]2,5]| 8 | 1527355580
Ly, nA[{03(1,8] 3 | 6 | 15]30]|40|60 |65
Ly, mA[1,5(1,6(5,1] 13|28 |35]|45|60 (70

Ha pwuc.2 mokasaHo IiHTEpHOJNBOBAHY JIHIHHUMHA
crutaifHamu  TpadiuHy — 3aNeKHICTh A  JIBOX
xoedinientiB. Cxnagosa [~ crauionapna i Bianosinae

BCTaHOBJICHOMY CTPyMy, WIO MpPOTIKae 4epe3 3pa3ok,
TOOTO BiATBOPIOE HOTO BOJIETAMIIEPHY XapaKTEPHCTHUKY
(BAX). CknamHa 3alleXHICTh Iou Bin U IuKTyeThCS

OararpMa unHHUKamu. [lo-miepiie, npyu Maux Hampyrax,
SIK BKa3aHo B [1], ax 70
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Puc. 2. 3anexuicts koediuientis anpokcumauii [~ Ta

L, Bix Hanpyru Ha 3pasky

Jlng mHamoro Bumaaky, 3a AaHUMH [4], Hampyra
U,=0,035B. Tlpn Buwiii  Hanpysi  MNOBHUHEH

CIOCTepiraTuch KBaJpaTu4Huii 3akoH Motra-I'epHi.
OnHak, BHACTIIOK IHTEHCHMBHOI'O 3allOBHEHHS MAacTOK, B
00’eMi KpUCTATy HArPOMAJDKYETHCS 3apsil, SKHIA CKPaHy€e
30BHIIIHE €JEKTPUYHE II0JIe, M0 1 MiATBEPIKYETHCA
eKCIIePUMEHTaNbHO @k A0 Hanpyru U, (a1 nHammx
spaskis U =4 B).

Hinsuka BAX Bix U go U

NEPEMIKHOMY CTaHy, BUKIMKAHOMY IPHEICKTPOIHOIO
noJsipu3alliero Ha Mexi posaity  ¢a3z  PblL,/C  ta
CJNIEKTPONITHYHOIO aucomiamiero Pbl, y BumamkoBux
TOYKAX KPUCTAIY.

IMosiBa mpu wHanpy3i U

L, exp (— t/'rz)

poskmamoM  Pbl, Ta  yTBOpeHHsM  MoOJBiifHOTrO
3apsDKEHOrO MIapy TOJATHO 3aps/PKCHUX 10HIB CBUHIIIO
Pb*" Ta Bin’emHO 3apsmKenux iomiB itoxy I'. OGuncena
3a 3HAUYEHHSMH alPOKMCMalifHUX Koe(ilieHTiB Harpyra
Ha TaKkoMy Inapi

) BIIITOBITAE

, TEPEXIZHOro CTpymy

TOSICHIOETHCS eJIeKTPOXIMIYHIM

I
U =27 (6)

mJ] = 5
2 Ly
i=0

3anexuTh Bin U, gk HaBegeHo B Ta0im. 2. Taki 3MiHH
U, BUKJIMKaHI THM, 1[0 CaM Iap 3aiiMae neBHuit 00’ eM

31 CBOIM pE3WCTUBHUM OMOPOM, a, 3HAYUTh, |1
JOATKOBHM CIIAJIOM HalpyrW Ha HHOMY IPH NPOTiKaHHI
ctpymy. TouHimie 3Ha4eHHS NOTEHIIATYy IHCOIiamii

Umﬂ MOXHa BU3HAYUTH, CKCTPAIIOJIOOYU 3HAYCHHSA

Hanpyrn U, 710 HyJIbOBOTO CTPyMy HEpe3 3pasok.

PospaxyHkn TmOKa3yloTh, MO0 IIsI Hampyra CKJIaJae
6mmseko 0,9 B. Tosisa nanpyru U o7 HPH3BOIHUTEL 10

3MEHIIIEHHS Halpyrd Ha TOBII KPHCTATy, OTKE, [0
BUHHUKHEHHS BiJl’€MHOT0 AU(EpeHIIaIbHOTO ONopy Ii€i

IUITHKA BAX. Hassuicts BiJI’€MHOTO
I epeHIiaibHOrO ONOpy CIPUYHMHSE TAKOXK KOJIMBAHHS
BEJIMUMHHA CTPYMY B 3pasKy y MEBHHX pexumax (1o
4acTO 3aBaykKa€ BUMIPIOBAHHSM ).

Taoauns 2
U,B 12 [ 15120 [ 30 | 40 | 50 | 60 | 70
Umﬂ B 1,6 119120]2,6(33]|4,01(45]4,7

TeopeTnyHO MOpaxoBaHMH 3a CTAHAAPTHOIO BUILHOIO

eneprieio 'i66ca AG) =1,8eB [5] norenuian U,
2

posnaxy Monekyn Pbl,, BHacmigok oOMiHy JaBOMa

enekrpoHamu, ckiagae 0,9 B. Takum 4uHOM, MOMIipsiHE
sHadenns U, Onuseke 10 pospaxynkoBoro U, .

Harpomamkennit Ha moABIHHOMY
mapi 3apsy ¢,, JOPiBHIOE:

3apAHKEHOMY

An = fIZU €xp (_ t/T2)dt =L, =6,3-10" K. (7)
0

Sxmo 6 yci i0HM pO3MINIyBaJIMCh B HapajelbHUX
IUTOLIMHAX, YTBOPIOIOYM 3apsPKEHUH KOHIEHCATOp, TO
MOBEpXHEBA T'yCTHHA OJHOBAJICHTHUX 1OHIB CKJanmama 0
4,5-1012 CM'z, TOOTO cepemHs BiACTaHb MK HUMH He
nepesumryBaia 6 5 HM. BpaxoByroun cITiBBiTHOIICHHS

qm = Cm ’ Um ’ (8)
O6"II/ICJ'H/IMO €MHiCTI) Om TAaKOT'0 KOHACHCATOpa:
C =-dn 5740, 9)
U

m
I3 popmynu iIst EMHOCTI IJIOCKOTO KOHIEHCATOpA 3
IUIOLIE0 OOKIAI0K S,

eg, S
C=_"9K 10
q (10)
3a JieJIeKTpUYHOI TNpoHWKHOcTi €=21 [4], MoxHa

OWIHNTH TOBIIMHY d WOABIIHOTO 3apsIKEHOTO MIapy
(sxa BimmoBima€ MOBXKHHI BITFHOTO TPOOITY HOCIA
3apsany): d= 0,3 mxm. Hampyxenicte E enextpudnoro
Mojsi B TAakOMy IHapi JOCHTh 3Ha4Ha 1 CKJIajae
E =3-10° B/m.

CyTTeBi BIIMIHHOCTI B 3aJI@KHOCTI BiJl HampyrH
KoedimienTa anpokcmmariii I~ Ta koedimieHTiB I

I

1U 3U

,u» L, BKasylTb Ha pisHy Oisuuny npHpoIy

BI/IIOBI/IHNX CTPYMiB, a came: cTpym I - exp (f t/*rl) MU

BBO)KAEMO TIOBEPXHEBHM, a TpU iHIII — 00’ eMHUMH. I3
Tabn. 1 Bumno, mo Mt U<4 B moepxHeBUil CTpyM
CKJIaJa€ 3Ha4YHy A0JI0 (OIS TTOJIOBUHH) YCHOTO CTPYMY.
I[Ipu U>15B o0’emuuii omip 30LnbLIyeETBCS 1 H0JS
MOBEPXHEBOIO CTPyMy 4epe3 3pa3ok 3pocrae. lle
MiATBEP/UKYEThCS MPONOpUikiHicTIO KoedinientiB [ Ta
L,-

3a 3HaueHHAMH KoediuienTi anpokcumanii [~ Ta
yaciB penakcaii T, MOXHA BU3HAYUTH KOHIIEHTPALIIO
Ili I_leHTpiB MpUJIUIIaHHA, 3alIOBHCHHUX iH)KeKTOBaHI/IMl/I

HocisiMu 3apsiy. Tak, IX moBepXHeBa I'yCTHHA IOPIBHIOE:
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I T
n = 1U 1 11
1= Teg (1n
Tyr S - mioma OiuHoi moOBepxHi 3paska. s

Hanpyru U=70 B noBepxHeBa TIyCTHHA 3allOBHEHUX
LEHTPIB TPHUIMIAHHS CKIAafae n, =2,7-10" cm, T06TO

CepeHs BiICTaHb MK HUIMU CTAHOBHTH O1JIS 2 HM.

AHAJIOTIYHIM YHHOM MOXXHa OOYHCIHTH CEpeIHIO
KOHIICHTPAIII0 3allOBHEHUX IH)KEKTOBAHWMH HOCISMH
3apsAy piBHIB IPWIIAIIAHHSA B 00’ €Mi KPHCTAITY:

Ly,
n = ; i=3,4,5. (12)
' eV
Tyr V — o0’em xpucrany. [lopaxoBani misi Hampyru
U=70 B 3HaueHHs KOHUEHTpaliii  JOPIBHIOIOTH:

113:8-1012 oM, 114:21012 oM, ns:4~1011 oM.

Ouineni 3a ¢opmyinoro (2) TIMOMHM 3ansiraHHs PiBHIB

T.B. ®imrok.

Y3TOIKY€ETBCS 3  pesynpTaramMu  [3], OTpHUMaHUMH
TEPMIYHHM CITIOCOOOM.
BucHoBku

Po3zpobneHo METOJ 00poOKHI pe3yIbTaTiB
eKCIICpUMEHTIB 13 peNakcamii cTpyMmy, IO JTO3BOJISIE
OTPUMYBAaTH  XapaKTEPUCTHUKH, HEIOCTYNHI IHIINM

MeTozaM. Po3miieHo CKIagoBi MEPEeXigHOTO CTPyMy Ta
BCTAHOBJICHO (i3UUHY NPHUPOIY KOXKHOT 3 HUX. OILiHEHO
KOHLICHTpAI[II0 €HepreTHYHUX DPIBHIB Ha IOBEPXHI Ta B
TOBLII  Kpuctamy. EkcrepuMeHTaIbHO — MOMIPSHO
3HAUEHHs HANPYTHU eJIEKTPOITUYHOI Aucoianii ast Pbl,
Ta JIaHO TOPIBHSHHS 13 ITOPaxOBaHOIO 3a CTaHAAPTHOIO
BibHOIO eHeprieto ['i60ca.
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R.M. Pasternak

Experimental Studies and Physical Analysis of Transient Current in Pbl,
Monocrystal

Lutsk state technical university, Lvivska st. 75, Lutsk, 43018, Ukraine,
tel. (03322) 6-34-20, E-mail: fizik@fiz.Istu.lutsk.ua

Abstract: Process of an establishment of a current in Pbl, monocrystal is investigated at enclosing a jump of
voltage on it. It is shown, that character of transients depends on the enclosed voltage. The analysis of physical
factors which influence these processes is carried out. It is specified on feature of use of a method of transient

currents and borders of its application.
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