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JlocnimkeHo MexaHi3MU pO3CiFOBaHHS HOCIIB CTpyMy B emiTakciiiHuX rutiBkax PbTe, ocamkeHnX Ha CBiXKi CKOJH
(111) xpucrainiB NaCl. [TokazaHo, 10 TOMiHYIOYY POJIb Biirpae po3CiroBaHHS Ha AWUCIOKAIIAX HEBIAMOBITHOCTEH HA

Mexi "uriBKa-miakinanka'.
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Beryn

ToHKI IUTIBKM XaJdbKOTEHINIB CBHUHIIO — MAaroTh
IIMPOKE BHUKOPHCTaHHS MJJIsl CTBOPEHHS JETEKTOPIB Ta
JUKepell BUIPOMIHIOBaHHS B iH(GpadepBOHOMY Mdiara3oHi
ONTUYHOTO CIIEKTPY [1,2]. OyHKITIOHYBaHHS
NPWIAJOBUX CTPYKTYp Ha OCHOBI TOHKOILTIBKOBOTO
MaTepiay y 3Ha4HIH Mipi BH3HAYAETHCS XapaKTEPOM
sBUIl TepeHocy. Bigomo [3], mo B o6macti mammx
TOBIIMH, MEXaHI3MH pPO3CIIOBaHHS B TUTIBKaX CYTTEBO
BIJIPI3HAIOTBCS B TaKUX Yy MacHBHUX 3pa3kax. Ty,
30KpeMa, KpiM pO3CIIOBaHHS Ha TEIUIOBUX KOJIMBAHHSX
TpaTKU i 10HI30BaHMX LIEHTPaxX HEOOXiJAHO BPaxOBYBaTH
po3ciloBaHHS ~ Ha  TpaHUIAX  3€peH,  IOBEPXHi,
JICITOKAIIIX HEBIAMOBITHOCTI Ta OedekTax pocTy. Y
3B’S3KY 13 UM, B&XKJIMBOIO IMPOOJIEMOIO € OIliHKa ITUX
JOJATKOBUX MEXaHi3MIB po3citoBaHHS. Posrmsamy numx
MUTaHb TPUCBAYCHO psx poOiT [4-7]. Tak, 30kpema,
aBTOpH POOOTH [6] BUBYAIH PYXJIMBICTH HOCIIB y TUTiBKaX
n-PbTe, Bupomenux Ha ckoiax (100) kpucranis KCl.
BusHaueHo  ponmep  MOBEPXHEBOI 1 3aJHIIKOBOL
pyxmuBoctef. OcTaHHIO 13 HHX [OB’S3YIOTh 3
pO3CIIOBaHHSIM HOCIIB Ha CTPYKTYpHHX Je(eKTax.
PesynpTatél TpOBEACHHMX JOCTIIKEHb OCOOJIMBOCTEH
pO3CitOBaHHS €NEeKTPOHIB y TOHKMX IuliBKax PbTe Ha
CJIIOAI MIATBEP/DKYIOTh 3HAUHY POJIb MDK3EPEHHHX MEX
[5]. VY crarri [7] nocnimKeHO BXKe ABOLIAPOBI CTPYKTYPH
PbTe /PbS, ne mnpoBeneHO po3paxyHOK eQEKTHBHOI
PYXJIUBOCTI 3a YMOBH pPO3CiIOBaHHS HOCIIB 3apsmy Ha
MOBEPXHI 1 JMCIOKAIliAX HEBINMOBIIHOCTEH Ha MeExXi
reTepocTpykTypu. KpiM Toro poip  JuCIOKaIii
HEBIAMOBIAHOCTEH y MeXaHi3MaX pPO3CiIOBaHHSA HOCIIB
CTpyMy Il TOHKHX MoNiBoK PbTe BuBUeHO aBTOpamu
pobotu [4]. [luM mUTaHHSM TPUCBSYEHI TaKOX 1 HaIIi
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pobotu [8-16].

VYV nma”iil cTarri BUBYEHO 3aJIEKHICTH MEXaHI3MIB
pO3CitoBaHHS HOCIIB CTpyMYy Yy TOHKHUX IutiBkax PbTe Bin
topmuHN (0,6-1,0) MKkM B iHTepBami Temmepatyp (80-
300) K.

I. Eaementu Teopii

VY TOHKHX IUTIBKAaX peali3yIoThCs: PO3CIFOBaHHSA Ha

KpHCTaliyHiii Tparui B 00’eMi IUIIBKH, TIOBEpPXHI,
nedekTax pocry. 3a yMOBH, IO KOXHHH 13 1uX
MEXaHI3MIB pO3CitoBaHHSA MOYKHA po3risiaaTu
HE3AICKHUM, C(PEKTHBHA  PYXJHBICTD .,  SKa

BU3HAYACTHCA CKCIICPUMCHTAJIBHO, 6yz[e IpeacTaBJICHA
SAK

1 1 1 1
— =t —t—.

M
“e ”’L l"ts Hd
oe | — o0’eMHa pyXJIHBICTH (Ha TpaTii), W5 —
MOBEPXHEBA PYXIUBICTD, Ll — PYXJIHBICTH, 0OYMOBJICHA
CTPYKTYPHUMH Ae(EKTaMHU.

Juss  TmoBHICTIO  OUQY3HOTO  PO3CiFOBaHHS  Ha
TIOBEPXHI, 3TiTHO [4]
1 1
L =—(1+&j, e
Me ub d
ae
1 1 1
— - 3)
My Mg My
3 piBaaes (1) m (2), moOBepxHEBa PYXIUBICTH
JIOPIBHIOBaTUME
1 1 1
r— “)
M M. 1+—
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h

1/3
3p

= l"l'e _ — —

2g\ m
cepenHst JOBXHHA BijbHOTrO. TyT h - crana [lnanka, q —
3apsj HOCIS, p - KOHIICHTpALlis HOCIIB.

Po3ciroBanHs Ha CTPYKTypHHX JAe(deKTax 3riJHO
piBHsHb (1), (4) Oyne piBHe.

©)

pi (]

1 1 I 1 1 1 1
e e (©)
ud Me ”’L HS Me 1+ ML
3 iHmoro OOKy, 3a YMOBHM, IO OCHOBHHMH
CTPYKTYPHUMH nedexkramu € JHCIoKanii
HEBIIMOBIAHOCTEH, 3rigHO [7]
nR’
Mg = Hi I_T\/ﬁ ’ ™
ne R — pagiyc mpocropoBoro 3apsily CTBOPEHOI'O

JUciokaiiero, N — moBepxHeBa MIUIbHICTh AUCIOKAITIH.
Otpumani Bupasu (6) i (7) mnsd pyxJHMBOCTI [,

MOBS3aHOT 13 pO3CIIOBaHHAM  HA  JUCIIOKAIlisIX
HEBIAMNOBIAHOCTEH, [OalOTh MOXKJIHMBICTb BHU3HAUYMTH
xapakTepHi mapametpu R, N:
2 Hy |d
R*N =|1--4 |= ®)
My )T

[inpHICTH TUCIOKAIIN 3riAHO puc. 1. 32 YMOBH, 1110
aj(nt+1)=an Oyne piBHa
2

1

-2 — s
N Q) aa, l(a—a,)

)

TYT, a, a; — BIIMOBiTHI TApaMETPH KPUCTATIYHHUX IPATOK,
10 MEXYIOTh Y TeTEePOCTPYKTYPi "TUTiBKa-ITiaKIaIKa" .
na

(n+1)a,
Puc. 1. Cxema nuciokamii HEBIAIOBIZHOCTEN Ha MexXi
reTePOCTPYKTYPH.

Martour NOBEpXHEBY MLINBbHICTh Auciokamid N i
BUKOPUCTOBYIOUM  (8) MOXHAa  OIIHUTH  pajiyc
IIPOCTOPOBOTO 3apsay AUCIOKalii R.

II. MeToguka eKCliepUMEHTY i
pe3yJIbTaTH

[Tmieku PbTe mis mocmimkeHHS OTpUMyBald 3
mapoBoi (pasM METOAOM TapsA4ol CTIHKH Ha CBDKHX
ckonax (100) NaCl. IIIBraKicTh pOCTY IUTIBOK CKJIajmania
1-3 mmc™. CTpyKTypa mIiBOK HOCIiIKyBanacs METoAaMH
eJIEKTPOHHOT ~ Mikpockomii 1 audpakuii, a Takox
ontu4HOi Metanorpadii. BuMipioBaHHSA eIEKTPHUYHUX
napaMeTpiB  IUIBOK MPOBOJMIIOCS KOMIIEHCAI[IHHUM
METOOM Y MOCTITHUX €IeKTPUYHUX 1 MarHiTHUX IMOJIAX.
BumiproBaHHS MPOBOAMIN Ha OKPEMHX IUTIBKaX pi3HOL
toBmuHU. CTpym uepe3 3pa3ku cknagas = 0,1 MA.
MarniTHe mToONie HANMPAMILUIOCS TEPHEHAMKYISIPHO 0
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noBepxHi IuriBoK mpu iHAyKii 0,8 Tin. BumiproBaHmii
3pa30K MaB YOTHPH XOJUTIBCHKI 1 ]Ba CTPYMOBI KOHTaKTH.

IIniBkM SBJISIIA COOOKO €MITaKCiliHI CTPYKTYpH i3
opientariero  miomuHamMy  (100) mapanenbHO 710
wionmHu (100) NaCl. Po3mipu KpuCTadiTIB CKIanaiu
6mu3bko 0,5 MKM.

3aeXKHICTh XOJUTIBCBKOI PYXJIMBOCTI HOCIiB 3apsmy
wriBok PbTe Bin ToBImmHM 300paskeHO Ha puc. 2. BuaHo,

0 13 3MEHIIEHHSIM TOBIIMHMA IUIIBOK Ma€ Micle
CralaHHs XOJUTIBCBKOT PYXIIUBOCTI (puc. 2,3).
TemmepaTypHi 3alIe)KHOCTI pPyXJIMBOCTI ILTiBOK PbTe,
BU3HAYCHI Ha CeKCIIGPUMEHTI 1 pO3paxoBaHi JUIs
pO3CilOBaHHA Ha  JUCJIOKAISX  HEBIAMOBITHOCTEH
MPeCTaBICHO Ha puc. 4.

2
u, m/Be
0,25 1

1
0,2 1
0,15 1
0,17 2
3

00,5 -

T T T ] T

0,6 0,7 0,8 0,9 1d, Mkm

Puc. 2. 3anexHoCTi pyxJIMBOCTI HOCI{B 3apigy Bix
ToBUIMHY TuIiBKM PbTe mpu pisHux temmeparypax: 1 —
125 K,2-235K,3-300 K.

I11. AnaJi3 pe3yabraris

3 MeTol YTOYHEHHS JOMIHYIOUOTO MeEXaHi3My
PO3CiIOBaHHS HOCIiB 3apsQy HaMH IPOAHATI30BaHO
TeMIeparypHy 3anexHicTs pyxiauocti W(T). Bimomo [7],
0 TEMIIEPATYPHY 3QJICKHICTh PYXJIUBOCTI ISl TUTIBOK
TOBIIMHOIO d MOKHA MTPEICTABUTH Y BUTIIAL

p=p T, (10)
Jie Lo— cTajla BeJMYUHA, SIKa BU3HAYAETHCS ITapaMeTpaMu
MaTepiamy 1 3aJeXHUTh BiJ TOBIIMHHU IUTiBOK; n(d) —
MOKa3HUK,  SKUH  BU3HAYAETHCS  MEPEBAKAHHAM
KOHKPETHOTO MEXaHI3My pO3CiIOBaHHS y IUTIBKax Ui
3a7aHoi TOBIIMHHU. JIJIS MOCTaTHHO JOCKOHAJIMX IUTIBOK
XBaJIbKOTCHIJIIB CBHUHIIO N ~2,5, 10 IOB’SI3aHO 13
pO3CIIOBaHHSIM  Ha  JIOBTOXBWJIBOBHX  aKyCTHYHHX
(oHOHAX 13 BpaxyBaHHIM TEMIEPAaTypHOI 3aJEKHOCTI
epexTBHOI Macu. [IpM MOBEpXHEBOMY pO3CiFOBaHHI
n~0,5 a mpu OUIPIIMX 3HAYEHHIX N MOBS3YIOTH 13
pO3CifOBaHHAM Ha JeeKTax poCTy  JTUCIOKAIisIX
HEBIAMOBIAHOCTI [7].



Oco06muBOCTI pO3CifOBaHHS HOCI{B CTPYMY B €IMiTaKCiHHUX MJIiBKaX TEIYPUIY CBUHIIIO

u, M*/Bc

0,59

0,6 0,7 0,8 0,9 1 d, mxm

Puc. 3. 3anexHOCTI pyXnMBOCTI HOCIiB 3apsity Bif
topmuHN Bk PbTe mpu temmeparypi 125 K: 1 —
€KCIIEPUMEHT (Uexp), 2 — PYXJIMBICTH A 00 €MHOrO
kpucrany ([p), 3 — TOBEpXHEBa PYXIHUBICTH (W), 4 —
PYXJIUBICTh sIKa BpaxXxOBYE pO3CiIOBaHHSA Ha Aedexrax

(Ma)-

BusHaueHi 3HaueHHS NOKAa3HMKIB Nn JJs IUTIBOK
pi3HOT TOBLIMHHU HaBEJCHO Ha puc.S. Buseuiocs, mio
3aj1exHicTh n(d) MOXKHA aNPOKCHUMYBATH MPSIMOIO JIHIE0
i3 aHaNITHYHUM BHPa30M

n(d) = 0,62 +0,40d. (11)

TaxkuMm 4MHOM, JUIS TOCITIIKYBaHUX TOBIIUH ILTIBOK
MOKa3HUK N TEMIEpaTypHOI 3aJeXHOCTI PYXJIHMBOCTI
ONMM3BKIA 7O ONWHUIN, IO MiATBEPIKYE ITOMiHYBaHHS
po3cioBaHHS  HOCIiB  3apsgy Ha  JMCIOKAIlisAX
HEBiATIOBiAHOCTEH.

3ayBakuMo, IO TOBIIMHHI (puc. 3) 1 TemmepaTypHi
(puc. 4) 3aneXHOCTI PyXJIMBOCTEH HOCI{B CTpyMY, ILTIBOK
PbTe pospaxoBani 3a yMOBH pO3CiIOBaHHA Ha
JIUCITOKAIIISIX HEBIIOBITHOCTEH HE3HAYHO
BIZPI3HSIOTHCS Bifl eKclepuMeHTaNbHUX. Lle momaTtkoBo
MiATBEPIKY€E TOMIHYBaHHS PO3CIOBaHHS HOCIIB CTPyMy
Ha JUCIOKAIISIX HEBIIIIOBIAHOCTEN.

3 puc. 6. BUIHO, IO pajiyc MPOCTOPOBOTO 3apsmy
JUcioKamii MpakTHYHO HE 3aleKHUTh BiJl TOBIIMHA
(puc. 6) 1 3HaxomuThes y Mexkax 0,023-0,027 M.
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In(p,, M/Bc)

11
-1,5 1 -

5
-2,5 1

= In(T, K)

n(1,
-3,5 T T T T -
4,8 5 5,2 5,4 5,6 5,8
a
In(p,, M°/Bc)
-0,5 1
° °

-11

-2 4 oA
2,51 \

. In(T, K)

n :
-3,5 T T T T T
4,8 5 5:2 5,4 5,6 5,8
6

Puc. 4. 3anexHiCTh eKCIepUMEHTaNbHOI I, (a) Ta

po3paxoBaHoi 3rimHO (6) Wy (0) pyxnmBOCTEH HOCIIB
CTpyMy BIi Temrepatypu il 1iiBok PbTe pi3HOi
toBmuun d, Mmkm: 1 —0,6;2—0,8; 3 — 1.

n
1.2 1
1 A
®
0,8 -
0’6 T L]
0.4 0,6 0,8 1 d, Mrm
Puc.5. 3anmexHicTh  THOKa3HHKa  TeMIEpaTypHOL

3aJIeKHOCTI PYXJIMBOCTI BiJl TOBIMUHY JUTS TLTiBOK PbTe.

R, Mmxm
0,03 1
— —
e
0,02 1
0,6 0,7 0,8 0,9 1d, Mmxm
Puc. 6. 3anexHicte pazgiyca HpPOCTOPOBOTO  3apsimy
JIICITTOKAIII N HEBINOBITHOCTEH TeTePOCTPYKTYPH

PbTe/(100)NaCl Bix TOBIINHH.
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BucHoBku .
ABTOp BUCIIOBITIOE BASUHICTH mpod. Dpeiky J1.M. 3a

MOCTAaHOBKY 3aladi, I[iHHI Mopagd Ta OOTrOBOPECHHS

1. OnepxaHo BUpa3H UISL PO3PAXyHKY PYXJIHBOCTI . 3
Pe3yIbTaTiB TOCHTIIKCHHS.

HOCIiB CTpyMy y TOHKHX IUTIBKax IpH PO3CIIOBaHHI Ha
MOBEPXHi 1 CTPYKTYPHUX JIe(eKTax.

2. JlocmiJKeHO 3aJIe)KHOCTI PYXJIMBOCTI HOCIiB
ctpymy s wiiBok PbTe, ocamkenux Ha (100) NaCl Bix
TOBIIMHHM 1 TEMIIEPATYPH.

3. TlokazaHo, MmO JOMIHYIOUHM MEXaHI3MOM €
PO3CifOBaHHS HOCIiB Ha TUCIIOKAIISIX HEBiIMOBITHOCTCH.

4. OniHeHo paiyc MPOCTOPOBOTO 3apsiLy AUCIOKALT
HeBiAmoBiHOCTEH Ha Tetepo Mexi PbTe / (100) NaCl.

Poboma uacmroso ¢pinancyemocs MOH Vipainu
(peecmpayitinuti nvomep 0106U00220) ma JOD] MOH
Yxpainu (npoexm Ne 14.1/028).
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B.S. Dzundza

Features of Charge Carrier Scattering in Lead Telluride Epitaxial Films

Physics and Chemistry of Solid State Department of the Vasyl Stefanyk Precarpathian National University,
57, Shevchenko Str., Ivano-Frankivsk, 76000, Ukraine, E-mail: fcss@pu.ifua

Mechanisms of charge carrier scattering in epitaxial films PbTe that deposition precipitated on fresh of (111)
crystals chop of NaCl are explored. It is shown, that dominant role has the scattering of discrepancies dislocations on
boundary "film-substrate".
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