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BruiuB Mik¢a3HHX MeK HA PO3CilOBAHHS HOCIIB CTPymMy
y IUTIIBKAX TeJyPHAY CBUHIIO Ta 0JI0BA

117puKapnameKmZ nayionanvhuti ynigepcumem imeni Bacuna Cmeganuxa,
eyn. llesuenka, 57, Isano-@panxiscok, 76000, Vrpaina, E-mail: fcss@pu.if.ua

JocnimxeHo BIUIMB MiK(a3HUX MeX Ha PO3CIFOBaHHs HOCIiB CTpyMy Y IUIIBKax TEJYpHIY CBHHIIIO Ta OJIOBA,
0CaDKEHOr0 Ha IMiKJIa/IKax 3 MOJIiaMiJHOi CTPIUKH Bij IX TOBIIMHK. BcTaHOBIIEHO, IO TOMIHYIOYY pOJIb BiAirparoTh

PO3CiIOBaHHS Ha MOBEPXHI Ta MIX3EPEHHUX MEXkKax.

KirouoBi ci10Ba: Tenypus CBUHIIO, TEIypU/L OJIOBA, PO3CIIOBaHHS HOCIIB, PyXJIMBICTb.

Cmamms nocmynuna 0o pedakyii’ 30.12.2011; npuiinama oo opyky 15.09.2010.

Beryn

[lmieku ma  ocmoi cmomyk AVBY' ¢
MIEPCIIEKTUBHUMH JUIsI CTBOPEHHS Ha iX OCHOBI aKTHBHHX
€JIEMEHTIB MIKpPO- 1 ONTOENEKTPOHIKU: JETeKTOpiB 1
JDKepen 1HQpaYepBOHOr0 BUIPOMIHIOBAHHS ONTHYHOTO
ciektpy [1], TepMOENeKTpUYHUX MEpPETBOPIOBAYIB
eneprii [2]. BrnacTMBOCTI TOHKHX IONIKPUCTATIUHUX
IUIBOK Yy 3HAa4yHId Mipi 3aJeXaTh BiJ] EIEKTPOHHHX
mpoleciB, MmO  BigOyBalOTbCS HA  IOBEpXHI 1
MDKKpUCTANIITHUX Mexkax. TyT, 30kpeMa, HeoOXiTHO
BpaxoByBaTH  poO3CiloBaHHA  Ha  Mik(paszHuX 1
MDXK3EpEHHHX MeXaX, AMCIOKALisSX HEBIIMOBIIHOCTI Ta
iHmux gedexrax pocty [3-6], Tak sk JOKamizalis HOCIIB
CTpyMy Ha TOBEPXHEBUX CTaHax 1 iX 3axOIUICHHS

0o0ipBaHMMH  3B'I3KaMM  HAa  MeXaxX  KPUCTANITIB
NpU3BOIATH 1O YTBOpEHHs Ot HuUX oOmacreit
MPOCTOPOBOTO  3apsily, KOHIIGHTpalis 1 pyXJIHUBIiCTh

HOCITB CTpyMY B SIKHX MOXKYTh 3HAYHO BiJIpI3HSTHCS BiJ
BIiJITIOB1THUX MapaMeTpiB B 00'eMi.

Y  maHifi  poOOTI  MOCTIMKEHO  OCOOJMBOCTI
MEXaHi3MiB PO3CIIOBaHHS HOCIIB CTPyMYy Y TOHKHX
IUTIBKax TENYpUAY CBUHIIO Ta OJIOBA, OCA/HPKEHOTO Ha
KT KaX 3 MOiaMiIHOI CTPIYKH BiJl IX TOBIIMHHU.

|. MeTonnka ekcriepuMeHTy

[IniBku oOTpuUMyBanM 3 mapoBoi (a3 METOIOM
BiJIKPUTOTO BUIIAPOBYBAHHS y BaKyyMi Ha MiJKIAAKA 3
nomamiguoi crpiuku  tumy [IM-1.  Temmnepatypa
Bunapauka ckiagana T,=(860-970) K, a temmepatypa
miakaagok  T,=(420-520)K. ToBumHy KOHIHCATY
3ajaBaid 4acoM oca/pkeHHs B aiamasoni (1-30) xB Ta
BUMIPIOBAIX 3a JIOLIOMOIOI0  MiKpoiHTepdepoMeTpa
MUU-4.
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BumipioBaHHs €NEKTpUYHUX TapaMeTpiB ILTIBOK
MIPOBOJIMIIOCS. Ha TIOBITPI MPH KIMHATHUX TEMIIEpaTypax
y TOCTIMHMX MAarHiTHUX TOJISIX. BUMiproBaHuWil 3pa3ok
MaB YOTHUPH XOJUTIBCBKI 1 JiBa CTPYMOBI KOHTakTu. B
SIKOCTI OMIYHHMX KOHTaKTiB BHUKOPHUCTOBYBAIUCS IUTIBKH
cpibma. Crtpym uyepes 3pasku ckimagaB ~(0,1-1) MA.
MarsiTHe MoJe HANpPSMIIUIOCS TEPIEHAUKYISPHO 0
MOBEpXHIi TUTiBOK NpH iHAYKWii 1,5 T

OTpuMaHi 3pa3kd  JOCHTIJDKYBAJIHCS  METOAaMHU
aToMHO-cHoBoi  Mikpockomii  (ACM) Nanoscope 3a
Dimention 3000 (Digital Instruments USA) y pexumi
MepiOAMYHOrO KOHTAaKTy. BuMipioBaHHS TNpoBeleHi B
LUEHTPAIbHIM YacTHHI 3pa3KiB 3  BHUKOPUCTAHHSIM
cepirianx kpemHieBuxX 30HAIB NSG-11 i3 HOMiHATEHUM
pamiycom 3akpyriaenss Bictps go 10 am (NTOMDT,
Pocis). 3a pesynpratamu ACM  gocmikeHb Kpim
TEXHONOTII TOBepXHI Ta mnpodiiorpaMm Yy Mporpami
WSxM 4.0 Devdop 104 BusHaueHi po3MipH
HAHOKPHCTAIIIB Y JIATEPaJbHOMY HAIPSMKY, BHCOTY Ta
LIOPCTKICTh ITOBEPXHI.

ACM-300paxkenHss Ta  mnpodijorpamMum  IDTIBOK
HaBegeHO Ha puc. 1. Buano, mo onepxaHi BOHU
CKJIaIal0ThCA 3 HAHOPO3MIpPHUX KPHCTAJIITIB
mipamiganeHoi  opmu. 3 mpodinorpad BHU3HAUEHO
3aJIeKHOCTI  CepefHiX  pO3MIpiB  KPHUCTAJITIB Y
JaTepa’ibHOMY 1 MEpHEHAMKYJSPHOMY HampsMKax Bif
TOBIMMHU TUTiBKH (puc. 2.). I3 3poCTaHHSIM TOBIIMHH
PO3MIpH KPHUCTAJITIB TaKOXK 30UIBIIYIOTECA B 000X
HaNpsIMKax 3 BHXOJIOM Ha HACHYEHHS NPHU TOBIIMHA
ounemre 1,5 MkM. Crti BiI3HAYHTH, IO IUTIBKU TEIYPUIY
CBUHIIIO XapaKTEPU3YIOThCA Maibke B JBiYUl OUIBIIUMHU
pO3MipaMU KpPHUCTAJITIB SK B JIaTepajlbHOMY TaK 1 B
MIepIEeHANKYSIPHOMY 10 TOBEPXHI HANPSIMKY HiK TUTIBKA
SnTe.
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Puc. 1. ACM-306paxenHus (A) i npodinorpamu (B) riBok PoTe (a,6) i ShTe (B,r) Ha momiamisi.
Tosmmna, mxm: 0,16 (a), 0,76 (6), 0.1 (8), 2,6 (r).
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Puc. 2. 3anexHicTh cepeqHiX pO3MIpIB KPUCTATITIB
mwiiBok PbTe (a) i SnTe (6) y narepansHOomMy (O) i
MEePIeHUKYIIpHOMY (@) [0 TOBEepXHi MMiAKIAAKA
HAaIpsIMKax BiJl TOBIINHHU IUTIBKH.

1. EnemenTn Teopii

3a yMOBH NepeBakaHHs PO3CIIOBaHHS HOCIIB CTpyMYy
Ha moBepxHi (W) 1 Mexax 3epeH (|), TUTOMHI Orip
IUTIBOK BH3HAYAEThCS MpaBmioM Martticena [5]. fkio
KOHIICHTpAIIisl HOCITB 1 epeKTHBHA Maca € CTAJIUMH, TOI

11,1 "

)
m m m
JIe | — €KCIICpUMEHTAIHHO BH3HAUCHA PYXJIMBICTb.
Yac Mix JOBOMa aKTaMH PO3CIIOBAaHHS Ha MeEXKax
KPHUCTAITIB T, BU3HAYAETHCS K
t,=Du’, )
e V — TEIUIOBA IIBHJKICTH HOCIIB, fKa y BHUIIAIKY
BHUPODKEHHS, HE 3alIeOKUTh Big Temrepatypu. Jns
TEIYpUIYy OJIOBa TeMIlepaTypa BHUPODKCHHS BEJIHKa
gepes BHCOKY KoHueHTpamito HociiB (~10° com?)
BHACJIIJIOK 3HAYHOTO BIIXWJICHHS BiJ[ CTEXiOMETPHYHOTO
cknmany. [lpu npomy 3rimHo [4]:

- 13
_29,83n0
=ZpPNo 3
h &p o
ne D — cepenniit po3Mip 3epHa, (| — 3aps HOCIiB, N —
KOHIIEHTpAIIis HOCiiB, h — cTana [TnanHka.
PyxnmuBicTh HOCIIB CTpyMy y BHIQAKY IU(PY3HOTO
PO3CifOBaHHS Ha MOBEPXHI BU3HAYAETHCS SIK [7]:

m, =m, (L+1 /d)t. 4
Tyt A — cepenHs JOBKUHA BIIBHOIO MPOOITy HOCITB, L, —
PYXJIHMBICTh 00’ €EMHOTO MaTepiaiy.

Brigno Mmogeni Teiinepa [6] poscitoBaHHS HOCITB
3apsly Ha MeXax 3epeH ONHCYEThCS YacoM peakcarlii To
TaKUM YMHOM, IO A =TgL, A€ A — ¢DEKTUBHMI CepeIHii
BUIbHUI MpOOIr HOCIiB 3apsay y HECKIHUEHHO TOBCTIH
roniBmi. Toxal

Lo §.3 @ P
s—sog 5 . (5)

TyT 69 — IMTOMa ENEeKTPONPOBIHICTh Y HECKIHUEHO

toBcTiil wriBmi. PiBasHHA (5) BUpakaroTh mpsAMY JIiHi0
— -1
y = A £ BX y koopaunarax ¢ ~d-,

ne A=og B= -gsol @a- pP.

I3 pieusuas (5) BUIUIMBaE, IO TOpsAMa  JIiHis
nepecikae Bich opmumHar mpu d' — 0 y Toumi, o
BU3HAYa€ Gp. TaHreHC KyTa HaXWiIy NIpsSMOi BU3HA4ae
BEJIMYUHY B SIKY BXOAUTH A. SIKiio posrispatu nudysHe
posciroBanHs (To6T0 P=0), TO MOXHA BU3HAYHTH A 1 Po.

BusHauuBmi JOBXKHHY BibHOro mpobGiry (M)
(puc. 3), Ta BukopucraBum ¢opmyry (4) wmaemo
3aJIeKHICTh TTOBEPXHEBOI PYXJIMBOCTI [, BiJ| TOBIIUHH.
AHAJOrYHO MarouH cepe/Hiil po3mip kpucraiitis (D) Ta
eKCIIepUMEHTANbHEe 3HAa4YeHHSA KOHIeHTpamii (Ny) i3
Bupasy (3) OTpUMYeEMO BENHYUHY PYXJIHBOCTI sKa
BpaxoBy€ BIUIMB pPO3CIIOBaHHA HOCIiB CTpyMy Ha
Mik3epeHHuX Mexax (LL;).

[11.Pe3yJbTaT ekciepuMeHTy Ta ixX
00roBOpeHHs

Ha puc. 3 mpencraBieHa eKkcrepUMEHTalIbHA
3aJIeKHOCTH ITUTOMOI €IEKTPOIIPOBIIHOCTI Bl 00epHEHOT
TOBIIUHH IUTIBKU.

o, oM 'cM’
0,8 1

0,6 1 d
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o, oM 'em’

25001

1/d, mxm™

20001
15001
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0

0 2 4 6 8 10 1/d, mxm™
Puc. 3. 3anexHicTh MTUTOMOI POBIAHOCTI BiJl 00€pHEHOT
TOBHIMHU U1 1iiBok PbTe (cp= 0,75 Oom*em?,
A=0,27 mxm) (a) i SnTe (o= 21464 Omem™
2=0,26 mxm) (6) mpu Temmepatypi 300 K.
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Jns KIMHaTHUX TeMIeparyp BU3HAu€Ha CepeaHs
JIOBXKMHA BIUJIBHOI'O TPOOIry A HOCIiB CTpymy, sKa
BUSIBWIACh TIPAKTUYHO OJHAKOBOIO Uil 000X cepii
3paskiB i ckaanae ~260 HM.

[luromMa eNeKTPONpPOBIAHICT ILTBOK  TEIypHIY
0JI0Ba Ha TPH MOPSIIKH Oijblina HiX y mwiiBkax PbTe, mo
TIOB’ sI3aHE 3 BEJIMKOI KOHIICHTPAII€I0 HOCIiB CTpyMmy.
3BepHEMO yBary Ha XapakTep TOBIIMHOI 3aJeKHOCTI
MTUTOMOI €JIEKTPOIPOBIIHOCTI MPU 3MEHIIEHHI TOBIIMHU
BoHa pisko cmamae (puc. 3). Takuit xapaktep
MPOBITHOCTI MOXKHA TIOSICHUTH BIUIMBOM JTU(Y3HOTO
PO3CilOBaHHS HOCITB Ha ITOBEPXHI, K€ CTAE€ JOMIHYIOUHM
B 0o0nacTi Majux TOBIIMH. lle TakoX MiATBEPIKYIOTh
eKCIIEpUMEHTaJIbHI ~ Ta  PO3PAaxXyHKOBI  3aJIXKHOCTI
PYXJIMBOCTI HOCI1B Bix TOBIIHHE (pHC. 4).
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Puc. 4. 3anexHicTh pyXJIMBOCTI HOCIiB cTpymy (W) Bix
tomuEd  (d) A8 CBDKOBHPONICHHX  IUTIBOK
PbTe (a) i SnTe (6) mpu 300 K. Kpusa 1 — pyxiuBicTh
HOCI{B MpU BpaxyBaHHi PO3CiIOBaHHS Ha MOBEpXHi (L), 2
— pYyXJHBICTh HOCIiB, II0 BPaxOBY€ pPO3CIIOBaHHS Ha
Mexax 3epeH (|,) y MepreHIUKYIAPHOMY 0 MMOBEpPXHi
Hampsimi, 3 — cymapHa pyxmusicts (W) 3rigHo (1), ® —
EKCIIEPUMEHT. [LyppTe)=05 cm?Vc Wy(snTe=190 cm?/Vc.
BugHo, 10 BIUIMB pO3CIIOBaHHA HAa MiXK3EpPEHUX
mexax (u,) st mwiiBok PbTe (puc. 4,2 — kpuBa 2) €

3HAYHO MEHIIMH 1 OCHOBHUI BHECOK Yy PE3YNIbTYIOUY
pyxiuBicTh Jnae audy3He pO3CIIOBaHHSA HOCIB Ha
nosepxHi (W) (puc. 4,a — kpuBa 1), a y miiBkax SnTe
BIUIMB TPaHMIb 3€PEH JIMIIE JEN0 MEHIIUH 3a BIUIUB
noBepxHi. He3HauHWII BHECOK MIK3EPEHHHX MEX Y
PO3CIIOBaHHSI HOCITB 3YMOBIICHUI JOCTaTHBO BEJIMKHM
po3Mipom KPHCTAJIITIB. [Ipu pO3paxyHKax
BUKOPHCTOBYBAJINCh CEPEJHI PO3MIPH KPHUCTAJITIB B
MIepIEeHANKYSIPHOMY HaIPSMKY TaK siK BOHU € Maiike Ha
MOPSTOK MEHIIIMMH HiX y JaTepaibHoMy (puc. 1).

TakuM YHMHOM, BpaxyBaHHS TIOBEPXHEBOTO Ta
MiX3EpEHHOT0 pO3cCitoBaHHs MOKa3aJo noope
CITiBIIaTaHHS pe3yabTaTiB PO3paxyHKiB 3

EKCIICPUMEHTOM, 1[0 BKa3ye Ha JOMIHYBAaHHS ITUX JBOX
MEXaHI3MIB.

BucHoBkn

1. JlocmimkeHO 3ajie)KHOCTI MHMTOMOI MPOBIAOCTI i
PYXJHMBOCTI HOCIIB CTpyMYy sl IUTIBOK TEIypHIY
CBHHIIO Ta OJIOBa, OTPUMAaHUX 3 HapoBoi ¢a3u Ha
nomiamizi (ITM-1) Bix iX TOBIIMHU.

2. 3 ACM-300pakeHb  TOIOJOrd  IOBEPXHI
BHU3HAUYEHO  CEpeaHi  po3MipM  KPHUCTANITIB B
JaTepajibHOMY 1 TIEPIEHIUKYISIPHOMY JIO TIOBEpXHIi
TAKIIaIKK HAIPSIMKaX JUIsl TUTIBOK Pi3HOI TOBIIWHH.

3. BusHayeHo cepenHIo TOBXKHHY BIJIBHOTO MPOOIry
HOCITB CTpyMy Ta iX PYXJIMBOCTI NpW PO3CiIOBaHHI Ha
TIOBEPXHI Ta MK3EPEHHHUX MEXax.

3. IlokazaHo, 1O MOMIHYIOUUMH MeEXaHi3MaMHu Y
wiiBkax PbTe € po3sciroBaHHS HOCIiB Ha MOBEpXHi, a y
iiBKax SNTe Ha MoBepXHi Ta MK3EPEHHUX MeXKax.

ABTOp BHCIIOBIIOE BAsTUHICTB mpod. @peiky .M. 3a
MOCTAaHOBKY 3ajayi, I[iHHI IOpagud Ta OOrOBOPEHHS
PEe3YaBTATIB TOCIIIHKCHHS.

Poboma euxonana y pamkax HAyKo8Ux npoexmie
MOH Vkpainu (Oeporcasni  peecmpayiini  Homepa
0111U001766) ma HAH VYkpainu (depocasnuil
peecmpayiinuii nomepa 0110U006281).
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B.S. Dzundza

I nterfaces I nfluence on the Charge Carriers Scattering
in Lead and Tin Telluride Films

Vasyl Sefanyk PreCarpathian National University
57, Shevchenko Str., Ivano-Frankivsk, 76025, Ukraine, E-mail: fcss@pu.if.ua

Researched the interfaces influence on the charge carriers scattering in lead and tin telluride films deposited on
substrates with polyamide substrate on their thickness are. Established that the dominant role played scattering on the

surface and inter-grain borders.
Key words: lead telluride, tin telluride, scattering, matility.
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