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Po3ciroBaHHSI HOCIIB CTPYMY B HAHOCTPYKTYpPax
Ha OCHOBI TeJIypHU/IiB CBHHIIO Ta 0JI0BA

Y®isuro-ximiunuii incmumym Ipuxapnamcbkozo nayionanshozo yrieepcumemy ivmeni Bacuns Cmeganuxa,
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2IHcmumym MonekynapHoi i amomnoi ¢izuxu HAHPB,
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JocnimkeHo 0coONMBOCTI MEXaHI3MIB PO3CiIOBaHHS HOCIIB CTpyMy Y HAHOCTPYKTYpax TEIypHAY CBUHIIO,
0Ca/PKEHOr0 Ha MiJKIagKaxX 3 IOJiaMiZHOI CTPIYKM Ta TENypuay OJI0Ba, OCa/UKCHOrO Ha CIIOJY BiJl TOBILIMHH.
BcTaHOBIIEHO, 110 JOMiHYOYA POJIb PO3CIFOBaHHS Ha MOBEPXHI UM MDK3EPCHHUX MEKaX BU3HAYAETHCS CTPYKTYPHHM

CTaHOM KOHJIEHCATIB.
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Beryn

OcraHHI JAECATWIITTS PO3BUTKY (I3UKH TBEPAOTO
Tida XapakTepU3yIOThCSA THM, IO OCHOBHUMH 00'€KTaMH
JOCTIJKCHHST Bce B OLNBIIMM Mipi CTalOTh HE MacCHBHI
KpHCTaJIH, a TOHKI IUTiIBKH, 0araTomapoBi TOHKOILTIBKOBI
CHCTEMH, HaHOCTPYKTYpH. Y TaKHX CHCTEMax iCTOTHO
3MIHIOEThCA OUTBIIICTH EIEKTPOHHUX BIACTUBOCTEH —
BUHHKAE BEJHMKE YHCIO HOBHUX, TaK 3BAHUX PO3MIpHHX
epextiB.  Haifbimpm  kapauHambHY — TepeOyIoBY
BJIACTHUBOCTEH MaroTh KBAHTOBI PO3MipHI CTPYKTypH, B
SAKHMX BUIBbHI HOCIT 3apsiy JIOKali30BaHi B OJHOMY, JBOX
a60 y BCiX TPbOX KOOPAWHATHUX HAIIPSIMKAaX, B 00NACTIX
3 po3mipamu ae-bpoiineBckoi momxuHE XBuii. [lpu
1IbOMY Ha0YBalOTh YNHHOCTI 3aKOHM KBAHTOBOI MEXaHIKH
i BigOyBaeTbcs 3MiHA HaWOLIBII (yHIAMEHTAIBHOI
XapaKTEePUCTHKH  CIEKTPOHHOI  IiICHUCTEMHU i
SHEepreTUYHOr0 CHEKTPY. SIKIo pyX OOMEXEHO B3IIOBXK
OJTHOTO YH JIBOX HAINPSMKIB, TO ITiJ] BIUTHBOM 30BHIIIHIX
MOJIB MOXKYTh 3MIHIOBATHCS HE TpH, a JHIIC IBI a0o
TUTBKY OJHA 13 KOMIIOHEHT IMITYJTCY €JIEKTPOHIB i AipOK,
B pe3yabTaTi IFOTO HOCII BeAyTh ceOc SK TBOBUMipHHA
a00 OJIHOMipHHUI Ta3 BiATOBITHO.

JUis IUTIBOK TOBIIMHA € THM IapaMeTpoM, SKHH
BU3HAYA€ TPAHCIOPTHI BJIACTUBOCTI 1 JOMIiHYIOYi
MEXaHi3MHU PO3CilOBaHHs HOCIiB 3apsmy. TyT, 30kpema,
HEOOXiTHO BPaxOBYBAaTH PO3CiIIOBaHHS Ha MiXK(a3zHUX 1
MDK3EpEeHHHX MekaX, AUCIOKAIlifX HEBIAIOBITHOCTI Ta
iHmmx nedekrax pocry [1-4].

Y  mamiii  po0OOTI  IOCHIIKEHO  OCOOIUBOCTI
MEXaHI3MIB pO3CIIOBaHHS HOCIiB CTpyMy YV IDTiBKaxX
TENYypHUIy CBHHIO, OC3/DKCHOIO Ha MiAKIagKax 3
MOJTIaMiTHOT CTPIYKH Ta TEIYpPHUIY OJI0BA, OCaPKCHOTO Ha
CJIFO/TY BiJl TOBLIWHH.
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. MeToanka eKCliepUMEHTY

HanoctpykTypu orpumyBaiu 3 mnapoBoi dasu
METOZOM BiAKPHUTOTO BHUIIAPOBYBaHHS y BakyyMmi Ha
MAKIagKA 3 rnoJamMigHol CTpPIUKH THUILY
[IM-1 Ta cBixkux ckoxiB (0001) ciaroau-MyCKOBIT THIY
CTA. Temneparypa BumapHuka ckmagana T,=970K, a
Temmeparypa migknagok T,=(420-520) K. Tosumny
KOHJIHCATY 3a/IaBalld 4acoM OCA/DKEHHs B Jiama3oni (2-
60) xB Ta KOHTPOJIIOBAIIN 3a JIOTIOMOT 010
MikpoinTeppepomerpa MUM-4.

BumiproBanas €JIEKTPUYHUX napameTpiB
HAHOCTPYKTYpP MPOBOJMUIIOCS Ha TOBITPi NMPU KiIMHATHUX
TeMIeparypax y  TIOCTIHHUX  MAarHIiTHUX  TIOJISIX.
BumiproBanuii 3pa3ok MaB YOTHUPU XOJIIIBCHKI 1 JBa
CTPYMOBI KOHTakTH. B sKOCTI OMIYHHX KOHTaKTiB
BUKOPHCTOBYBAJINCS ILTIBKH cpibna. CTpyM depes 3pasKu
cxnanas ~(0,1-1) MA. MarHiTHe TOJNE HANPSIMILIOCS
MEPICHIUKYISAPHO O TMOBEPXHI IUTIBOK IPH IHAYKIIT
2Tn.

OTpuMaHi 3pa3Kd  JIOCHIDKYBAJIHUCS  METOJAMH
aTOMHO-cHI0OBOi  Mikpockomii (ACM) Nanoscope 3a
Dimention 3000 (Digital Instruments USA) y pexumi
MEepiOAMYHOTO KOHTAaKTy. BHMiproBaHHSA TNpoBeIeHI B
HEHTpPaJbHIM YacTMHI 3pa3KiB 3 BHKOPHUCTaHHAM
cepiiiuux kpemHieBux 30HAIB NSG-11 i3 HOMiHAIBHUM
pagiycom 3akpyriensst Bictps go 10 am (NTOMDT,
Pocist). 3a pesyapraramu ACM  [OCHiIKEHb KpiM
TEXHOJIOTII TIOBEpXHI Ta mpodiorpaMm y mporpami
WSxM 4.0 Develop 104 BusHaueHni po3mipu
HAHOKPHCTAJIIB y JIATePaJbHOMY HAIIPSAMKY, BHCOTY Ta
MIOPCTKICTh MIOBEPXHI.
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Puc. 1. ACM-300paxeHHs (a) i mpodinorpamu (0) HarnocTpykTyp PbTe Ha nomiamini (A) Ta SnTe Ha ckonax (0001)
cmonu (B). Temneparypa sunaposysanus T, = 970 K, remneparypa ocamkenns T, = 420 K, yac ocamkenus t = 30 xB.

ACM-300paxkeHHd Ta mpodiorpaMu HaHOCTPYKTYp
HaBeleHO Ha puc. 1. BunmHo, mo oxepxaHi CTpyKTypu
CKJIaJJaf0ThCs 3 HaHOPO3MIpPHHUX KpHUCTAJITiB
mipaminansHoi Qopmu. s Hanoctpyktyp PbTe Ha
MOJIiaMiTHUX MiTKIagKaX CePeIHi pO3MipH KPHUCTAIITIB y
HEePIEeHANKYISIPHOMY 0 TIOBEPXHI HAMPSMKY CKJIaJal0Th
~560 uM, a y marepamproMy ~40uM (puc. 1, A) i €
3HAYHO OUIBLIMMHU SIK AJIsI CTPYKTYp SnTe Ha cirofi st
akux 1 po3mipu cknamarote ~200 HM 1 ~20 HM
BiAIIOBiHO.

1. EnemenTn Teopii

3a yMOBH NepeBakaHHS PO3CIIOBaHHA HOCI{B CTpyMy
Ha moBepxHi (u) 1 Mexax 3epeH (W), THTOMHE OTIip
IUTIBOK BH3HAYa€ThCs npasuioM Marricena [3]. Skmio
KOHIICHTPAIIiS HOCIIB 1 e()eKTHBHA Maca € CTaJIMMHU, TOJi

1_1, 1 (1)

Pl e T

mm m’

AC L — €KCIICPUMCHTAJIbLHO BU3HAYCHA pyXHI/IBiCTB.
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Yac MiX JBOMa aKTaMH PO3CIIOBAHHS Ha MeEkax
KpPHUCTAJITIB T, BU3HAYAETHCA K
t =pul, @
Je V — TemjaoBa MIBHIAKICTh HOCIiB, SIKA Yy BHUMAIKY
BUPOJDKEHHS, HE 3aJ€XHTh Bix Temmeparypu. Jlius
XAJIBKOTEHIIIB CBUHINIO 1 TEIYpHIy OJIOBa TeMmIlepaTypa
BUPOKCHHS BEJIMKA Yepe3 BUCOKY KOHIICHTPAIIIIO HOCIiB
BHACJIIIOK 3HAYHOIO BiAXWJIEHHS BiJl CTEXiOMETPUYHOIO
cknany. [Ipu oMy 3rigso [2]:
2q_a8nd 1/3
=—D¢g—= ©)
h &p g
ne D — cepenniii po3mip 3epHa, ( — 3apsa HOCIiB, N —
KOHIIEHTpAI[ist HOCIiB, h — cTana [Tnanka.

PyxsuBicTh HOCITB CTpyMy y BHUNAAKY IU(Y3HOTO
PO3CilOBaHHS Ha MOBEPXHi BU3HAYAETHCS SK [3]:

m, =m @+ /d)"* 4
TyT A — cepenHs JOBXKIHA BUTFHOTO MPOOIry HOCIIB, [, —
PYXJIUBICTh 00’ €EMHOTO MaTepiany.
3rinno mopgeni Teinepa [5] posciroBaHHS HOCITB
3apsily Ha MeXax 3epeH OMUCYEThCS YacoM peakcallii To
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TaKUM YHWHOM, IO A =TgL, Je A — ePeKTUBHUHN cepeaHiit
BITBHUH MPOOIr HOCIiB 3apAay y HECKIHUEHHO TOBCTIH
wrBmi. Tomi

(1- P)i

5.3, @-P)
8 d H

S :SO"'

(5)

TyT 69 — MUTOMA ENEeKTPOIPOBIAHICTE Y HECKIHICHO
TOBCTi# miBui. PiBHsHHS (5) BUpaXaroTh NPsIMY JTiHIIO
-1
y = A + BX y koopauHarax ¢ ~d~,

ne A =oq, B = -SSOI @- pP).

I3 piBasuas  (5) BuUIUTHBaEe, 10 TpsAMa JIiHisA
rmepecikae BiCh OpIMHAT TIPU dt - 0 y TouIi, MmO
BH3HAYa€ Gp. TaHreHC KyTa HaXWIy MpsSMOi BH3HAYAE
BENIMYMHY B SIKY BXOAUTH A. SIKIIo po3riisgatu qudysHe
po3citoBanHs (To6to P=0), To MOXHa BU3HAYUTHU A 1 Po.

Bu3HauuBIIKM JOBXUHY BiibHOro mpobiry (A)
(puc. 2, puc. 4), ta Bukopucrasiu popmyny (4) maemo
3aJISKHICTh TIOBEPXHEBOI PYXJIMBOCTI [, BiJ TOBIIHHHU.
Awnayoriuao cepenniii posmip kpucramitis (D) Ta
eKCIIEpUMEHTalIbHE 3HAa4YeHHs KoHueHtpamii (Ny) i3
Bupasy (3) OTpHUMyeEMO BEJIMYHHY PYXJIHUBOCTI sKa
BpPaxoBye BIUIMB pO3CIIOBaHHA HOCIiB CTpyMy Ha
MiK3epeHHUX Mexax (LL,).

[11.Pe3yJpTaTH eKClIEPUMEHTY Ta iX
00roBOpeHH

Ha puc. 2, puc. 4 npeacraBjieHi eKCICPUMEHTAIbHI
3aJISKHOCTI MUTOMO] €JIEKTPOIPOBITHOCTI BiJl 00epHEHO]
TOBUIMHK HaHOCTPYKTYyp. Jlyisi KiIMHAaTHHX TeMmeparyp
BU3HAYCHA CEPEIHs JOBXKHMHA BUILHOTO MPOOIry HOCITB
cTpymy B ctpykrypax [IM-1/PbTe ckinagae A=260 um, a
B (0001)CTA/SnTe BoHa € 3HAYHO OLIBIIOO
A=1,3 mxm. [pu migsumenHi temmeparypu qo 360 K A
3MeHIIyeThes i cTaHoBUTH 0,7 MkM (puc. 4).

3BepHEMO yBary Ha pi3HHH XapakTep TOBIIMHHHUX
3aJIe)KHOCTE TMHUTOMOI eneKTpomnpoBiaHocTi (puc. 2,
puc. 4). Tak, skuo s HaHoctpykryp [IM-1/PbTe npu
3MCHILICHHI TOBLIMHH BOHA cmagae (puc.2), TO s
(0O001)CTA/SnTe — 3poctae (puc. 4). Takuii xapakrtep
MPOBITHOCTI MOXHA TMOSICHUTH BIUTUBOM JHU(Y3HOTO
PO3CiOBaHHS HOCIiB Ha MOBEPXHI, K€ CTA€ JOMIHYIOUHM

B 00nacTi Majux TOBIIMH Yy KPYIHO3EPHUCTUX

o, Om'em”
0,8

-~ L ]
0,0 1

[ ]
]
0.4 5
0,2
0
0 2 4 6 1/d mxem”

Puc. 2. 3anexHiCTh TUTOMOI MPOBITHOCTI BiJ 00epHEHOT
ToBuMHKE s ctpykryp [IM-1/PbTe npu temmneparypi
300 K. 60=0,7 Omem™, A=0,26 mxm.
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Puc. 3. 3anexHiCTh pyXJIHUBOCTI HOCIIB cTpymy (1) Big
toBiuHA d 171t CBi>koBHpOIeHNX cTpykTyp [IM-1/PhTe.
KpuBa 1 PYXJIMBICTH HOCIIB TpH BpaxyBaHHI
po3citoBaHHsT Ha TOBepXHi (W), 2 — PyXJIHUBICTh HOCIiB
IO BPaxoOBYe PO3CIFOBAaHHA Ha MDK3EPCHHHX Mexax (L),
3 — pesymbrytoua pyximBicte (u) 3rimHo (1), ¢ —
eKxcriepuMenT. [1,=65 cm¥Vc, D =40 nm.

G, 10" Om'em’”

164
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Puc. 4. 3anexHicTh NUTOMOI NPOBITHOCTI CTPYKTYp
(0001)CTA/SnTe Bix o6epuenoi Tosimuau mpu 300 K (a)
(66=965 Om'em™, A=1,38 mxm) Ta 360 K (6) (6,950
omlem?, A=0,7 MKM).

HaHocTpykTypax [IM-1/PbTe (puc. 1,A). Ile Takox
MiATBEPIKYIOTh EKCIEPHUMEHTAIBHI Ta PO3pPaxyHKOBI
3aJIe)KHOCTI PYXJIMBOCTI HOCIiB Bij ToBiiuHH (puc. 3).
BuzHO, 0 BIUIMB PO3CIIOBaHHS HA MIXK3EPEHHX MEXax
(1s) (puc. 3 — kpuBa 2) € He3HAYHUIA i OCHOBHHUI BHECOK
y Pe3yJbTYIOUy PYXJHBICTh Ja€ AU(Y3HE PO3CiFOBaHHS



B.J. A3ynn3a, B.B. bauyk, I'.€. Manamkesnd, O.JI. Cokomnos

HOCiiB Ha moBepxHi (W) (puc. 3 — kpusa 1). Hesnaunuit
BHECOK MDK3EPEHHHX MeEX Yy pO3CIIOBaHHS HOCIIB
3yMOBJICHHI JOCTAaTHHO BEIUKHM PO3MIpPOM KPHCTANTITIB
Ta TMOPIBHSIHO HEBEIUKOK KOHIEHTpaIi€o HociiB (1-2)
10" em®,

Y nanoctpyktypax  (0001)CTA/SnTe  BmiuB
MDXK3EpEHHOTO PpO3CIIOBaHHSI € 3HAYHO CHJIBHIIIHA
(puc. 5 — xpuBi 2) 3aBISKH JOCHUTH MallUM PO3Mipam
KPHUCTANITIB y JIaTepAILHOMY HAmpsIMKy Ta BHCOKIH
koHIeHTpanii HociiB N~(1-3) 10% cm™. Menmmii BHecoK
IUQY3HOTO PpO3CIIOBaHHA TIIOB'3aHUIl 13 HE3HAYHOIO
noBepxHeto mopcerkictio (0001)CTA/SnTe (puc. 1, B).

IIpu BpaxyBaHHI JaTepanbHUX PO3MIpPiB KPUCTAIITIB
(D)=200 HM) iX BIUIMB y PYXJIMBICTH HOCIiiB BHSBHBCS
HesHayHuM (puc. 6 — kpuBi 2), Tak, SK BOHHU
nepeBuIIyOTh BUcOTy KpucrtanmitiB (D1=20 uM) Ha

NMOPAAOK BENMYMHH. TakuM YHHOM, BpaxyBaHHS
MOBEPXHEBOIO Ta MDK3EPEHHOTO pO3CIFOBaHHSA IS
HaHOCTPYKTYp (0OOL)CTA/SnTe mokazano no0pe
CHiBIaTaHHS pe3yIbTaTiB PO3paxyHKiB 3

eKCIIEPUMEHTOM, 110 BKa3y€ Ha JIOMiHYBaHHS ITMX JBOX
MEXaHi3MiB.
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Puc. 5. 3anexHicTs pyXJIHBOCTI HOCIIB cTpymy (1) Big
toBmEd  (d) T CBDKOBHUPOLICHHX  CTPYKTYP

(0001)CTA/SnTe mpu 300 K (a) ta 360 K (6). Kpupa 1 —
PYXJIMBICTh HOCIiB TpPH BpaxyBaHHI pO3CIIOBaHHA Ha
noBepxHi (W), 2 — PYXJIHMBICTH HOCIiB, IO BPaxoBYE
PO3citoBaHHS Ha Mexax 3epeH (1) y
MePHEeHINKYIIPHOMY 110 oBepxHi Hanpsami (D1=20 um),
3 cymapua pyxmuBicts (W) 3rigao (1),
eKxcriepuMenT. [1,=120 cm?/Vc.
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Puc. 6. 3anexHiCTh pyXJIHUBOCTI HOCIIB cTpymy (1) Big
toBmuEA  (d) T CBIKOBHUPOLICHHX  CTPYKTYP
(0001)CTA/SnTe npu 300 K (a) ta 360 K (6). Kpusa 1 —
PYXJIMBICTH HOCIiB TIpHM BpaxyBaHHI pO3CiIOBaHHSI Ha
moBepxHi (l,), 2 — PYXJIMBICTh HOCIIB IO BPaxoBY€
posciroBaHHs (l1;) Ha MeXaxX 3epeH Y JiaTepaJbHOMY
Hanpsami (Dy=200 mM), 3 — cymapHa pyxmmBicTb (I1)
3rizmo (1), ¢ — excriepument. 1,=120 cm?/V.

Bucnosku

1. JlocmimKeHO 3aJeXKHOCTI IMHTOMOI TPOBIMOCTI i
PYXJIMBOCTI HOCIIB CTPYMY IUISl HAHOCTPYKTYP TEIYPUILY
CBHMHIIO Ta OJOBa OTPHUMAaHMX 3 mapoBoi ¢(asu Ha
nomamini (ITM-1) ta cmoxi (CTA) BiamosigHO Bim ix
TOBLIMHH.

2. Bu3Ha4yeHO CepelHI0 JIOBXKHHY BIJIBHOTO MpoOiry
HOCIiB CTpyMy IJIsI HAaHOCTPYKTYp Ta Ta iX pyXJIMBOCTI
IPU PO3CIIOBaHHI Ha MOBEPXHI Ta MIX3EPEHHUX MeXKax.

3. Tlokazano, mO JOMIHYIOYHM MEXaHI3MOM
po3citoBaHHs HOCIiB y HaHOCTpykTypax [IM-1/PbTe e
IuQy3He  pO3CilOBaHHI Ha  MOBEpPXHi, a Ui
(O001)CTA/SnTe — Ha moOBepXHI Ta MDK3EPCHHHX
MeEKax.

Aemopu BUCI08TI0I0Mb 80AUHIiCMb npog.
Dpeixy .M. 3a nocmanosky 3a0au OOCHIONCEHH
002080peHHs IX pe3yibmamis.

Poboma uacmkoeo ¢hinancyemocss MOH Yxpainu
(0eporcasnuii peeccmpayitinuti nomep 0109U001414) ma
JOD]] MOH Vkpainu (depocasnuii peeccmpayitinuil
nomep 0109U004505), HAH Ykpainu (npoexm 6 pamkax
npozpamu «@Dyndamenmanvhi npobiemu
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HAHOCMPYKIMYPHUX cucmenm, HaHOMAmepianis,
HanomexHono2i», 0o2osip Ne 13/10-H).
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The peculiarities scattering mechanisms of charge carriers in lead telluride nanostructures deposited on
polyamide film substrates and tin telluride deposited on mica from thickness are defined. Established that the
dominant role of scattering on the surface or between grain boundary defined structural state of condensates.
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