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Po3ciroBaHHSI HOCIIB CTPyMY Yy ILTIBKAX TeJyPHAY 0JI0BA HA MOJiaMigi
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JlocnimxeHo 0coOaMBOCTI MEXaHI3MIB PO3CitOBaHHS HOCIIB CTpyMY Y IUIIBKaX TEIypuLy OJ0Ba, OCAIXKEHOr0 Ha
TAKITIaqKax 3 MOJIiaMiJHOI CTPIYKK BiJ iX TOBIIMHU. BCTaHOBIICHO, IO TOMIHYIOWY POJIb BiIIrpalOTh PO3CiIOBAaHHS Ha

MIOBEPXHI Ta MK3EPEHHMX MEKax.
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Beryn

OcraHHI JECATHIITTS PO3BUTKY (i3MKH TBEPIOTrO
TijJla XapaKTepH3yIOThCSl TUM, [0 OCHOBHUMH 00'€KTaMHU
JIOCITIJPKEHHST BCe B OUIBIIMI Mipi CTaloTh HE MAacCHBHI
KpHUCTaJIM, a TOHKI IUTIBKH, 0araTomapoBi TOHKOIUTIBKOBI
cucremu, HaHocTpyktypu [1,2]. V Takux cucremax
iCTOTHO 3MIHIOETBCS OLTBIIICT €JIEKTPOHHHUX
BJIACTHBOCTEH — BUHUKAE€ BEJIHMKE YHCIO HOBHX, TaK
3BaHHX po3MipHUX edekTiB [3]. Haiibinbin kapauHaabHy
nepeOyIOBY BIACTHBOCTEH MAlOTh KBaHTOBI PO3MIipHI
CTPYKTYpPH, B SKHX BUIbHI HOCIi 3apsay JIOKaJli30BaHi B
OHOMY, JBOX ab0 y BCIX TpbOX KOOPAWHATHHX
HanpsiIMKax, B o0JacTsIX 3 po3mipamu je-bpoiineBckoi
JNOBXHMHM XBuimi. IIpm 1poMy HaOyBaroTh UYHWHHOCTI
3aKOHM KBaHTOBOI MEXaHIKM 1 BijOyBaeThCsl 3MiHa
HAKOTBII (byHIaMeHTaIbHOT XapaKTepUCTUKHU
€JIEKTPOHHOI MiZICUCTEMH — I €HEPreTHYHOTO CHEKTPY.
Sxmo pyx OOMEXEHO B3IOBX OIHOIO 4YH JBOX
HAIPSMKIB, TO TiJ BILUIMBOM 3OBHIIIHIX ITOJIiB MOXYTh
3MIHIOBaTUCS HE TPH, a JHIIE ABI a00 TUIBKM OnIHA i3
KOMITOHEHT IMITYJIbCY €JIEKTPOHIB 1 JIpOK, B pe3yJbTaTi
mpOro Hocii BemyTh cebe sK JABOBUMIpHUE abo
OJIHOMIpHHIA Ta3 BiAmoBiaHO [4].

Jlis TUiBOK TOBIIMHA € THM IapameTpoM, SIKHA
BH3HAYa€ TPAHCIOPTHI BJIACTHBOCTI 1 JIOMIHYIOUI
MeXaHi3MH PO3CitoBaHHS HOCIiB 3apsmy. Tyr, 30kpema,
HEeOoOXiTHO BpaxoBYBaTH pPO3CIIOBaHHS Ha MiX(a3HUX 1
MDXK3EpEHHHX MeXaX, AMCIOKALisSX HEBIIMOBIIHOCTI Ta
iHmmx gedexrax pocry [5-8].

Y  maHifi  poOOTI  MOCTIMKEHO  OCOOJIMBOCTI
MEXaHi3MiB PO3CIIOBaHHS HOCIIB CTpyMYy Y TOHKHX
IUTIBKAaxX TEIypHIY OJI0Ba, OCa/PKEHOro Ha IMiJIKIaiKax 3
MOJTiaMiHOT CTPIYKH BiJ iX TOBIIUHU.

73

|. MeTonnka ekcriepuMeHTYy

[IniBku oOTpuUMyBanM 3 mapoBoi (a3 METOIOM
BiJIKPUTOTO BUIIAPOBYBAHHS y BaKyyMi Ha MiJKIAAKA 3
o aMiTHOT CTpIiUKH TUITY
I[IM-1. Temmneparypa BumapHuka ckiagaita T,=(860-
970) K, a Ttemnepatypa miakmagok T,=(420-520)K.
ToBmMHY KOHOHCATy 3aJaBajld 4acoM OCAJKEHHS B
miamasoHi (4-30) XB Ta BUMIpIOBAIH 3a JOMOMOTOI0
MikpoiHteppepomerpa MUN-4.

BuMmipioBaHHs €NEKTPUYHUX TapaMeTpiB ILTIBOK
MIPOBOJIMIIOCS. HA TIOBITPI NP KIMHATHUX TEMIIEpaTypax
y TOCTIMHMX MAarHiTHUX TOJISIX. BUMiproBaHWil 3pa3ok
MaB YOTHUPH XOJUTIBCBKI 1 JiBa CTPYMOBI KOHTakTu. B
SIKOCTI OMIYHMX KOHTaKTiB BHUKOPHUCTOBYBAIHUCS IUTIBKH
cpibma. Crtpym uyepes 3pasku ckimagaB ~(0,1-1) MA.
MarHiTHe MoOJe HANpSMIIUIOCS TEPIEHAUKYISPHO 0
MOBEpPXHIi TWTiBOK NpH iHAYKWiT 1,5 T

OTpuMaHi 3pa3Kd  JOCHTIDKYBAJIHCS  METOAaMHU
aTtoMHO-cHIoBOi Mikpockomii (ACM) Nanoscope 3a
Dimention 3000 (Digital Instruments USA) y pexumi
MepiOANMYHOr0 KOHTAaKTy. BuMipioBaHHS TNpoBeleHi B
LUEHTPANbHIM YacTHHI 3pa3KiB 3  BHUKOPUCTAHHSIM
cepirianx kpemHieBuxX 30HAIB NSG-11 i3 HOMiHAJIEHUM
pamiycom 3akpyrimennst Bictps mo 10 um (NTOMDT,
Pocis). 3a pesynpraramu ACM  1ocmikeHb Kpim
TEXHONOriT TOBepXHI Ta mnpodiiorpaMm Yy mporpami
WSxM 4.0 Devdop 104 BusHaueHi po3MipH
HAHOKPHCTAIIIB Y JIaATEPaJbHOMY HAIPSMKY, BHCOTY Ta
LIOPCTKICTh ITOBEPXHI.
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ACM-300paxeHHss Ta npogiorpaMu ILTIBOK HaBEIEHO
Ha puc. 1. BuaHo, mo ozaepkaHi BOHHM CKJIaIarOThCS 3
HAHOPO3MIPHHUX KpPHUCTANITIB mipaMifanbHOi Qopmu. 3
npodinorpad BH3HAUCHO 3aJICKHOCTI CEPEIHIX PO3MIpIB
KPHUCTAJITIB Yy JaTepallbHOMY 1 IEPIEeHIUKYIIPHOMY
HAampsMKax Bix ToBHIMHM tuiiBkH (puc. 2.). I3
3pOCT@HHSM TOBIIMHHM PO3MIPH KPHUCTAIITIB TaKOXK
30LIBLIYIOTBCS B 000X HampsMKax 3 BHXOAOM Ha

HACHYCHHS MPU TOBIIMHA OLIbIIE 2 MKM.
D, am

200 1
1501
100 -

50 -

0 . . . . ;

0 0,5 1 15 2 2,5 d, Mmxm

Puc. 2. 3anexHicTh cepeqHiX pO3MIpIB KPUCTATITIB

mwiiBok  SNTETIM-1 y  narepampHoMy  (0) i

MEePIeHNKYIIpHOMY (@) 10 TOBEepXHi MMiAKIAAKA
HAIpsIMKax BiJl TOBIIWHHU IUTIBKH.
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1. EnemenTn Teopii

3a yMOBH NepeBakaHHs PO3CIIOBaHHS HOCIIB CTpyMY
Ha moBepxHi (W) 1 Mexax 3epeH (|), TUTOMHIl Ormip
IUTIBOK BU3HAYAEThCS MpaBmioM Martticena [7]. Skio
KOHIICHTpAIIisl HOCITB 1 epeKTHBHA Maca € CTAJIUMH, TOI

11,1 o

)
m m m
JIe | — €KCIICpUMCHTAIBHO BU3HAUCHA PYXJIMBICTb.
Yac Mix JOBOMa aKTaMH PO3CIIOBAaHHS Ha MeEXKax
KPHUCTAITIB T, BU3HAYAETHCS K
t,=Du’, 2
e V — TEIUIOBA IIBHJKICTH HOCITB, fKa y BHUIIAIKY
BHUPODKEHHS, HE 3alIeKHUTh Big Temrepatypu. Jns
TEIYpUIy OJIOBa TeMIlepaTypa BHUPODKCHHS BEIHMKa
yepes BHCOKY KoHueHTpamito HociiB (~10° com?)
BHACJIIJIOK 3HAYHOTO BIIXWJICHHS BiJ[ CTEXiOMETPHYHOTO
cknany. Ipu upomy 3rigsHo [6]:

-1
2 no
:_qDaéi_g , A3)
h &po
ne D — cepenniit po3Mip 3epHa, (| — 3aps HOCIiB, N —
KOHIIEHTpaIIis HOCiiB, h — cTana [TnanHka.
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Po3citoBaHHA HOCITB CTPpYyMy Y NAiBKax Telypuay 0/10Ba Ha nosiamigi

PyxnmuBicTh HOCIIB CTpyMy y BHIIQAKY IU(Y3HOTO
PO3CifOBaHHS Ha MOBEPXHi BU3HAYAETHCS SIK [7]:

m, =m, (L+1 /d)™*. (4)
Tyt A — cepenHs JOBKUHA BIIBHOIO MPOOITy HOCITB, L, —
PYXJIHMBICTh 00’ €EMHOTO MaTepiaiy.

Brigno mogeni Teiinmepa [9] poscitoBaHHS HOCITB
3apsay Ha MeXaX 3epPeH OMUCYETHCS YacoM pejlakcalii Ty
TaKUM YMHOM, IO A =TgL, ¢ A — ¢DEKTUBHMI CepeIHi
BUIbHUI MpOOIr HOCIiB 3apsiiy y HECKIHUEHHO TOBCTIH
roniBmi. Toxal

s:sog-g _TT_H' (5)

TyT 69 — IMTOMa ENEeKTPONPOBIIHICTh Y HECKIHUEHO

toBctiil wriBmi. PiBHsHHA (5) BUpaXaroTh mpsAMY JiHIiI0
— -1
y = A £ BX y koopaunarax ¢ ~d-,

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

I3 pieusuas (5) BHIUIMBae, IO TOpsAMa  JIiHis
nepecikae Bice opmumar mpu d' — O y Toui, mIO
BU3HAYa€ Gp. TaHreHC KyTa HaXWiIy HpsSMOi BU3HA4ae
BEJIMYUHY B SIKY BXOAUTH A. SIkiio posrispatu nudysHe
posciroBanHs (T06T0 P=0), TO MOXHA BU3HAYHTH A i Po.

BusHaumBLwK A0OBXMHY BinbHOro npobiry (A) (puc. 3),
Ta BuKopucTaswu dopmyay (4) Maemo 3anexHictb
NOBEPXHEBOI PYX/IMBOCTI W, Bif TOBLWMHW. AHANOri4yHO
Maloun  cepegHin  po3mip  Kpuctanitis (D) Ta
eKcnepuMmeHTaNbHe 3HayeHHA KoHueHTpauii (Ny) i3
supasy (3)

BPaxoBYyE

OTPUMYEMO BE/IMYMHY PYX/IMBOCTI  fIKA

BM/MB PO3CilOBAaHHA HOCIIB CTpyMy Ha

MixK3epeHHUX meKax ().

[11.Pe3yJbTaT eKciepuMeHTy Ta ixX
00roBOpeHHs

Ha puc. 3 mpencraBieHa eKkcriepUMEHTalbHA
3aJIeKHOCTH ITUTOMOI €IEKTPOIIPOBIIHOCTI Bl 00epHEHOT
TOBUIMHU  TUTIBKK. J{Js1  KIMHATHUX  TeMIlepaTyp
BU3HAYEHA CepeHs JOBXHMHA BULIFHOTO IMPOOIry HOCIIB
CTpyMy B IHJ‘IiBKaX ShTe/TIM-1cknanae A=260 HMm.

G, OM CM
25001

20001
15001
10001

500

0 r : . .
0 2 4 6 8 10 1/d, mxm’
Puc. 3. 3anexHicTb NUTOMOI NPOBIAHOCTI Big ob6epHeHOi
ToBWMHM ana naisok SNTe/MM-1 npu temnepatypi 300

K. 0o= 2146,4 Om™cm™, A=0,26 mkm.

3BepHEMO yBary Ha xXapakTep TOBIIHUHOI 3aJISKHOCTI
MTUTOMOI €JIEKTPOIPOBIIHOCTI NMPU 3MEHIIEHHI TOBIIMHU
BoHa pisko cmamae (puc. 3). Takuit xapaktep
MPOBITHOCTI MOXKHA TIOSICHUTH BIUIMBOM JTU(Y3HOTO
PO3CitOBaHHS HOCITB Ha ITOBEPXHI, K€ CTAE JTOMiIHYIOUHM
B 0o0nacTi Majux TOBIIMH. lle TakoX IiATBEPIKYIOTh
eKCIIEpUMEHTaJIbHI ~ Ta  PO3PAaxXyHKOBI  3aJIeXKHOCTI
pyxiuBOCTI HOCiiB Bim ToBumHH (puc. 4). Bumwo, 1o
BIUTHB PO3CIIOBaHHS Ha MiK3epeHUX Mexax (|,) (puc. 4 —
KpuBa 2) € JIeII0 MCHINHA 1 OCHOBHHH BHECOK Y
PE3YABTYIOUY PYXJIUBICTh Aae nudy3HE pPO3CIIOBAHHS
HOCiiB Ha moBepxHi (W) (puc. 4 — kpuBa 1). Hesnaunwuii
BHECOK MDK3EPEHHHX MEX Y pO3CIIOBaHHS HOCIIB
3YMOBJICHHH JOCTAaTHBO BEJIMKUM PO3MIPOM KPHCTAIIITIB.
[Ipu po3paxyHKax BHKOPHCTOBYBAINCH CEpelHI po3Mipu
KPHUCTAJITIB B NEPHEHANKYISIPHOMY HAIPAMKY Tak SIK

BOHM € Maibke Ha TOPSJOK MEHIIUMH HiK Y
narepanbHOMY (pHcC. 1).

TakuM YHMHOM, BpaxyBaHHS TOBEPXHEBOTO Ta
MIX3EpEHHOT0 PpO3cCitoBaHHs MOKa3ajo noope
CIIiBIIaIaHHS pe3yabTaTiB PO3paxyHKIB 3

EKCIICPUMEHTOM, 1[0 BKa3ye Ha JOMIHYBAaHHS ITUX TBOX
MEXaHI3MiB.
u, cM/B ¢

3001
2501
2001
150 1
1001

0 ; : . : .
0 0,5 1 1,5 2 2,5 d, MM
Puc. 4. 3anexHicTh pyXJIHMBOCTI HOCIiB cTpymy (W) Bix
tomuEd  (d) A8 CBDKOBHPONICHHX  IUTIBOK
SnTe/TIM-1 npu 300 K. Kpusa 1 — pyxiuBicTh HOCITB
OpU BpaxyBaHHI PO3CiIOBaHHS Ha MoBepXHi (U), 2 —
PYXJIMBICTb HOCIIB, 110 BPaXxOBYE PO3CIIOBAaHHS Ha MEXax
3epeH (W,) Y MEepIeHANKYIAPHOMY 0 MOBEPXHI HATIPSIMI,
3 — cymapHa pyxuuBicTe (W)
excriepuMeHT. [1,=190 cm?/Vc.

srimio (1), * -

BucHoBkn

1. JlocmimkeHO 3ajie)KHOCTI MHMTOMOI MPOBIAOCTI i
PYXJIMBOCTI HOCIiB CTpyMY IUIs TUTIBOK TEIypHAIY OJIOBa,
OTpUMaHKX 3 mapoBoi (asu Ha momiamiai ([IM-1) Bix ix
TOBIIWHHU.

2. 3 ACM-300pakeHb  TOIOJOrid IOBEPXHI
BHU3HAUYEHO  CEpeaHi  po3MipM  KPHUCTANITIB B
JaTepajibHOMY 1 TIEPIEHIUKYISIPHOMY JIO TIOBEpXHIi
MAKIaIKU HAIPsIMKaX JUIsl TUTIBOK Pi3HOI TOBIIWHH.

3. BusHayeHo cepenHio TOBXKHMHY BIJIBHOTO MPOOITy
HOCITB CTpyMy Ta iX PYXJIMBOCTI NpW PO3CiIOBaHHI Ha
TIOBEPXHI Ta M)K3EPEHHHUX MEXax.
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3. TlokazaHo, 1O JOMIHYIOYMMH MEXaHI3MaMH €
mudy3He po3citoBaHHS HOCIIB Ha TMOBEpXHI Ta
MIX3EpEHHHUX MEXax.

Poboma euxonana y pamkax HAyKoeux npoexmie
DDl Vpainu (Oepoicasni peecmpayitini  Homepa
0110U007674, 0111U004951) ma HAH VYkpainu
(0eporcasnuti peecmpayitinuti nomepa 0110U006281).
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The peculiarities of carriers scattering mechanisms in tin telluride films deposited on substrates with polyamide
tape on their thickness. Established that the dominant role played scattering on the surface and between grains within.
Keywords: tin telluride, scattering, carriers mobility.
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