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OTtpuMaHO BHpa3H Ul Yacy pesakcauii i pyX/IMBOCTi eeKTPOHIB Ta CTATUYHOI €IEeKTPOIPOBIAHOCTI KBAHTOBOTO
HAIIBIPOBIHUKOBOTO JIPOTY, SIKi BU3HAYAIOTHCS BUIIAJKOBHUM IIOJIEM, 3yMOBJICHHM IayCCIBCBKUMHU (IIyKTyarisiMu
TOBIIMHK JIPOTY. PO3IVISIHYTO BIUIMB CHJIBHOTO KBaHTYHOYOTO MArHiTHOTO IOJIs, HANPSIMICHOTO B3JOBXK JOBXKUHU
mpoty. V HEBHPOMKCHOMY BHITALKY i HE3bKHX TEMIIEPATYpax PyXIHBiCT eIEKTPOHIB u, ~ T2,

KunrouoBi c1oBa: raycciscbki (uryKTyariii, KBAaHTOBHH HAIliBIPOBITHUKOBHH JIPIT, 9ac pelakcarii, pyxXJIUBiCTb,

CTaTHYHA EJIEeKTPOIPOBITHICTS.

Cmamms nocmynuna 0o pedakyii 26.08.2003; npuiinama 0o opyky 16.09.2003.

1. B TOHKMX [JpOTHKAaX BHM3HAYaJIbHHM CTae€
KBaHTYBaHHS EJIEKTPOHHOIO EHEPreTHYHOro CIIEKTpa.
Take KBaHTYBaHHSI BHUSBIISETHCS B SIBUILI MPOBITHOCTI.
Joro mposiB CyTTEBO 3alEKHTB Bl Pi3HHX MEXaHi3MiB
pO3CiloBaHHSl HOCIiB CTpyMy B KBa3i0JHOBHMIipHUX
cucreMax, sKi  BaXJIMBI  JUIL  3aCTOCyBaHb Y
HaHoeJeKTpoHili. Cy4acHi TEXHOJIOTI] HEe BUKIIOYAIOTh
MOXJIMBOCTI 1CHYBaHHSI BUIIQJIKOBOTO I10JISI, TIOB SI3aHOTO

3 GbaykTyanismu TOBIIUHA KBaHTOBHX
HAIBIPOBIMHUKOBUX JAPOTHKIB. MeTolo poboTH €
BU3HAUYEHHS  BIUIMBY  Takux  (QIyKTyamid  Ha

€JICKTPOMPOBITHICTh Ta MOPIBHSAHHS i3 BINTUBOM 1HIINX
MEXaHi3MIB PpO3CiIOBaHH], BIZOMHX 3 JITEpaTypHUX
maamx  [1-3]. Kpim TOro, pO3IIsMHYTO  BIUIMB
KBaHTYIO40T'O MaFHiTHOFO 10JiA, HalIpAMJICHOTO B310BK

h2

JIOBXKHHH JPOTY.

2. PosrinsiHEMO MOJIETb KBaHTOBOTO
HariBIPOBITHUKOBOTO JIPOTY 3 MONEepeYHUMU
po3Mipamu, 0OMeXeHHMH 110 ToBLIMHI d (B HAaIIpsAMKY oci
Z) OIHOBHMIPHOK TOTEHIaIbHOI0 Mol  V(z) 3
HECKiHYEHHO BHCOKMMH CTiHKaMH 1 To ImupuHi (B
HanpsIMKy y) napaboJliyuM MOTEeHIialoM By2 (B >0).
[Mocriiine MarHiTHe mnone H HampsMmieHO B3IOBX
JOBXHMHU ApoTy (OCi X); CKJIaIOBi BEKTOPHOTO
HOTeHLialy MardiTHoro noust A, = A y=0, A,= Hy.

B ogHOEnekTpoHHOMY HabMIKeHHi [ 1] raminbToHIaH
CHCTEMHU Ma€ TaKUH BUTIIA]

. 1 L0 e, ) -
H=- A +—(-1h—+—-A)) +V(2)+By +U(T)), (1)
2m, 2m, 0z c
A —i i - - — _ U(r)) = o[, (1) - &, (T,)] 3)

e A =—5+—, m =m =m =m, m, . .
ox oy — IIOTEHINlaJIbHA €HEPris €JIEKTPOHA Yy BHUITAJAKOBOMY
eeKTHBHI MacH €JEKTpOHA B3JOBXK  BiMOBiTHHX nom,a nyMOBﬂeHOMy mykryamisMu  TOBUWMHH POTY
HaIpsMKiB, € — a0COJIIOTHA BEJIMYMHA 3apsily €IEeKTPOHA; o= adc , E.— o somn mposimsocti, & ,(F,) -

d d ’
0, _5 szs 5 > BUIAJKOBI (YHKILI{, sIKI ONMUCYIOTh aMILTITYy 1 KOJHBAaHb
V(z)= d d ) JTHA 30HU MIPOBIHOCTI Ha Pi3HUX MOBEPXHSX JPOTY.

0, 7<—,Z>— ; B3aemogqito (3) Hocis cTpyMy i3 BUIAKOBUM MOJIeM
2 BBa)Ka€MO 30ypPEHHSM, [0 BUKIHMKAE KBAHTOBI MEPEX0OIU
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HampsAMKY Oci  X), OOMEKXYIUYHCh BHECKOM B
€JIEKTPOIPOBIAHICTE HAWHUKYOTO KBAHTOBO-PO3MIPHOTO
piBHsI eHeprii enekTpoHa (10 OcCi y) 1 OJHOro piBHS JUIst
PYXY B3IIOBX OCI Z.

VY HaOmmkeHHI BpaxyBaHHS CTaHIB €JEKTPOHA 3
NEBHOI TMAapHICTIO MO0 OCli Zz XBWIbOBAa (yHKIIs
He30ypeHoi 3a1a4i Ma€ BUIJISIA:

i 2 nmn
¥ (F)=—=e"" Zcos—z 4
i, (1) N3 w(y) 1% ©)
ne L — nomxuna npory (L>>d), n=1,3,5,...; y(y)
3aJI0BUIBHSE PIBHSIHHIO
h2 2 -
-+ By’ =€ , 5
[ 2m oy’ Py j\v(y) v(y) )
2172
~ e’'H
e =B+ (6)
p=F 2m ¢’
OT)Xe, BIUIMB MAarHiTHOI'O IIOJIsSI, BKJIIOYEHOI'O B

HAaIpsIMKY JIOBXHHH JIPOTY, BUSIBIISIETHCS Y 30UIbILICHOMY

1
(k)

EZ<<|<k’x U |k, >
&

Jie TIO/IBIfHI Jy>KKH <<...>> 03Ha4alOTh yCEpEIHEHHS 3a
BUNAaAKOBUM rojieM. DirykTyanii Ha Pi3HUX IOBEPXHIX

>> -

e(eKTUBHOMY TapaMeTpi MapaboJidHOTO MOTEHINATY

B(H).
3a xBwiboBy QyHkiio Y(y) B (4) obupaemo
(hyHKIIF0 OCHOBHOTO CTaHy

; exp(_ ) (7)

1/2

e

Enepris enexkrpoHa y crani (4) 3 ypaxyBanusm (7)
h k2 'n® ho
e(k,) = 3 ©)
ZmZd

2m 2
OOepHeHnit yac penakcaruii
JPOTY NPH pO3CisiHHI QIyKTyariitHum nosuem (3)

Wo(y) =

IS

eNeKTPOHA B3JI0BXK

1; j le(k,)— (k']

(10)

X

-

JpOTy BB2)KAEMO CTATUCTUYHO HE3aJISKHUMHU, a HAa OJHIN
MOBEPXHI — TayCCOBUMH:

T - ..
<<&(T))g;(T,)>>=9, A2 exp{ ( “2A2“) } , << & (T)>>=0,ij=12. (11)
3 (11) BummBae, mo
- - ( Ll LZ) 2 ( Ll rLZ)
< U1 )U(1),) >>= az{Azl exp{ = [+ Ajexp| ————— |- (12)
2N 2A5
[icns obumcnens (10), BpaxoByroun (12), oTpumaemo 2122 % of
OCTAaTOYHHMI BHpa3 Uil Yacy pejiakcallii eJeKTpoHa G, = —ZI g )k L(k, Ddk, . (16)
B3IIOBXK JJOBXHHH APOTY (OCi X): 0
| o2 Z G P O [expl(e,. —u)/kBT)+ ' - gy
3 b
t,(k) 7 [k, | \/YO +A posmominy ~ ®epmi-Iipaka, ¢, =(fk )’/2m -
ze, srigso (8), KIHETUYHA EHEeprisi pyXy eJeKTpoHa 3 e(QEeKTUBHOIO
h'? (14) Macol M B3JOBX APOTY, [l — XiMiYHMH HOTeHUial,
Yo =

aN\1/4
(2mp)
3anexHicTe Big MarHiTHoro mnois H Bu3HayaeTbCs
BHUPa3OM

(15)

3. Jlsi OMHOBHMIpPHOT €JIEKTPOHHOI MPOBITHOCTI 3
KIHETMYHOTO PIBHSHHS BonbiiMaHa B HaOJIM)KEHHI 4Yacy
penakcarii [ 1] maemo:

ne’fi’n

BiZIpaxOBaHW{ BiJI KBaHTOBO-PO3MIPHOI'O PIBHS PYyXy
€JIEKTPOHA IIOLEPEK JApOTY; 2Zf0(kx):N, N -
MIOBHE YHCIIO EJIEKTPOHIB IPOTY.

JUis  HEBHPODKEHOTO  BUMAIKYy  HAMIBIPOBIA-
HUKOBOTO JpoTy micims miacraHoBku (13) B (16) i
MPOBE/ICHHS 00YHCIICHb OTPUMAEMO:

1

c,=

m’k, T(2nmk,T)"> 4A (A}
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d(-x,2,a(T)). (17)
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BruuB ¢uykryaliiii TOBIIMHH Ha €JIEKTPOIIPOBIIHICTH KBAHTOBOTO HAIIBIIPOBIIHUKOBOTO JAPOTY

ne
2 2
x=t2 a2 02mm QA i) g
AT e
T)-2A° n?
2N — A% 2mk, T
0 (_I)SXS
d(—x,2,a)= ) ———, 20
(-x.2,2) ;‘(s+a)2 0
mpuuomy a >0, X<1 [4]; n=N/L - uncno

CJICKTPOHIB Ha OJIMHHUIII JOBXKHHHU JAPOTY.
HOpu A, = A, = A inosinsaux x
B ne’hi’n (A+ A)™!
O T Pk, Tamk, T)? [y(T)—2A°T
VY BUMaJKy HU3BKHAX TEMITEPATYP, KON
Y(T)>>2A°, a6o kT << (A’ /4mA’),  (22)
PYXJIMBICTB €JIEKTPOHA B3IOBXK OCi POTY
2\/%6 1/2
u, =——=(k;T)"",
A(A, +A,)\m

OT)KE MeXaHi3M pO3CiSHHA Ha (IYKTyamisix TOBIIUHH
CTa€ ICTOTHUM [UI HEBHPOKEHUX HAIliBIIPOBITHUKOBUX

@n

(23)

. .\, . 1/2
APOTHKIB y HU3bKOTeMIeparypHiii obmacti (U, ~T ),

JIe BiH CIpusie JIOKami3alii HociiB ctpymy [3].
ITpu nocTaTHRO BUCOKHX TEMIIEpaTypax

k,T>>n’/4mA’, (24)

a60 3HaYHMX KopenAmiiiHux pagiycax A ¢uykryamii, 3
(21) BuIuMBaE, WO PyXJIUBICTh

neh’ A +A,)"
U, =— 1/2( : 42) ’ (25)
m 'k, T(2rmmk,T) 4A
TOOTO  TemIlepaTypHa  3aJIeKHICTh un~T_3/2 €

NoAi0OHOI0 10 TPUBHMIPHOTO BHIIQJIKy PO3CISIHHS Ha

akyctnyHuX (oHoHax [l], B TOH wWac K I
HEBUPO/DKCHOTO  HAMIBIOPOBIAHUKOBOTO  JAPOTYy B
i30JIATOpi  BHACHIZOK  B3a€MOMii 3  aKyCTHYHUMH

. -5/2 .
dononamu marpuui u, ~T [2]. BanexHocti G, Ta

U, Big MardiTHOro nons H nos‘a3ani 3
A (H) ~ (yo(H) + AD ™, (26)
nuB. (18) 1 (15).
st BUPOIXKEHOT CUCTEMH y TPAaHUYHOMY BHUIAJKY
HHU3BKHUX  TEMIIEPATYpP

CTaTH4YHAa TMpPOBIAHICTE O

n
BU3Haua€eThes popmydoro (16), B kil mokiaaeMo

—%zéi(s—p) . (27)
O¢

BukopucroByrou (13), B KiHIIEBOMY MTiICYMKY MaeMO:

4¢’ -
o, = h—zp[Al exp(—2k;A2) + A, exp(-2k; A))] . (28)
, 2m . HATIBIPOBITHUKOBOTO APOTY PO3IIISIHYTOTO MEXaHi3My
ne ki = h_zu‘ Temneparypua  sanexuicts G, PO3CiiHHA Ha TraycCiBChbKHX —(UIyKTyalisX TOBLIMHH

BU3HAYAEThCS XIMIYHUM MOTEHIIAJIOM OJHOBHUMIPHOTO

enexrponnoro rasy W(T) . Opu (k,T/p) <<1

2
7 [ kT
W) ~p,| 1+—| -2 , (29)
12 0
h2
u, = —(mn)’ (30)
8m
OTpuMaHi pe3yibTaTH NAIOTh MOXKIHUBICTH OIIHUTH
BHECOK B €JIEKTPOIPOBITHICTh KBaHTOBOTO

JIPOTY.

Pysincokuic. M.A. — 0.¢p.-m.H., npoghecop xragedpu
@izuxu meepoozo mina;

Ocmadpiniuyx B.K. — 0.¢p.-m.1., npoghecop, npopekmop 3
HAayKo8oi pobomu, 3a8.Kkagedpu mamepiaio3Hagcmea ma
HOBIMHIX MEXHON02IU,;

Pysincokuit b.M. — x.¢.-m.H., acucmenm Kageopu
BUUOT MAMEMAMUKU.
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The Influence of Thickness Fluctuations on Conductivity of a Quantum
Semiconducting Wire
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The expressions for a relaxation time, an electron mobility and static conductivity of a quantum semiconducting
wire, which are determined by a random field conditioned by Gaussian fluctuations of wire thickness are obtained.

The influence of a strong quantizing magnetic field directional along length of a wire is considered. In a
nondegenerate case and low temperatures electron mobility u, ~ T"2.
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