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Beryn

I3 KkBaHTOBOI MeXaHIKM BIiZOMO, IO B TOHKIH
KPUCTAYHIH MIACTHHI 3 MiKPOCKOMIYHOK TOBIIHHOW d
MOXE  CIOCTepiraTucs Tak 3BaHE  IPOCTOPOBE
KBAaHTYBaHHS €HEPreTHYHOr0 CIIEKTPY HOCIIB CTpyMmy,
sSKa TPUBOAMUTH 1O TOro, L0 OaraTo BIIACTUBOCTEU
TOHKOI ITACTHHU MAIOTh KOpEIsIiiiHy 3anexHicTs Bia d.

|. ITocTranoBka 3amaui

B xBanTOBiii MexaHini piusHHa lpeminrepa mis
Takol IUIACTUHKOBOI CTPYKTYpH pO3B SI3YEThCS 3a
JIOTIOMOT'OF0 METO/Y PO3/IiJICHHS 3MIHHUX.

3 1i€r0 METO KOOPAUHATHI 0ci (X,Y) pO3TallloByIOTh
B IUIOUIMHI KPUCTAJIYHOI CTPYKTYPH, B SIKiii po3Mmipu
KpHCTama MaKpOCKOIiuHi, a ¥oro ToBumHa d , ska
BiJIpaXOBYETbCS B3IOBXK KOOPIMHATHOI oOCi Z, Mae
MIKPOCKOMIYHI PO3MipH.

Ilpn Takux ymoOBax CIIOCTEPEKEHHS HEOOXiTHO
BBaKAaTH, IO HOCIi CTpyMy B IUIOIIMHI KpHUCTaia
pPyXaloThcsl B JBOXMIPHOMY MEpPIOAMYHOMY TOJi, TOMY
1XHs XBWIbOBA (DYHKITIS — IIe BioMa ABOXMipHa (DyHKIIiS

Broxa Y (X, Y), a iMoBipHuii 3akon aucnepcii 1boro
Pyxy

MIPOCTUH

pZ + Py
e1(Px, Py) = om
CTpyMY, Px, Py - BiJIMIOBITHI

eNeKTPOHHOTO KBasiiMmyibey [1 - 4] .

napaboTiaHU N

, 16 M — edeKTUBHA Maca HOCIs

KOMITIOHCHTH
1. MeTon po3B’si3Ky Ta ioro anaJis

Pyx Hocis 3apsity B3ZOBX BiCl Z — €KBiBaJIeHTHUH
PYXOBi B MPAMOKYTHi#l MOTeHIIaNbHIN AMi mupuHoo d i
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rimbunoo U €B . XpuiboBa QyHKUis Y o(2) 1 3akoH

aucnepcii €, (d) mns Hocis 3apsy B cTani Takoro pyxy
Tex Bigomi [1- 4] .

Jlanpiie, BUKOPUCTOBYIOUM METOX  PO3[iJICHHS
3MIHHHX Ui po3B'si3Ky piBHsHHs Llpeninrepa, mierko

3HAfJeMO TOBHY XBHJIBbOBY OyHKIifo Y (X,Y,2) Ta
NOBHUH 3aKoH auenepcii Hocist sapsay e(d, Px, Py) B
TOHKIH  TPOBIAHIM  KPHUCTANIYHIM  IUIacTHHIN 3
MOTEHIIATFHOIO MO0 00MeXeHOI TubuHH [5] :

y (%, ,2) =y 1(x. YV (2 (1)

2,02 @ 2
Px P h ks
e Px. Py) =50 s ><§(1+ Po) >&)md2_ 2’ @

ze h— mocriiina [lnanka, a Py — po3MipHUil napamerp,

SIKMI Ma€ Take 3HAYEHHS.

Po= 2pd \/ (3

B mi#i popmym U - riubuna HOTeHuianLHo'l' SIMH, B
AKii moxe Oyrm Nn=1,23....N _ KBaHTOBUX piBHIB
eHeprii (2) 3a iX 3pOCTaHHSIM.

floor (p_Fz’o +1) 4

B wmiii dopmyni ¢ymkuis floor(X) B cepemopuui

Nmax =

MahCAD o3Hauae HaiibinbIe Ifijie YHCIO MeHie abo
piBHE X.

dopmyina (4) mokasye,mo KilbKiCTh BIACHHX PiBHIB
€Heprii B MOTeHINaNbHii AMi rinOuHo0 U 3aJIeKUTh Bij
napamerpa Pg (bopmymna 4).

Bukopucraemo Ttemep ueil 3akoH amcnepcii s
po3paxyHKy KoHeHTparii N(d) BinbHHX HOCIiB CTpyMY

B JaHiil CTPYKTypi, aHAJOri4HO SK 1€ 3po0ieHo B
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poborax [3- 6], B SKkuX MOKa3aHO, IO IPU YMOBIi (2)
N(d) nopisuroe

O 0
2+ (9)

a
r§ e i

A€ IJIA 3pyIIHOCT1 3aIIUCIB BI/IKOpI/ICTaHl Taki MO3HAYEHHS

8omd 2kT
he

nd,mT) =

* _
kT

Bonbimana, | - Temmeparypa kpucrana, I - XiMidHuii

Xp = ne K - mocriiina

TIOTEHIiaJl HOCIiB CTPYyMY.
Bukonaemo terep y popmyai (5) HabmmkeHe CyMyBaHHS
3a TaKO0 BiJIOMOIO (POPMYJIOIO:

Nax Nmax
a j(m= o j(mdn+= (l ("max) -1 (@), (6)
n=1 0
¢ 6
nej (n)= Ingexpgm* - LGz :+1ﬂ
S & W’ § g
JUts  3pydHOCTI  POSIVIIHEMO  BHIAIOK  KONH
Ny ® ¥, 10610 , 3rizHo 3 (4) , P, ® 0, a mns

3MIHHOI IHTETpYBaHHS Ny Q)opMyni (6) 3pobumo 3aminy

g 1 h2 |n6%m 193
n(md) = n(m) - — x e, ()

¢ 4dV2mkT = Fy(m) ¢

é U

é 2 u

*
ne N(M ) - KOHIIEHTpAIlisA HOCIIB CTPyMY 3 130TPOITHHM

napaboyiyHMM ~ 3aKOHOM  jucrepcii 1 XIMiYHHM
*
MOTEHIialoM M Ui MacWBHOTO Kpucrana. BoHa

JIOPIBHIOE

4 a@pkao/ (m ).
b g7

ne F }/ (m*) - BiIOMHI iHTerpaJI Depmi.
2

(8)

n(m*) =

I3 ¢opmymu (11) BuAHO, IO IS BiACYTHOCTI
KOpensiii  KOHICHTpamii  €JIeKTPOHIB Ta  IHIIUX
KIHeTUYHUX  BJIACTUBOCTEH BiJl TOBIIMHH  IUTIBKH
HeoOXi11HO, o0 TOBIJ_II/IHa TUTIBKH BiZNIOBiJaia yMOBi

\/7 |n§%m |n§%m*
32mkT }/Z(m ) (%()}/2 F}/Z(m )

Ha mpaxtumi s ymoBa Uit IUTIBKOBHX CTPYKTYpP
BHUKOHYETHCA AY)KE€ 4acTo.

+19

,}, 3.303x0°® 5.(9)

X1+ X
0( po) %X » 20 /X . Tenep posriaaaemo 3a Gopmy:oro (5) KOHIEHTpaLiio
. P P n(d) s HE BHUPODKCHUX  HOCI(B  CTpyMy B
Toni maemo: «
TUIACTUHKOBOMY KpHCTaii mpu ymMmoBi M £-4.
B mpomy Bumaaky ¢opmyna (5) naGyBae Takoro
BUIIIAAY.
* nmax ae o)
n(d) =—0_seM "% P 5g2-
243 n=1 8 A+ pPg)xg 10
0/2 2 o} ( )
mKT L 2 hmax 0 «
?p—z )e X——X g P -Lmz;:no(m ,T)M/(po,Xo)
h X% =1 & @+pg)Xg 5
0
3 *
e I ng(m ,T)
e no(m* = zaimeT g/ e ) n(d) >>ﬁero,xO) » n(MT)W(pg, Xg) ,(11)
h2 & 1+0.27e
KOHIICHTPAIIisl He BUPOKEHUX HOCIiB CTPyMY B
MacHBHOMY KpHCTali, a 1
W ) 2 nmax ge D 20 0.375
Po:Xg) = X a eXpy-———xN :- o 0.75
X% n=l & A+P)o 1 0.625
(yHKIIisI, SIKa OMUCYE BIUIMB MPOCTOPOBOI'O KBAHTYBAHHS i i 0.5
Ha  KOHIIGHTpAlil0 HOCIiB CTpyMy B  TOHKHX g 0375
KPUCTAIIYHHUX TUIACTHHKAX. ¥ 025
BukopHucTOBYIOUM METOAM PErpecUBHOTO aHAII3y, 0125+
SKAA BHUKOPHCTOBYBaBCsi B poboti [4,5], MoxkHa 0
MOKa3aTH, IO Ui HOCIiB CTpyMy 3 XIMiYHHM ' :

*
MOTCHINAJIOM, SKUH BiAmoBimae ymoBi - ¥ £m £1.2

¢dopmyna (5) anpoKCUMYeThCs 3 TOUHICTIO 10 3 % TakuM
HAOJIVDKCHHSIM |

.10
i

ctm

Puc. 1. 3anexuicts W( PO, X0) sin Tosumsu d

KPHCTAJIYHOI TJIACTHHKH.
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e n( m* , T) onucyetsest popmyioro (8).

DYHKITiS W(pg. Xg) 1epe3 MOCEPEAHHUIITBO

cepeqHiii poOOTI BUXOAY €JEKTpOHAa 3 KpHCTaja MNpU
temnepatypi T = 300K .

Koedimient  edpexry 3eebeka a(d,mT) mans
napameTpis Py i X, 3anexuts Bin Temmnepatypu T,  kpucTamiuHMX CTPYKTyp i3 3aKkoHOM jucrepcii (2)
TOBIIMHM  KpucTatiunoi mmiskn O Ta  rmbuHu OIHCYETHCA TaKoro 3araJibHOIo hopmysoo:
noTeHIianspaol smMu U.
Ha puc. 1 naBeneHo rpadix 3anexxHocTi miei GpyHkii
gin topmmmm O s KpUCTala 3  IJIHOWHOKO
noreHmianpHoi simu U =5eB, mo nopiBHIOE peskii
MO og W M ap
o 1 2 i ES 5 A 7
. b % [za® pae® e sw? leae® [
LI “h -0.458 -0.648 -0.703 -0.729 0745 0755 -0.7a2
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— .4 2.4
044 ; 2.57 —
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—0.52 II 2.51 f
—0.54 |I 248 J-
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.76 brt— 233
—0.s — 23
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[madl [madB
Prc. 2. Prc . 3.
SaMemHIiCTE OPHEB. X.II. SamewHicTE moed. Secfema
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! & p 29 G
i G2y + n“T i
P¥nmax g © (1*+Po)XXg i
re = 5 i
: B exp Gy + a p ) xn2 -m T : (12)
L +p XX - o
a(d,m ,T):geﬁgx% - § 0 0 g . m'i’,
e€ g | nmax € ® p 20 U i
i & Inéexp&m’ - xn< T+ 10 i
i n=1 g g (I+ pg) *xg s H i
: :
! i
i b
Jlis 4ucioBHX pO3paxyHKIB KOHIGHTpalii HOCIiB JIUCKPETHOTO  CHEKTPY  CBITIa  IUIACTUHKOBUMH
CTpyMYy B KpPHCTAJIYHHX CTPYKTypax Ta KoedimieHTa KpHUCTaJIaMH.

3ecOeka TIPUBEICHUMA XIMIYHHAN MOTEHIiaJI
pO3paxoByBaBCsl 3a JIONOMOrOK KJIACHYHOTO PiBHSHHS
HEHTPaJBLHOCTI B yMOBaX MPOCTOPOBOTO KBAaHTYBAHHS.
[lincyMKOBi po3paxyHKH MOJAIOTHCSA B POOOTI y BUIJISAI
TabIHLb 1 rpadikis.

Ha puc. 4. i 5 nyHKTHpHMMU JiHISIMH TO3HAa4YeH]
Gi3WuHI BEIMYMHU IS MACHBHOTO KPHUCTATy T'EPMaHI0
p-THIy TPOBIJHOCTI 3 ONHCAHUMH IapaMeTPaMH.
CyIibHI KpUBI MO3HAYAIOTH IMi cami (Di3MYHI BETUUUHH

JUIs TUTIBKOBOrO KpucTany ToBumuow d =5x10° 7 cm.

Kpim Toro Ha puc.4. kpuBa, sika II03HaYeHa pOMOUKaMH —
e eKCIHepUMEHTANbHI 3HaueHHS KoedilieHTy eQpeKTy
3eebexa B MACHBHOMY JIOCIIDKYBAHOMY KPUCTAJII.

BucHoBkn

IIpoBeneni mocmipkeHHS 1 pO3paxyHKH B JaHid
po0OTi TOKa3yloTh, MIO B TOHKUX KpHUCTaJIaX iCHYIOTh
MOTCHINABHI MU OOMEXKEHOI TTHOWHU, B SIKUX ICHYE
oOMexeHa KUTBKICTh AUCKPETHUX | eHepreTHYHHUX PiBHIB.
Ile mpu MEeBHUX yMOBax CIOCTEPEKEHHS MOXE CTaTH
NPUYMHOIO  BUIPOMIHIOBAHHS ~ HENEpepBHOrO 1

[1]
[2]
(3]

4(2), ce. 234-236 (2003).

meepdozo mina, 6(3), cc. 366-371 (2005).

3rigno 3 ¢popmysaamu (3) i (4) 30iIbLIEHHS TOBIIMHA
IUTACTUHKOBOTO KpHUCTaJia BeZe 0 301IbIICHHS KITbKOCTI
€HEepreTUYHUX pIBHIB B MOTeHIiadbHId smi. [lpu
TOBIIMHI d , SKa BIAMOBiA€ YMOBI

h f2
X | —
muU

d>>—
B MOTEHIIIaIbHIN aMi oOMexeHol rinubuaun U =5eB
BUHHMKA€E BEJHMKa KiJBbKICTh IUCKPETHUX CHEPreTHYHHX
piBHiB. Ile 03Hayae, IO PyX €NEKTPOHA B3IOBXK Bici Z,

dKa  IapajelbHa  TOBLIMHI ~ KpucTraja ,  CTae
KBa3iHENEPEepBHUM 1 MPOCTOPOBE KBAHTYBAHHS CHEKTPY
mocTynoBo  3HuKae. llell mpomec  MareMaTHYHO

ormucyeThbes rpadikom Ha puc. 1.
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Ya.S. Budzhak, O.V. Zub

Effect of Seebeck in Thin Crystalline Films of Ge p-type Conductivity

The thesis grounds the influence of spatial quantization of electron gas energy spectrum on its concentration in

thin lamdlar crystals.

K ey words. wave function, effective mass, dispersion law.
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