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Hall Factor in the Quantum Well Structure
with Indirect Conduction Minima
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Abstract: The Hall factor in a quantum well structure with X or L-type indirect conduction valleys is
calculated for various strain conditions. The two-dimensional constant energy surfaces of occupied valleys
are proven to be identical. As a result, the Hall factor depends on the relative direction of occupied

vallevs to the growth direction,

regardless of the number of occupied valleys.

This work is widely

applicable to the two-dimensional structure with indirect conduction minima for any growth direction and

under different strain conditions.

Keywords: Hall factor, Quantum well, Indirect conduction valley, Strain

1.ME

32kl o] HlsAM 239 Pz Ao A= il
= % (band engineering)—.% o] &3lo] EglH E4
& 8olstA 442 4 ) d-dopingS ©]&5le]
o] e FA S-E& EolA BHEE Alo)w AR
7b olEetA sl EEEATE 2A AsA A
(12, ol E-HFFEANA A7} FH oz 22

FAE AYE 54L o839 5L Hall o558

a. Corresponding authors skc@inha.ac.kr

Copyright ©2013 KIEEME. All rights reserved.

This is an Open-Access article distributed under the terms of the Creative Commons
Arribution  Non-Commercial  License (http://creativecommons.org/licenses/by-ne/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any

medium, provided the original work is properly cited.

A7 &8l [3-51.

&k A4S diste F8 WSl olFEE o
i Hall 298 Fsf dolxch shxut 24714 8}l
Al &FelE AMElele] Hall o5 #A7]%o] gl

JBolAS] §AYQA drife olFESf: Aolshul.
Drift o]&=& 2d FA87] oot AMLS 7t
& ul, Hall o|$E2%H drift o558 f3% 4
= WHel Aestt Hall o559 drift o] 5=
H1Ql & 15 (hall factor)®] A4t zte % glopd,
Hall 4802 ZH% golA drift o] sws F4%
T St

ad Ao E 2
P} e 44 2
sith (6] s 2
737 faAE ot

n-% WEANAA o Ay
stol Al & A7} AxtE Hol
A -z AaAdA E Q4

wejstelol & AlgHEO] 9l



422 J. KIEEME, Vol. 26, No. 6, pp. 421-424, June 2013: J. C. Lee et al.

o 4, &Y =ART ofzt AEe AR
Aetete] 221 FERA HAHE W (valley)E
AAslofop dry Eg, AAHIA EW (constant
energy surface) 379l EFIAIZ} ofyi 2241 E}
4¥el& mstedof ok 239 Fx9 AAtelA
AApe] olERE H7|HoR Z7AZ F ke A
AL 7hordt o), A¥g Hall ol 5=2%E A4 9
o] F XS drift O]FEE 94T F Yt & AF
g A7 AAa.

o] FEfdAME EBx2vw 4ol  (Boltzmann
o] &8t 2a¢ FxoAM HW
W] AEEE F5sidd. 4 =18 4% %
go] w2 E}9lY dAAUA THES A& Fo 99
Hel2 WS 53 AN LolshA sl oy E
Wgs S8k E9d dAedux xAeR 7|U%
E 49 ¥3E BYsided, X £ L-38 13
Aol & zte FAFE FRA o8 A% WEn
8 20 @ & AFE A5

transport theory)<

2. 43 9Y
21 0|8

PSR FxAA BY PPoz AAF ssm
W4 we R ANE MAste] Hall 34 2d% §
A AR AR, k-4 FFe) AA sHlA
iWw ggon gAoE e j-¥u wges
de wA Ao webd -EW Pee AR - ;
W oggon AFE WAAAL o A%, AR A
A9l WAL dest ol & 4 ATk

J;

Oii Tij

E,

9i0jj

A% wEe] A7 7R

B £2 olgad Fu el
78 4 9om 1 Bd 4& okdst urt

(2a)

st NHAUE vy, |2 Z} W o)
ol [-HA subbandE <olvdtth 7= $siA 7
(relaxation time)ol™, f, & ¥¥ #oli, g,,fr_- 2zt
4 ZHEE g (densuy of states)o] L, v = p-
P uhgke] Lol w = 9 FA 94 (inverse
mass tensor)2] Aot} Hall o]l =9} drift ol 5%
=4 (29 Ak g2 ZAT F 9ed [7], 9
g F olgx9 H|Q & e v Fo

s 3)

’yH O‘iiajjBk
et Ao AMstola n, & A2 FEolH. ¥
A5 —TL ’\1 A d o] %2’:1% AA @ 4¢
£ dgsd EF F9% dvA &4

& 24 %C} ?51-11"" ’6’2} W X sk WY
FE AR dgk 2o BA7 dojFez ¢ A7 9
Fo Wl B¥e subbandE ZEA €t} Ado] 29
S Aegd, 80 o3 wEe A ®MEAS
L4 mstedof g} Hw el WFFHL AF
wakol] 7hbe Mol oUAE sHEAA Ao E
AGAZ1A S 28 e FEHeHS 1 wde 2
#2 g} webs 229 FxAA Y Hdo] &
g4 AA AU HE e BFLEE A= B Y
o= AA Wk 74 7hrke- WeEEol AFEHIL 3
W gkl &892 A 49 A% $F AR
9] "ozl W Eo] Afrgrt

A8 FRIAME Y U} AT W F
Aol o)A ZA9 WelEo] A% WFH BF 22
Zt2 Wolx Utk o] A¢, ARE WIEL T
3 22+l AR A AL zHA "o A EEY
Wzl wako] Ato] Zto] x U AL, dARAYA HHL
229 8oy ¥d AL oS 2k

Kk, Kk
= Lo TV 4a)
B =50 " om, t



AN A2 A B3] =54, A267 A6E pp. 421-424, 20139 69: oA 5 423

m;I =m; 'cos®’x+m; 'sin’y (4b)
32k Ebl A WEol A 7 FH FA
X k,/ -#& FAE meolx, k-4
= x9 ol 4% wEgat e Ug
o] YAF AL (x=0), A= HHL glo] &
o AAl AEA MAse § % J-3W BFge 9
oo F wgolnz dAqUx W HoA F Hu
WS Ao 2H ol e Fe HFdol g o
AfEHE BEE des 59 4Fd4A EHE
A ER 7t W 9% AR g ¥ FY98
"o & A, 7} Ze] el 98] wHEo]zl subband
£ 98 747t AAT BF FUF dAYA ZHS
zZreth g9y g e ®arh 7H @2 subband
ATh= AFE S RS 4] (2)0A 7HF v 9
HUA & 2t subband¥t 1@js)®= §-wsic} olsp 2
< AHES nEstd 4 ) 93 Zo] s
Ad 4 Sl

my % m;E
ojt}, 2 (4)9

FAJA my

2

(5a)

ag-’ q, (E}dE] (5b)

rrh.=ojj=1\£[ fe nr—g F)dEl

i s 3 =
0 =—0j —N;[S‘,fe 72 vfm” Y, ujwﬁ

N& A48 W Aol
4 GelA QHIdA wRe Fejst DHS WA
e A BY B $EY v 9 o A @A
A w,olt, B ?4_7&0111—121 ERNA FE v, 5%
wE A G0 Wol AR e golakA Yk,
BUY AU EWg 93 dHolvA Euo
2 4PN F, 0,9 0,8 28 AQeluix Fo|
Hel st MEE WA AE A G Yol 4
23l HW AEEE ohes) go] ekahl H.

w

Oii = 05 = Oy Kij (6a)
UU :_JJ":G:}EU (ﬁb}
"*N{ f s Eg,(E)d ]
o5 = IV, €T g9 E (6c)
0 =N 31_2 f“'
. 1’;t_a(1+cos?x+ sin’y ] -
my my

_mg 0082x+ sin®y 6
i My \ Ty m

9 A9 ol AL Bl WA Yom, o

= AR 7 ke Ao FAds AL 9v i
A (6) AERE 4 (3)o HE3E & ASFE o}
9} o] & F 9t}

Vi 'Yt;fx Ym (?a)

P (7b)

| e —

n J_',l Bk
2 . 9
e 4!([1’(002 x+ sin X) . 7e)
{K (14 cos’x )+ sin’y}
A (Tb)e] nie ¥ 7] "l A FEoIH, 4 (7c)
-] K+ m;*} mr HIEI'
3. 43 % 1@

Vg oE 7R AbgdAdel o)EFd. 2219 %A
& FEAAN FRF AFEAFORE  intravally
acoustic ~ phonon®l o3k 4AkgE intervalley
longitudinal optical phononel gk kg 1] a
remote ionized impurityol] ¢]3F A&k So] 9t} [8].
Zb Abghol A 2h3l A]7He subbandE9] YAy R
HW e Agtom Qg A o)ES4

(transition rate)®] 9ol ula|dct. o] gk FoA
intravally acoustic phononel 2] 4kgte] Ao
A EA9] o) g 2 9L vk A o
BEM 2% dQodx ®wle] e wE o
TR EEE FE WAl Qe AHuE g
TE AN Yed F 44 dAd 4z guw
= f FHE W Az AN Aol Fg84
ﬁ’lr

o @3k Azl dluxe Phz EAE A9,
~EC e O ol Hoh

. (1=20)

" T {8’

Yas SAANUA EWo] RFY v FHYss E



424 J. KIEEME, Vol. 26, No. 6, pp. 421-424, June 2013: J. C. Lee et al.

Table 1.
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%, in the quantum well structure. A is the
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