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The Electron Mobility in GaiInxAs Alloys
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{(Haeng-Sam Im, Jae-Hoon Shim, Neung-Yeun Kim, Jae-Yong Jeong)

Abstract

In this paper the electron mobility in Gai-«In<As alloy semiconductors is simulated by using the
ensemble Monte Carlo method. The simulations for GaixInkAs with In mole fraction, doping
concentration and temperature as parameters are performed. The electron mobility in Gai-xIngAs is
improved as the In mole fraction increases. And we simulated the low-field mobility for alloys which
perfectly orderd alloys without the alloy scattering mechanism are assumed, the results show that
mobility in Gai-«In«As is improved by 11%, 12% and 7% for 0.25, 0.53 and 0.75 In mole fractions,
respectively. We reported the theoretical resuits of electron mobility in Gai-In«As alloys, so those will

contribute to the research and development into materials for high-speed semiconductor devices.
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MBE(Molecular Beam Epitaxy), MOCVD(Metal
Organic Chemical Vapour Deposition)®} Z& Iz
A Az 7Nes AT ot GaJdnAsE 7)9e
2 @ olF Tz ¥8¢ &2 tEZ(multple thin
layers)®] A FE7} 7158A HAEM BEF EAT o)E
o] &% Ate digt BUF A7}t o] FojHTY 2
A%, 3% F3(resonant tunnelling) T&, ¥zt &
E(quantum well) 7Z&, %2 HEZ(quantum wire)
T2, %7 d(quantum dot) FZEL LE3d, F
jole =, o|FFZ #eo|#x, HEMT(High Electron
Mobility Transistor), HBT(Heterojunction Bipolar
Transistor) F°] &=}
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AALe] o] F E(electron mobility)e ¥HEH A5
Az F& BEAd did 28 Hxo|th ey
AAAMY o]FEE EA377 S g7
¥l Gai-InAs 8 H=Ad g 28 AR
& (hot electron transport)® Z2 Hd ArZo| A
o =¥ AAott APGMY ozl EF H
E &2z F2A4Y 92 ZF(contact effect)t 7} A4
& FH(parasitic effect)ol]l 71913tk 18 % B33
T g dEE 23 AErr ALY, @9,
Monte Carlo #3*%¢ 0|48 $=-274 54 IA4
of g oAU AT AR wmA o] U x
HAutt S} o)2AYe wwE Ed vehte
4 EUXE 24 BEY 29 x99} wgx
X (carrier compensation)®] A4 o}y &t
2oldyq A o] &3te WMEA Azel Hng gt
o] B 7A@} oletg BERAYEgE B
T FA X9} o]&AI7ke] HAHQA 7 8 (irend)S
238 F3te, EHX 9} o) 9te] HlmERE
3¢ v E /1A 32 Monte Carlo R2HE
ANE A¢ dW$ £ AAE dE $ g
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GardniAs 8 HEANHY A7 o) F g Y3}, HAE, 459, A4E

Fischetti®”E  Gai«InAs® EgsE tolojEs
(diamond) TZ¢ V22 WA=(zinc-blende) TZo
W3 Monte Carlo R4 ¥S LHHoZ vg o
T 23 g wEsgd.

2 dAFodA e YEE ZHIEEZ UYL o &d
o GaixlnxAs &3 =AM Az} o]F=o o
st A7sitt. In EHj&°] ©WE  GaAs,
GaomlnozsAs, GaoalnossAs, GaozslnosAs, InAs 59
gty = 3T 2% & =&vE(parameter)
2 3o molAgsigr. B dFdMEe g7 dx
Ao HA olF=o gt o] FAE Al Fsln
At} o] AFAEL AHY xu& BT 229 A
B 74 A 72 22 €848 F ey 4
Zrg o

2 RojMY 2y
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2AA Q- 44 (semiclassical transport) ©]&¢]
A x7 €5% (hk>Q AAN @ wR
(contact)ell Al &&ste] Wiz WRE Afste o
2 9AZ Yrte Y4AE B 5 o o A A
a3 JE FH Astd g% AAHY A
Ec(z) 9 E3E Newton 25402 FdY 4
o, MAHA "HY Ug(r,t) & 53 &4
A deoje ¥E5 S el Roz2 FAYEHY
AT AHoz FEY 4 Yk LY e FnAy
A FHM] HA EFAE TAMN Ao}

—((iitl = V(k) = %VkEk (l)
L(hk) = —VEc+ ThBs(t—t) @
9714, E & B4 £§ U7, ke Planck
%, ke S5 48, Bsnt #EUS

(random variable)©] o}, Zﬁﬂ&( t— ) o 9§

G5 Y& FAAsY AT FEWHF B ¢
g BX 7t FolH '

o7 L X9 A A3& z23d3ixe
2z Aol X9 vl E£E3 W= (nonparabolic band) ¥
Bz g 2o

Mes

AN, ok MTBY FA0H, ki

h2Kk?
2mj

Ex(1+¢E,) = (3)

k8 =27,
mi;E A 9% §F A Z(density-of-state
effective mass)elth. o]e]gt oix] W= FzeA

9 Axe &= v(k) & gD 2o

— hk ;
vik) = mi(1+ 2eE,) @

CEHFIER gAY EEFL FETY AL vgI
ZEY A% AT £F HHe ¥Ezdz FEIc
A9 AF Hlg A THfree flight time)d 2E ¥
9 FFY HEE HEFHoz mAEA gf
(random number) 2L E3 o] 2AFAF®,
tH, AbFE(scattering rate) AAtel gy

 GadnAs®) In & ¥l xo] e setoly gEe
‘e Aoz BE AAslg oW, .

TGalnAs‘(X) = (1= x)Bgas + XxBpa, )

AG)e ¥z 2%(binary) 3= =tgvE @
Bgaas % Buas 225 H 3U(temery) 3g¢E9 3
B8 & Temas e T3 438 W4l (interpola-
tion) WHoZ InAse] ZFA n& xo w2t
Gai-InAse] sebely grol 2A4AM A I3
g WAH-2 Schrodinger WA 2o o %E’Q%
WA ZAs g go] FHPFOY,

1 1—-x X
* = * + *
M Garmas(X) MGaas Minas ©
& d7dME 3 (aloy)itd, ole3std B&E

(ionized impurity) A&, &3 ¥ =(acoustic phonon)
Abg, 4 38t ¥ =(polar optical phonon) Ak, 7
%2+ E=(intervalley phonon) 4@ $& nestg

‘;}_2-4).
3.8y 2 =
2 AFdA o)FojW FAE EHIER 24

Y 2AL z7)o TAZAN Bzau 2¥s zt=
1000 48] AAESE 20ps E9 27 HFAA A
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o] 288 £99 F oAl 40ps B¢ =Y
gatdth. 2o9dd AAEE HAAAHAAN vy
ARe PFstd AdsY ZddPel o] & A
& 71729 weluy gEe GaAsdl B ¥ 13
InAsel e & 201 Yellden, Ga-«InxAsol o
& ZSS AG), 46)z By AT A
Pl Wed  HeEvEHQ  FIAFA(alloy
scattering potential) &< In EH]& xo] &I
0.529eV 2 Aatstg o,

a9 13 25 0.1kV/em 9 @& AAS A 2
7 299 ¥59 LEE sEvEHE e In By
g0l BE GaidnAse] ARA O|FEE AR
th In 2u]&o] Zsete] wil oEEs ZHEHE
& 4 gtk o= GaAsdlA InAsE 252 I'-L
A= U 0.29eV ol 0.72eV 2 2718
Ze AAS MY LAT Afgo) HAsy HE
ojtt? 2= 30K, =$% ¥E 1x10%cm™¥ <l
A% In SHge] Zstge uwet o)F=st HA
1.14x10* em?/ Vs Gaaold 2 2.75%10% em?/ Vs
(InAs)9) o=z A=Atk 29 144 =99 &
=7 1x10%em P olA 1x108em ™3 o2 ZA4e
of wa GaAs® A$  2.39x10%cm?/Vs ¢l A
2.30x10° cm?/Vs = s A% 6.47x10* cm?/ Vs
oA 6.39x10%cm?/ Vs 2 Zt7t ¢ 109 AE o]
59 2AE BYY =%, 2@ 204 =7t
TIK o)A 400K 2 2718l wet GaAse) A%
2.68x10% cm?/Vs o4 1.01x10*cm?/Vs 2, InAs
o] A% 5.67x10"cm?/ Vs olN  2.42x10* cm?/ Vs
2 747 o3 =7t #RAastArh

a2y 34 E TR ededN #F w=A 4%
A okrEE AR s BANY BEz Q3 3
AFL B 5 YE oA FF BHEAE J)
Asted 2% 300K, =9% = 1x10%em ¥
o} o) AeXE ANsd Fa AT uHP
7Aoo wmsig. olyd AN AR BEH
GaozlnosAs, GaoarlnossAs, GaoxslnosAs &5 W=
Aol o)FEst wEA 4F NEe Ade] wat Z
7 11%, 12%, 7% 7A #4348 + dee ¢
& Atk o8 In BH| &0} wWE A% P HA
9 FAFgoM  FF ALl JldsE F=
wa} dAHE Aol

a8 48 5% X 300K, £$9 &

ANAAAEE 3 =24 Volll, Nob, 19%.

_‘x":_ 1. GaAs EI]—E}U]E-]m’”)

Table 1. Parameters for GaAs'*V

Bulk Material Parame

ters

Lattice Constant [107cm]

Mass Density [g/cm’]

Acoustic Deformation Potential [eV]
Sound Velocity [10°cmv/sec)

Longitudinal Optical Phonon Energy [eV]
Low Frequency Dielectric Constant

High Frequency Dielectric Constant

|

i
i
i
t
'

5.633
5318
7.170
3.803
0.0333
13.18
10.39

Valley Dependent Parameters

I _Valley| L_Valley | X_Valley
Energy Gaps [eV] 1.420 1.710 1910
Effective Mass Ratio 0.067 0.560 0.850
Number of Equivalent Vailey 1 4 3
Intervalley I _Valley 1.0 1.0
Deformation Potential | L_Valley 1.0 1.0 [\R¢]
(10%V/cm]) X_Valley| 10 089 09
r_Valley 0.0300 0.0299
I
[’“g:e" [P ':;’]""" I_Valley| 00300 | 00290 | 00293
gy e X_Valley| 00209 | 00293 | 00299
Ix 2 InAs E}E}H]E 10,11
Table 2. Parameters for InAs'*!?
Bulk Material Parameters
Lattice Constant [10°cm] l 6.058
Mass Density [g/em®] | 5.668
Acoustic Deformation Potential {eV] 5.080
Sound Velocity {10°crv/sec) 3.037
Longitudinal Optical Phonon Energy [eV] I 0.0299
Low Frequency Dielectric Constant | 14.60
High Frequency Dielectric Constant I 12.25
Valley Dependent Parameters
[ _Valley! L_Valley | X_Valley
Energy Gaps [eV] 0.350 1.070 1.370
Effective Mass Ratio 0.032 0.286 0.640
Number of Equivalent Valley 1 4 3
Intervalley I' _Valley 1.0 10
Deformation Potential | L_Valley 1.0 1.0 09
[10%V/cm) X_Valley| 1.0 09 09
I _Valley 0.0300 0.0299
I““"E”n :fey [}::/"]'m" L_Valley| 00300 | 00200 | 00293
& X_Valley| 00299 | 00293 | 00299

1x10%ecm ™ Ao M o) xg BF & E(drift
velocity)E& AA 9 42 44 Jehiid. AA7

184S ¥R/t 343 gass

HA £, BF $E-34 5422 FH In
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Low-Fleld Mobility [10* cm2/Vs]

33 1. GardnAsolA Y =49 FxE v

Fig. 1. Low-field electron mobility as a function
of In mole fraction for Gai-xInkAs with

Low-Field Mobility [10* cm?/Vs]

a8 2. GadnAsol e LES HeuHZ & In

Fig. 2.

in Mole Fraction

2 % In BH&o @& HA FE

doping concentration as a parameter.

an = 1x10%cm
| Electric Field = 0.1 kVicm

0 N . N N .
0(GaAs) 025 0.53 0.75 1{lnAs)

In Mole Fraction

Zojgo] WE HA o]FE

Low-field electron mobility as a function
of In mole fraction for Gai-xInAs with

temperature as a parameter.
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Gadnds §3 HEAINY 27 5 E—dR, IAE, 259, AAE
v 3
¢ T=300K — { T=300K
i Electric Field = 0.1 kV/icm s N, = 1x10'%cm*
~ Electric Field = 0.1 kVicm
F E 25}
(3
=)
p = 1x10%cm r,
> Without Alloy
1x10"%cm> 3 2}
=
1x10'%cm o
K3
[T "
S st With Alloy
<]
0 e X . . A L . . A -
0(GaAs) 0.25 0.53 0.75 1{InAs) 0(GaAs) 0.25 0.53 0.75 1(inAs)

in Mole Fraction

a8 3. {3 Ade] gl o9 FEE FIH=A
Gar-xIncAsell A 9] A7 o] F &=

Fig. 3. Low-field electron mobility in Gai-xIniAs
which a perfectly ordered alloy without
alloy scattering is assumed.
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Fig. 4. Electron mobility—electric field characteris-
tics for Gai-xInxAs



Drift Velocity [107 cm/s)

T=300K
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Fig. 5. Electron drift velocity-electric field charac-

teristics for Gai-xInxAs
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H] g o]

AA NN =
1x10%ecm ™3¢l A% I &

F7Hetel e} o) F =7} HA

1.14x10* cm?/ Vs Gl 2 2.75x10? cm?/ Vs
(InAs)e} Zroez AU =, §F Ado) g

L

AFst ga 4dol I AE va A A9
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