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Abstract

We calculated the drift -velocities of
semiconductor materials of high performance

and Al mole fractions as well as the clectric

valence bands the accuracy
scattering due to the inelastic scattering of

of the low- and high-field mobility

square fitting method. The accuracy of the

low-ficld electron mobility as well as drift velocity

of hole drift velocity

f electrons and

HBTSs,

acoustic phonon.
of clectrons and holes were extracted hy

formulas

holes of Ing

was

of Iny.:

SALGar Do pAs. which 1s used for

along with the various doping concentrations
fieclds by Monte Carlo experiment. Especially, for the

improved in the consideration of intervalley
From the results the empirical formulas
using nonlinear least

was proved by comparing the formula of

Gae i As and of low field hole mobility of

(aAs with the measured values, where the error was below 10%. For the high field mobilities of
clectron and hole the results calculated by the tformulas were very well matched with the NC
experimental  results  except  at the narrow field  range  where  the  clectrons produced  the
velocity overshoot and the corresponding crror was about 30%..

Key Words(Z £ &01): Monte Carlol2E&| 2FE 2}, mobility(0l & %), InGaAs(e & Zaf28|a)

1. A

fh

3t InGaAs HeAli: TIBT (IHetero junction

Bipolar Transistor)®] o]~ s s Apgsho] 4
b Rk Al
olck . InGaAsys W 2ol Falow
HdEAgol #v] wjitof HBTAM wel Ay
N R R At S S AN YIS |

o ddang w9
o InGaAs #ol el al st of 1]

]
1
Bl 244 InAlAse InP% s Ab&olizv, of A9

scaling @)

3 fl.ﬁEEH El& ozl (AECHD M InAlAs
ol*l“rhfl R S o

01.},;9} e} el s b Al g

P (- Ees036eV) el vyl 2yt

"—VW I PR ) e L

Q8lel gFrshdel ol sle eulEel Al wel s
mee A 494 SIS R R R R e |

R L
wi o AT A abE Al

4 106 4% 209
L lYoe 6€ 199

Ao slel 9is dlel s el Y hdehed o

: sslo] S At g rbehE A

Aol 2l Lo ASEe L A Felahel

vk ealel thoel
H

ORI I B

ot

upub At ek
v
A

1 A=
L ?1 -

RECIRES

CEEE

e LH ps ’;" —,)‘}

011 el

5} 4] 4) 0,504

CEEERE (\
Moban, A g @]
o AbAlstar vk i andbell A

AL st o ALGeg \)u.j;\.\9]
- MC Hglo i Alarsbar, o

1
2] &k S | 2
l ? £ /‘}"

(=] ;Pd O]J[E/ =

) i
Fase,

2. Ings3(AlGay KoarAsel M xnzlofH

1904 gaEel \MC Aol flol WRE wu
e} pAzpge] g EHAd vl eise oln) 4
dHgolic 294 88HE F GaAs, InAs. AlAs9]



A st g 2R e Wi os Alabd AR
Argatanh cduAHS Mg B st
o A% WAt o8 A9 AR E AHEEEA
o7 WL bowing A4S nEd @) &

oT’—T
qe Abgsteh. AelA PE B el
i, X Ye

7

Eajoldh, A(2) M ¢ bowing &

£ E1d Aelstan.

4 © = B o me o

Payissct o1 yp=Pan- Y+{[Ppp . X+Pep . (1- X0 (1-Y)

(n
Eayinct o1vp=Eap . Y+HEpp - X+Eep + (1-X0 (1-Y)
~Casen - Y - (1-Y) (2)
E: 1. bowing 45"
Table 1. bowing constants”.
O Cr 0.44 (for Al, X=0)
Cascn 054 (for Al, X=1)
| CL 1.10
| Cx 2.0 B
Inoss{ AlkGai sJoszAst InP 713he] A A5 4=
58676 A%t YA &Y InosGaprAs (x=0)2] o] =]
2 Ec=0.7505 ¢V oA InesmAlorAs (x-1)2] oy

A7 Eq=14747 eV 742 Al E08]o} whe} ol 43
£ 07242 eV ®EAZ F da, BE Evld ol
o;] Z]z%u}]L_,] TRE 1-}‘;:];1__

MC 4489 ﬁﬂ’r{“ Abg et fFE A 7]
ol #F5EHAE B mReMi= dEEE fFad
% density of states effective mass)S AF8-31%

, 7L AN 249 A olx sty

3

3. Ao

3 E Btk
dElo] 7]
of] 4 2
phonon, phonon, plasma%+
impurity Z1&€] 3L intervalley (I'<>L, I'=X, LX)
dars e aestdo”. AR YlE heavy  hole
band®t light hole band® FAEo] Qdir, F W=
7} K=0 °A ZFH(degenerate) o] A7] uwfFof
Aol Al BH34E Ay fEi durHoex
slute] XEM Mg e T REFEY
Hyt Fad Abg-8fo] FALAH O E
o) oeEu, B °ﬂ’\i = 7—? Hevtt HEd
9 ol 2 9 + :

Asti, 53

- A 2]
uf o]

polar optical

A==
=} 2]

r,L X Alfes
A7 T RA 2 A
phonon,

nonpolar optical

acoustic ionized

mﬁm

p=Ne)

l
k 49 i o&E
g my e
1 rlo
~
b r—r‘
rL
N
i) —#J
5 o
2 m\,o
32
o
|d
b

565

A ARARE A Vol 9, No. 6, July 1997,

acoustic phonon AF#he] &) 22 o= 9] w3t
of oM F W7k Holrlt Y £ v o
%ol acoustic phonon®l HIEHY  FE(acoustic
phonon ey #) el F4=oF W&o 2)g Wz A
2 DD, Inesa(ALGar VosAsel Al
x=03¢ W AR HEe eluxe s
acoustic phonon Atgkell ¢]3k ¥Rz 7F H o) &
: %’ lol GERRITE, 1ol A B o] &3l Oﬂ

12l thate] Mgk Holgo] & 2o RAF
D2 HEAg FF olTng Asslr] slelMq wl

= AR Fht,

ol &&

Ll

U‘o

H]
o
L

gk Hol g

h (Al Ga ) As, T=300KN= =10"em®
0.53 0.3 0.7 047
1014
light to heavy hole, emission
'y 13 |
v 10
% ight to heavy hole, absorption
[ih]
o 107
[e)]
£
-
£ 1ok heavy to fight hole, emission
m F
a
o heavy to light hole, absorption
2 10°
109 i " 1 1 L
0 0.1 0.2 03 0.4 0.5
Hole Energy[eV]
38 1. Iness(ALGa;r JorAs®] x=0.39) w BlekA
acoustic phonon gl 21F  heavyv e}
light W12 #}o)o} Hol g
Fig. 1. Transition rate between heavy and light
band due to the inelastic acoustic
phonon  scattering  for x=0.3 of Ings

(AlLGar VoszAs.

Al ujo] st QA7 o Fue daAe N

iy |l
o 7ol x=0 ¢l InpssAlogAse] ol X e A3 Ag
AGuidsted Fa o
(X, N)= g (ON) X (1-x)+ L (IN) X x (4D
olgd A F& Adddm MC A9 A3E 0¥ 3
01]"1 et a, BE dE XS Euld distd
T A% F HATE B+ Uk



12000 1000
‘_hmeauaAs
10000
.g. 1 800
5 3
8, 1600 &
E\ A
3 Z
o —
€ 8
: ®E
« 4000 2]
3} f 3
8 —form. T
W --MC 1 200
2000 e Chin et. al
= Blakemore
0 bbbl al b kil
1014 101! 1013 1017 10‘!
Doping density [cm]
a3, 2. InessGanrAsel @A 7z} o] %19
MCHERdsst dd48 43" 4
GaAse] AdA Ay ool MC ¥
#2345 Blakemore 484" 7 %4
ge) vl
Fig. 2. Comparison of the MC results and
empirical formulas of low - field
clectron mobility  with the measured
values”)  of InossGaprAs, the MC
results of low-ficld hole mobility with
the empirical formulas and measured
values'’ of GaAs.
aEA Aol A Aabel FEY ZEHLs A
Aol st M2 o FHE Rd@Ech #aps
ARz Aolell oslA HH- QW FET MAEHA
. Iness(AlGar orAse] HA ¥ &5e] MC 4
4 Ade E4FE 29 da)el A vlwsreia,
AAAt BAA o F AFRIE T Az lé“’
RN =
4 MXet HI ols59 AEA FEy Ay

Ha MC WAz B =g N=NprNay o
A A A e ‘41}9} e A4t
tx, 21 71E€7  pr = vie EFE AAA olELR
=&Y a8z, o¢ 2 -
%i} l l"“ﬁ HhESle] mgipol tid A
A =g Fsbar, o A 1

13)& Hl'ﬁﬁé HaeAFdg Ade A

T e A =
& R

l

B fTome

L mlm

ru_
ﬂio}r

rn
7

CIneslALGar JorAse) Hakek HF o} 4 g 42
n (AsGa ) As, T=300K
53 X 1-x°0.47
—form.(x=0)
12000 I o - form.(x=0.3)
. -form.{x=1)
10000 o MC(x=0)
2+ MC(x=03)
) 4 s MC(x=1)
$ 8000 EEPT e
> a Trrreeas
C.\l\ Aa .
£ 6000 | At a T
O, A
-
2 4000 |
LW IR
2000 f. & g
“"rn'-l..._..._.__..-

Doping density [cm™]

n (AlGa ) As, T=300K
53 x 1-x"0.47

—form.(x=0)
400 -.form.(x=0.3)
:' - form.(x=1)
RERY Yo ® ¢ MC(x=0)
----- \ 4 MC(x=0.3)
T a0} Trwenr N\ tMek=1)
Q [} \. .
P Al
&
£ 200}
9,
-l
L8
100 |
o " mi | 1 ol "
10" 10" 1w 107 10"
Doping density [cm™]
3 3. Ines(AlGar orAsel A s NI Al
29 xol ol aek bygFe HAAA o]

Fuel AP MCAY Avhele) wla
Comparison of althe empirical formulas
of low-field electron mobility and blof
low-field hole mobility with MC results
and x(Al

mole fraction) of Inpss (AlkGar (Jod7As.

Fig. 3.

for N(doping concentration)

4942

ol 5 &



FEobat EYsnd g dxs 4@ A3
A olEs A¥HG9 HetvlHEe w2o) Wel
At

Azt Agel A olE%

A
Ny = — (3
# [1+B- N]
£ 2. EHEZo o3t dxteop el %47
olE W A etulg

Table 2. Parameters of empirical formulas of

electron and hole low-ficld mobility

for the various doping concentration.
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