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Anaysis of electron transport characteristics using full band impact

ionization model on GaAs

- field direction dependent analysis -

Hak-Kee Jung, Jong-In Lee
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Abstract

The field dependent characteristics of electron transport with GaAs impact ionization have been analyzed,
using GaAs full band E-k relationship. The E-k relationship is derived from empirical pseudopotential method,
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using Fermi’s golden rule and local form factor, and Brillouin zone is divided into tetrahedrons for

calculating impact ionization rate, and tetrahedron method, in which integrates each tetrahedrons, is used.

Monte Carlo simulation is used for analyzing anisotropy of impact ionization. A result of transient analysis

for impact jonization has presented that anisotropy of impact ionization only arises during transient state

and impact ionization is isotropic under steady state. Anisotropic characteristics of impact ionization for

GaAs, which is presented in this paper, can be used in carrying out a transient analysis for GaAs devices
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o #2933 A (Fermi’s golden rule)d} local
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2 d7elME GaAsd] FWETEE FE
$iste) A¥H E-kBA s A2 AHE &
=% 5 dE gArxddd e ojgsigch At
el Cohen et alol 93to] AXF uhy
224 FWE EkBAE T3] H3t AR %
HA3HA ARgsojA 2 gle) e]w F7]A4 <l Bloch
BE5geet GAAEE] GE AR Uiz E
11371¢] GHElE o] &3l Axlsidch F, A (1)
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gogn We=T2E ALY & Ut
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HY(k) = L 1k+ G+ V(0)

Vi Gi— Gpcos[( Gi— Gy - 1]
+1VA( G- G,)sm[( G,— G,‘)' 7] i+

4714 ke BRE29] 9] steae]e]r).
G2l G F N9 9AA Helol ¢ =aj16[111])0]
o ag Aol AR &3 3 dYA wix
Aok 2] GaAso|lA= A njdAAE 3
A s2qde, Vol Vae YALZEHA form factoro)
HAAAF v AA-E Jehll= §<4e]cl. Nonlocal
corrections®} spin-orbit splittingel] 2§ Az}= &
Azl e A9 form factor® F317] ¢33ty
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E 1. YAL*=A form factor
Table 1. Empirical pseudopotential form factors in Ry.
(28] : Ry)

Vi | Ve | Vi | V3| Vi| Vi
-0.2350} 0.0164 | 0.0500 | 0.0786 | 0.0526 | 0.0051

H 2. dwA4 A¥@F ALz evA vlw
Table 2. Comparison with experimental and
calculated energy in eV.

(29 : eV)
State Experimental Present
L, - T 1.42° 1.42
L - Le 1.712 1.71
I - Xe 1.90% 191
L, - I 4.63° 446
I - I 1.77° 1.42
Asy - Ae 2.89° 2.75

* Ref.7 ° Ref.8
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Fig. 1. Full band E-k relation for GaAs obtained
from empirical pseudopotential method.
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Fig. 2. (a) impact ionization rate and (b) mean
energy of secondary electron calculated
by full band E-k relation.
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FBr(D= § ST E UM+ M+ M, - M%)
X 8(E, + Ey— E = E2)IS 1)

Al (5)2] AxAT, TeuiA] Gy oA
AYAo 2 vzt AHE 28 4 gdderns
Y Eo] 23143} o] A A YA F 4] (6a)2} (6b)
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dH Eo] 235 !

S E)=5.32x10"(E—1.73)** oo (6a)
o] 32 z}ell L) A]:

E = 0.55E—1.15
0.267E—0.237

1.73eV< E<3.18eV
E>3.18¢V
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Fig. 3 Impact ionization coefficients
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Fig. 4 Group velocity as a function of
elapsed time
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