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Abstract

The hydrodynamic model parameters for the submicron GaAs simulation are calculated using
the Monte Carlo method. I'-, L-, and X-valleys are included in the conduction band of GaAs,
and polar optic phonon, acoustic phonon, equivalent intervalley, non-equivalent intervalley, ionized
impurity, and piezoelectric scatterings are taken into account. The velocity-electric field strength
curve obtained in this paper is in good agreement with experimental one. We present the results in
tabular form so that other participants can make use of them to simulate the submicron GaAs
devices by the hydrodynamic model.
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Table 1. Material constants for GaAs.

o ) ) Value  Value
Material constant unit T L X
Density g/cm® 5. 360
Sound velocity nY's 5. 240 X 10°
High-frequency
dielectric constant 10.92
Static dielectric
constant 12. 90
Lattice constant em 5.642%10°*
Effective mass m* 0. 063 0.222 0.58
Number of valleys 1 4 3
Nonparabolicity eV ! 0.610 0. 461 0. 204
Valley saperation oV B 0.3 0.67
from I valley
.0 phonon energy eV 0. 03536 0. 03536 0.03536
Acoustic deformation
potentiel eV 7.0 9.2 9.7
Piezoeleciric constant C/m? 0.16
Intervalley deformation
potential eV/em
r 0 1X10° 1x10°
L 1x10° 1x10° 5x10°
X 1x10° 5%10* 7% 10
Intervalley phonon energy eV
r 0 0.0278 0. 0299
L 0.0278 0.0290 0. 0293
X 0. 0299 0. 0293 0. 0299
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Table 2. Model parameters at T,=300°K,
Ne=1X10"/cm®.

F w v T m* Tw
1.0 0.043 0.800 324 0.063 0.287 0.069
2.0 0.055 1.460 396 0.063 0.262 0.054
2.5 0.067 1.777 474 0.064 0.260 0.064
3.0 0.090 1.941 640 0.068 0.251 0.088
3.5 0.116 2.022 829 0.076 0.249 0.110
4.0 0.142 2.024 1025 0.082 0.235 0.128
5.0 0.194 1.888 1424 0.099 0.212 0.165
6.0 0.239 1.728 1774 0.116 0.190 0.193
7.0 0.262 1.550 1962 0.124 0.156 0.206
8.0 0.277 1.476 1975 0.131 0.138 0.202
9.0 0.297 1.285 2247 0.143 0.116 0.223

10.0 0.314 1.240 2379 0.152 0.107 0.222

20.0 0.370 0.986 2824 0.187 0.052 0.168

30.0 0.410 0.939 3131 0.217 0.039 0.132

50.0 0.474 0.880 3623 0.268 0.027 0.100

70.0 0.529 0.793 4051 0.313 0.020 0.088

100.0 0.600 0.770 4597 0.357 0.016 0.073

E: 3 3. T,=300°K, Ny=1X10"%/cm® %l 9]

shepele B
Table 3. Model parameters at T,=300°K,
Ng=1X10"*/cm®.

F w v T m* 7= Tw
1.0 0.043 0.777 324 0.063 0.278 0.057
2.0 0.058 1.535 416 0.064 0.278 0.063
2.5 0.068 1.750 483 0.065 0.259 0.067
3.0 0.085 1.876 605 0.068 0.241 0.082
3.5 0.113 1.940 813 0.074 0.234 0.110
4.0 0.136 2.046 980 0.079 0.230 0.119
5.0 0.197 1.910 1445 0.100 0.216 0.166
6.0 0.238 1.733 1776 0.115 0.188 0.191
7.0 0.257 1.571 1922 0.124 0.159 0.199
8.0 0.289 1.395 2178 0.138 0.137 0.224
9.0 0.294 1.318 2221 0.141 0.117 0.215

10.0 0.309 1.267 2339 0.149 0.107 0.213

20.0 0.373 0.992 2846 0.189 0.053 0.168

30.0 0.412 0.917 3149 0.216 0.038 0.135

50.0 0.469 0.861 3587 0.264 0.026 0.100

70.0 0.528 0.806 4042 0.315 0.021 0.087

100.0 0.599 0.757 4591 0.355 0.015 0.074
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E 4. =300°K, Na=1x10"*/cm® & 2] A& 559 dolelE curve fitting ©1 4+ interpola-
shepel e} gk dong ol AHER & ek AzE,
Table 4. Model parameters at To,=300K,
Na=1x10"/cm. V. ZEY HE
2 =50l A& hydrodynamic modeloll 234] sub-
F w v T m* Tn Tw micron deviceZ Al Fd@lol sty i Fe|dAZ
1.0 0.044 0.716 333 0.063 0.256 0.071 Monte Carlo codeZ 7 %-3od GaAs®) hydrodynamic
2.0 |0.061 1.468 442 0.064 0.269 0.075 model parameter 5% 2Zatich 300°Ke AL
2.5 |0.063 1.663 494 0.066 0.248 0.072 ol 4Bl 2z 1x10M, 1% 10%, 1x 10",
3.0 | 0.087 1.819 624 0.0680-234 0.088 IXTI0%/en® <1 T~100 KV /om3] A= olo] a2
3.5 |0.103 1.929 793 0.071 0.223 0.094 shebelel ZheS AAahelch AAE AA A ol
4.0 [0.136 1.921 986 0.082 0.223 0.126 @ Ao HALE e Asgid 2 Qo] &
5.0 [0.189 1.844 1390 0.097 0.203 0.163 v T W st e e P
6.0 |0.238 1.641 1773 0.116 0.180 0.202 AdA R et 2 T T 2ee 29
7.0 ]0.256 1.538 1917 0.123 0.154 0.202 2 st GEe X2 At o ATvhe
8.0 |0.281 1.415 2116 0.134 0.135 0.214 ol A AL £ A= F sholch
9.0 |0.299 1.330 2259 0.142 0.120 0.218 ¥ =mola me{six] ok wele] Yegew
10.0 0.315 1.223 2388 0.151 0.105 0.226 AA gk HE =l ﬁ}.a}u{]E«]ﬁ-;?_ Az A A4
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