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In this paper, the current-voltage characteristics of a submicron GaAs MESFET is simulated by using
the self-consistent ensemble Monte Carlo method. The numerical algorithm employed in solving the
two-dimensional Poisson equation is the successive over-relaxation(SOR) method. The total number of
employed superparticles is about 10000 and the field adjusting time is 10fs. To obtain the steady-state
results, the simulation is performed for 10ps at each bias condition. The simulation results show the

average electron velocity is modified by the gate voltage.
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Fig. 1. Electron scattering rates.
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Table 1. Parameters for GaAs [10)
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Bulk Material Parameters

Lattice Constant (10™cm) 5.653
Acoustic Deformation Potential (eV) 7.170
Sound Velocity (10°cm/sec) 3.803
Longitudinal Optical Phonon Energy (eV) 0.0353
Low Frequency Dielectric Constant 13.18
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Valley Dependent Parameters
G. L_ X
Valley [ Valley | Valley
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Number of Equivalent Valley 1 4 3
Vall . .
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Fig. 2. Two dimensional structure of the simulated

MESFET.
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Fig. 4. Profiles of average electron velocity.

0.3

T 1] 1 A
L=0.25um, d=0.1um
T = 300K, N, = 7X10"cm™
= V. =-0.05V
€ o2 * -
; -0.2v
E
3ot
S
-0.8V
0.0 bty =
Q.0 0.2 0.4 0.6 0.8 1.0
Vg [VI

a7 5 AF-HS §A
Fig. 5. The current-voltage characteristics.

4.8 £

ATFME QEAANLHE F4E EHINERZ
ol &3l MEw|aZE GaAs MESFETS DC
AN EHolAatga. 21449 Poisson WA
X Y ZIgezs asn mE £EAS ZE
SOR W& olgssdrt. AEHlAE oF 1000074



go L > oax o

MESFETS] AF-H% 54

297 +% 1068 BA AZY A A2
Asigten), 2 dolols ZANA 10ps Fetol
gaolaadch AdE el
shiet Ad wge] A BT SEAE 4

FHE A

V&S

gastgict. A geHoldS
F4e& 49

il

T3

® B d7E 196E9E Fdigdn gedTF
zgud st ATHUS,

(S|

M. B. Das, "Millimeter-wave performance of
ultrasubmicrometer-gate field effect transis-
tors: A comparison of MODFET, MESFET,
and PBT structure,” IEEE Trans. Electron
Dev., volED-34, no.7, pp.1429-1440, July 1987.
D. Widiger, I. C. Kizilyalli, K. Hess, and ]J. J.
Coleman, "Two-dimensional transient simula-
tion of an idealized high electron mobility
transistor,” IEEE Trans Electron Dev., vol.
ED-32. pp.1092-1102, June 1985.

Y. Awano, K. Tomizawa, and N. Hashizume,
“Principles of Operation of Short-Channel
Gallium Arsenide Field-Effect Transistor
Determined by Monte Carlo Method,” IEEE
Trans Electron Dev., vol. ED-31. pp.448-451,
April 1924.

C. Jacoboni and P. Lugli, The onte Carlo
Method for Semiconductors Device Simula-
tion, Springer-Verlag, Wien-New York, 1989.

C. Moglestue, Monte Carlo Simulation of
CHAPMAN &

Semiconductors
HALL, 1993.
W. Fawcett, AD. Boardman. and S. Swian,
"Monte Carlo determination of electron
transpor properties in Gallium Arsenide,” J.
Phys. Chem. Soluds. vol. 31. pp.1963-1990.
1970.

K. Tomizawa and N. Hshizume, "Ensemble
Monte Carlo simulation of an AlGaAs/
GaAs heterostructure Mis-like FET,” IEEE
Trans Electron Dev., vol. 35, no. 7, pp.849-
856, July 1988.

S. Selberherr, Analysis and Simulation of

Devices,

=8 : 48028 MESFETY DCSA——d84, £47, ¢4

Semiconductor Devices, Springer-Verlag, Wien-~
New York, 1934.
W. Hockney and W. Eastwood, Computer

Simulation Using Particles, McGraw-Hill
1981.
S. Adachi, "GaAs, AlAs, and AlGaj-xAs:

Material parameters for use inresearch and
device application,” J. Appl. Phys., vol. 58. pp.
R1-R29, August 1985.

1004

494

196613 129 1194, 1990 29 FAd%
T AATHE TR 192d 28 T o
35t AATHI 44} 1997d 8Y
% dgm dad A3} w197
d-d4 Foldga #4 FgedTa
a7

sas

19714 29 28394, 19%64 29 $d%
2 ARRLFAS FHA 19974 29 §
9T dad AARLFES 3
A,

a4

19459 129 2194, 1964d-T14 sl
g2 Fu A/FH . 1972414
T UEHE B W73 EA(HAD.
19899-93d  Fddgn  gHd(Fe).
1979 8A Fdiga Az, A7), AE

HEAE 04,



