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SUMMARY 

Microwave performances of GaAs MESFETs with submicron 
feature sizes are investigated numerically in this work in 
order to get clear physical insight for device operation at 
microwave frequencies. Total Quantity of Carrier analysis 
method is implemented in our newly developed two-dimensional 
program to model carrier transport problems. Time-dependent 
carrier transport equations are coupled with carrier momen­
tum and energy balance equations to take account velocity 
overshoot and saturation effects in submicron GaAs MESFETs. 
Microwave performances for GaAs MESFETs with device feature 
size ranging from 0.3 to 1.0 micron are calculated and good 
agreement between simulation and published experiment is 
obtained. 

INTRODUCTION 

The rapid progress in development of processing technolo­
gy and improvement in material properties make GaAs MESFET 
one of the most promising microwave solid state devices. It 
is, therefor, important to develop an accurate model in 
order to reveal physical insight and predict the performance 
for submicron GaAs MESFETs operating at microwave frequan-
cies. In our recent work (S.Xiao,1987), transient and high 
frequency performances for both GaAs and silicon FET with 
submicron dimensions have been successfully modeled by us­
ing Total Quantity of Carrier analysis method (C.Huang, 1986). 
In this work, we extend this model for microwave analysis 
of submicron GaAs MESFETs. 

NUMERICAL MODELING 

As device feature size is reduced down to submicron range, 
it is noted that electron transit time is comparable with 
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momentum relaxation time and velocity overshoot and veli-
city saturation effects can no longer be neglected.In our 
novel two-dimensional program, time-dependent carrier tran­
sport equations are coupled with a set of phenomenological 
equations to take these effects into accounts. These equa­
tions are: 

(1) V-F = p/e 

dn 1 
( 2 ) ---Vjn = C-R 
*• ' dt q 

, . dm(E)v rnv 
( 3 ) ~dT'-qF-^E) 

(4) ^-J:F
 E-EQ 

dt n r £ ( £ ) 

( 5 ) } = -q™ + qD{E)Vn 

where E is the average electron energy, m(E) is the effec­
tive mass of electron. EO=3/2K • T0, T0 is the lattice tem­
perature. TP(£), and rt-(t) are the effective momentum 
relaxation time and effective energy relaxation time, they 
are determined by following expressions (M.Shur, 1987)1 

(F, fm[F(£))v[F(E)]) 

^ r'(£)i—w)—L„ 
( 7 ) T t - ( £ ) = 

q{F(E)v[F(E))}M ady stale 

A new a l g o r i t h m , a l t e r n a t i n g - d i r e c t i o n s c h e m e , i s u s e d 
i n t h e p r o g r a m f o r s o l v i n g t i m e - d e p e n d e n t t r a n s p o r t e q u a ­
t i o n s . The g e n e r a l f l o w c h a r t i s shown i n P i g . 1 . 

SIMULATION RESULTS 

Shown i n F i g . 2 i s t h e i l l u s t r a t i o n o f e l e c t r i c f i e l d 
d i s t r i b u t i o n f o r 0 . 3 yum GaAs MESPET. The t w o - d i m e n s i o n a l 
s i l u l a t i o n shows t h a t e l e c t r i c f i e l d u n d e r t h e d r a i n e n d of 
g a t e i n a 0 . 3 jum GaAs MESFET i s w e l l a b o v e 5 . 0 E 4 v / c m , 
c r i t i c a l v a l u e f o r v e l o c i t y o v e r s h o o t , and c o r r e s p o n d i n g 
d r i f t v e l o c i t y i s c a l c u l a t e d t o be a b o u t 9«OE7 c m / s , 3 t i m e s 
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s t eady s t a t e s o l u t i o n 

t a k e b i a s f o r new t ime s t ep 

upda t e boundary 

s o l v e t ime dependent t r a n s p o r t EQ, 

M-m+l| cal» small s i g n a l pa ramete r s 

cal .Microwave pa ramete r s 

K-K+l 

so lve P o i s s o n ' s EQ, 

(2m+i) t r : 

solve continuity EQ. 
in X direction 

X 

solve continuity 
Eq. in I direction 

\ 

H -^cJJonverged^. 

if 

oal. 
- • 

solve momentum and energy EQs. 
to determine Vd 

1 
field, concentration and current 

i 

F i g , 1 General f lowchar t of microwave a n a l y s i s program 
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as large as saturation velocity (J.O.Rush,1972), 

S 

Pig. 2 Illustration of electric field distri­
bution for 0.3 um GaAs MESFET 
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P i g . 3 I l l u s t r a t i o n of e l ec tron d i s ­
t r i b u t i o n 

Using two-dimensional s imulat ion, p a r a s i t i c capacitance 

and other small s igna l parameters for d i f f erent channel 

MESFETs are evaluated and t h e i r dependence on devioe aot ive 

l a y e r th ickness and ohannel doping concentration i s i n v e s t i ­

gated* Minimum noise f igure and as soc ia ted gain v s f r e ­

quency for 0 . 3 and 0.5Aim MESFETs are ca lcu la ted based on 

s imulat ion r e s u l t s and by fo l lowing Fukul's work (Fukul.H, 

1979)» as shown i n Fig.4« Coparison between these c a l c u ­

l a t e d r e s u l t s and published experiment (J .A . Turner,1982) 

shows good agreement. 

Based on two-dimensional s imulat ion, Maximum operation 

frequency for dev ices with d i f f erent gate lengths are a lso 

pred ic ted , t h i s i s shown i n F ig . 5* 
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Fig. 4 Minimum noise figure and 

associated gain vs frequency 
for 0.3 and 0.5 urn GaAs KESFETs. 
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Fig. 5 Maximum operating frequency 
for GaAs MESFETs with dif­
ferent gate lengths. 
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