
Extended Abstracts of the 1998 International conference on solid State Devices and Materials, Hiroshima, lggg, pp. 3g4-3g5 D-7-3

Analysis of Electric Field Distribution in Novel GaAs MESFET with a Fielil-Modulating plate

Yasuko Hori, Masaaki Kuzuhilor, and Masashi Mizutar
Kansai Electronics Research Laboratorieso NEC Corporation 9-1,2-Chome, Seiran, Otsu, Shiga 520-0833 Japan

Phone. +81-77-537-7684, Fax: +81-77-537-7689, e-mail: hori@kel.cl.nec.cojp
TULSI Device Development Laboratories, NEC Corporation 9-1, 2-Chome, Seiian, Otsu, Shig;520-0833 Japan

1. Introduction
Significant improvements both in the breakdown

voltage and the microwave power performance were
demonstrated by employing a novel GaAs MESFET with
a field-modulating plate (FPFET), where the field-
modulating plate (FP), whose potential is kept equal to
ttrat of the Schottky gate, is placed between the gate and
the drain recess edge []. The FPFET is thus structurally
different from the conventionally proposed overlapping-
gate FET 12,3J. The effects of structural FPFET
parameters, such as the FP length (L.) and the distance
between FP and the gate (Lor), on the breakdown
behavior have not yet been studied theoretically. In this
paper, we report the potential distibution of the FPFET
calculated using a 2D ensemble Monte Carlo simulation.
The electric field in the channel of various FpFETs
including that of the overlapping-gate FET will be
discussed. Finally, experimental results of electro-
luminescence intensity measurements performed on the
surface of FPFET will be presented with reasonable
agreements with the calculated field distribution.

2. Device Structure and Simulation procedure
The FET structure employed for the theoretical

analysis is a recessed-gate GaAs MESFET with a gate

F-rgttt of 0.9pm and a gate-drain recess distance of 2.5pm.
The doping density of the n-type GaAs channel layer was
chosen to be 2 x l0r7cm-3. we assumed a dielectric film of
0.1pm thick sio2 deposited on the recess surface of the
channel layer and the FP electrode placed on the SiO, film
between the gate and the drain-side of the recess edgi lsee
Fig. 1).

To precisely take account of the high-field electron
transport phenomenon, we have employed an ensemble
Monte carlo model incorporating a nonparabolic f-L-X
analytical band for GaAs. The model includes polar
optical phonon scattering, intervalley deformation
potential scattering, dnd ionized-impurity scattering.
During the simulation, no bulk charge was assumed
within the SiO, film and the Fp voltage (V.r) was kept
equal to the gate voltage (Vgs).

3. Results and Discussion
Figure I shows calculated potential distributions for

the conventional MESFET (with no Fp electrode) and the
FPFET. The devices were biased at Vds=20V and at
vgs=-0.8v, where drain current of about one half of Imax

flows for both FETs. Note that an additional high-field
region was produced under the FP electrode for the
FPFET.

Figure 2 plots the electric field distribution along the
channel. It is obvious that the introduction of the Fp
electrode confributes to the rela,xation of electric field at
the drain-side of the gate edge.

D

=
iii; sio,

, ; .il\[
' i-::=::=''-- 

OV"-;.ir n-GaAs
iiiiiizov
!ril t 1

I

'i:i:i:'."i,.'..'. 
'i

:iiiiii'r,:itili,. \
:l:lii:liliilil i GaAs bufier layer

Fig. l. Potential distributions for conventional
MESFET (upper) and FPFET (lower) biased at
Vds:2OV and at Vgs(:Vrr):-0.8V

Fig. 2. Electric field distributions in the channel for
conventional MESFET and FPFET biased at
Vds=2OV and at Vgs(:Vr")=-0.8V.
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I Vds=20V, Vgs=Vrr=-0.8V

i'l-*nu. MESFET (without Fp)

FPFET (Lr=O.Sum, L6p=0.5um)
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Figure 3 shows the peak electric field at the gate edge

as a function of the position of the FP electrode (L6p). The
peak electric field at the FP edge is also plotted in Fig. 3.

It was found that the field intensity at the FP edge does

not exceed that at the gate edge and is relatively
insensitive with respeot to the changes in both L6p'and Lp.

On the other hand, the peak electric field at the gate edge

exhibited significant dependence on L6p and Lp, where we
noticed a general tend that the field intensity reduces with
the decrease in L6p. However, an exceptional behavior
was seen for the FPFET with a small Lp value, i.e.,

typically less than 0.5pm, where the electric field at the

gate edge for L6p:0pm (corresponding to the

overlapping-gate FET) is larger than that for the FPFET

with a furite value of L6p (<0.5pm ). This indicates that
the vertical field termination at the FP eleofiode for the

FPFET becomes more efficient than the overlapping-gate
FET, leading to a more reduced electric field for the

FPFET, when L6p is smaller than the high-fteld region

length near the gate edge, which is typically about 0.5pm.
These results suggest that the FPFET struoture can be

optimized simultaneously for higlr breakdown voltage and
for high-frequency operation when a reduoed size of FP is

adopted.
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Fig. 3. Peak Electric field at gate and FP edges as a

firnction of Lor for FPFETs (Io:0.2, 0.5, 1.Opm)

biased at Vds:2OV. Peak electric field at the gate

for MESFET (NO-FP) is also shown.

In order to veriff the field distribution in FET
experimentally, we have measured the spatial intensity
distribution of electroluminescence (EL) emitted from the
surface of the FPFET under high-voltage operation
(Vds:20V). As shown in Fig. 4, we can see two strong EL
peaks, i.e., one at the gate edge and the other at the FP
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edge. The positions of these two peaks correspond to
those for the calculated elechic field peaks, as already

shown in Figs. 1 and 2. These results suggest the validity
of the FET model employed in this simulation.

Fig. 4. Spatial distribution of electroluminescence
from FPFET biased at Vds:2OV and at Vgs:-O.lV.

4. Conclusion
The electric field distibution in the channel of FPFET

has been theoretically investigated. The electric field
intensity at the gate edge was significantly rela:<ed by the
infioduction of the FP elecffode. From the field intensity
calculated as a funotion of Lp and L6p, the peak elecftic
field for FPFET with a finite value of L6p<0.5pm has

been found to be reduced compared to that for the

overlapping-gate FET when a small LF (<0.5pm) is
preferred. These results indicate that the optimizsd FPFET
with smaller L6p than the'high-field region length near the
gate edge is especially promising as a high breakdown
voltage device for higher-frequency operations.
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