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ABSTRACT

New simple computer and analytical models of GaAs MESFET's are proposed.

The models are based on the assump-

tion that the current saturation in GaAs MESFETs is related to the stationary Gunn domain formation at the drain

side of the gate rather than to a pinch-off of the conducting channel under the gate.
The models can be used for a computer-aided design of GaAs

lation are in good agreement with experimental data.
integrated circuits.

Introduction

We describe two models of a GaAs MESFET (computer
and analytical) which are very suitable for the appli~
cations in the computer-aided design. We also present
the current-voltage characteristics, small-signal para-
meters, power-delay products, switching times of GaAs
FETs calculated in the frame of these two models and
compare them with the results of previous computer cal-
culations and experimental data.

Both our models may be considered as a compromise

between a simple qualitative description of FETs provid-
Shockley theory and a rigorous computer anal-

ed by the
ysis. The Shockley theory gives a physical insight
into FET's operation but fails to provide a reasonable
agreement with experimental data because the hot elec—~
tron effects are not adequately included. A rigorious
two-dimensional analysis, on the other hand, requires

a very large computer time and that is why it is hardly
suitable for a computer-aided design.

Our computer model requires a very small computa-—
tion time (0.2 sec per point of current-voltage charac-
teristic) but it is based on the physical picture
revealed by a rigorous two-dimensionsal computer analy-
sis and takes into account the diffusion processes and
the Gunn domain formation at the drain side of the gate.
For the analytical model we use the standart Shockley
theory of FETs to describe the section under the gate
and the analytic theory of Gunn domain in high-~doped
semiconductors developed by Gelmont and Shur [1]. The
saturation current, channel conductance, transconduct-
ance, charge under the gate, gate~to-source and drain~-
to-gate capacitances, cut-off frequency, characteristic
switching time, power-delay product and breakdown volt-
age are calculated in the frame of these models. The
results agree well with the results of the computer
analysis and experimental data for a 1 um gate GaAs
MESFET.

Description of the models

and analytical results

The main features of the computer model are

1) It divides the MESFET into three sections
(a) source-gate portion which is assumed
to behave like an ohmic resistance (b) a
channel under the gate, and (c¢) adjacent
Gunn domain, extending toward the drain,
which can form if the electric field at
the drain side of the channel is larger
than a sustaining domain field. In this
aspect the model is similar to one devel-
oped by Engelmann and Liechti [2].

2) The x~component of the electric field
under the gate is always smaller than the

electron-velocity peak field Ep. The

CH1355~7/78/0000-0150$00.75 ‘(:) 1978 1EEE

The results of the calcu-

heating of electrons under the gate is
thus negligibly small.

3) The carrier concentration changes grad-
ually at the boundary of the depletion
layer due to the diffusion effects. This
distribution, is approximated by a sinus-
oidal function and a two~dimensional solu-
tion of Poisson's equation for the approx-
imated carrier distribution is used. 1In
this aspect our model is similar to one
proposed by Yamaguchi and Kodera [3].

4) The drain current Ip is composed of two
components - the channel current Ich
flowing through the channel and the Gunn
domain, and a leakage current Ig in the
non-ideal interface and substrate regions
which have an effective shunt resistance.
This feature is also similar to one con-

sidered by Engelmann and Liechti.

5) The ohmic resistances of the gate-source
and gate-drain portions and contact resis-
tances are considered in series with the

channel and the Gunn domain.

The computation in the frame of this model involves
only on iteration process to determine the field distri-
bution under the gate and requires about 0.2 sec of
computer time per point.

For the analytical description we have assumed
that the current saturation occurs when the average
electric field under the gate reaches the domain sus-
taining field
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where vg is the saturation electron drift velocity, u
is a low~field mobility. This assumption coupled with
the Shockley theory leads to the following results.
The channel current I.p is almost linear up to the sat-
uration point
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(gd is a drain conductance). The saturation current
ISat is equal to
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Vpo is a pinch-off voltage, q is the electronic charge,
ND is the doping density, e is the dielectric con-
stant, A is the device thicknes§, WG is the gate
length, W is the gate width, S

If VS<<VBi—VG (that normally takes place for GaAs

MESFETs then the transconductance in the saturation
region is
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We have also calculated the total charge under the gate
and drain-to-gate and gate to source capacitances. If

Vs<<VBi—VG we have
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We defined a characteristic switching time of a GaAs
MESFET as
T=Q(VS)
Isat
Using expressions (4) and (1) we get
W A
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We see that the switching time is proportional to the
transit time under the gate and that the saturation
velocity rather than a peak velocity determines the
switching time. But there are some physicaly limita-
tions on the gate length which we analyzed.

The most important limitation is related to a
stray capacitance and leads to the following criterion
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For typical parameters of a GaAs MESFET the right-hand
side of (7) is abodt 0.1 um. That sets an ultimaté

limit for a characteristic switching time in a picose-
cond range (~2psec).

The power-delay product is equal to

2 2
Pt = q ND W A0 WG ES— W WG ES\/Zeoe q ND(VBi—VG)
This expression has a simple physical meaning. This is

an amount of work to be done in order to move the total
charge in the depletion layer =~ q ND W Ao W

electric field ES at the distance W..

¢ i the

The results of the calculations

Some of the results are depicted in ¥ig. 1-6 where
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the analytical calculation is compared with the compu-
ter calculation, with a rigorious computer analysis and

with experimental data. This comparison shows a good
agreement.
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For Fig. 3-7 dashed lines represent our analytical
results; solid lines represent our computer calculation.

Conclusion

Our results show that GaAs MESFETs can yield a power-
delay product in femto-joule range in good agreement
with experimental data.
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