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ABSTRACT

A large-signal MESFET model, implemented with new

techniques, has continuity and rate dependence. These

features provide accurate prediction of circuit gain and

distortion. The techniques also improve simulation speed.

The model has improved descriptions of capacitance and

bias dependence. It has small-signal S-parameter accuracy

extended to a wide range of operating conditions. This

model is now in several simulators including Pspice v6.2.

INTRODUCTION

This paper describes a comprehensive IWESFET model. It

is a realistic description of measured characteristics over

all operating regions. It describes sub-threshold conduction

and breakdown. It has frequency dispersion of both trans-

conductance and drain conductance, and derates with

power dissipation. All derivatives are continuous for a re-

alistic description of circuit distortion and intermodulation.

The new model is a valuable tool for the design of modern

communications circuits. A single characterisation is valid

for various operating modes encountered in microwave

circuits. Descriptions of the controlled-resistance and con-

trolled-current regions use independent power-laws. Its

rate dependence adapts the model to any bias condition.

There is no requirement for a suite of model parameters.

Transconductance and drain conductance dispersion occur

during high frequency excursions around the bias point.

This gives correct small-signal S-parameters in any bias

region including the controlled-resistance region. A ther-

mal time constant controls response to power dissipation.

The rate dependent descriptions can simulate looping

observed in curve tracer measurements.

The model describes complex behaviour in greatly reduced

simulation time. A nested transformation scheme ensures

high-order continuity. This gives substantially improved

convergence time. State variables improve speed of rate

dependence simulation by eliminating extra circuit nodes.

The following section presents the model’s description of

dc drain-source current. The subsequent section gives de-

tails of rate dependence and frequency dispersion, Finally,

this paper presents the charge storage model.

INTRINSIC CURRENT MODEL

Intrinsic drain-source current is central to the model. Gate

charge is described by an improved version of the model

proposed by Statz et al, [1]. Extrinsic gate-source and gate-

drain diodes describe the gate junction. Source and drain

contact resistances are considered extrinsic elements.

A general power-law function of effective gate and drain

potentials, V~~and Volt, describes the intrinsic drain-source

current. Parameters ~ and Q control the model.

ld=fMgql-(l-vdJvgr)Q] (1)

This is the base equation for the model. A nested series of

transformations of the external terminal potentials modify

its arguments. This adds short-channel behaviour to the

model incrementally.

The model describes early saturation of a MESFET by

placing a restriction on the maximum value of V& Setting

the restriction to Vgr would describe simple pinch-off satu- m

ration. The model selects the lesser of Vgt and an earlier

saturation potential. The latter is set by parameter ~ and the

channel depletion potential, Woo = @b – VTO. A smooth

function selects the required drain-source saturation
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Figure 1: Current saturation and its first and second derivatives
described by the new model — and a hyperbolic tangent . ......
Measured data (o, X) is also shown. ‘

potential, V.at.
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(2)

A smooth transformation implements the restriction of Vd,,

Parameter z controls the shape of the saturation knee,

T(,, = ;Jvdp .J’iG+ v,.,)’+Z’L:,

-; J(vdp.m-v,at)2 +z.v;t

(3)

This provides a description of transition to saturation that

correctly describes drain-source conductance. Figure 1

shows the improvement over the hyperbolic tangent func-

tion used in several other models [2].

The model also gives independent control over the

controlled-current and controlled-resistance regions [3]. It

obeys a P, rather than Q, power-law in the region near zero

VA. A transformation of the applied drain-source potential

implements the dual (P- Q) power-law.

()
P-Q

P V8,
Vdp=Vd, - —

Q We<,
(4)

A single set of dual power-law model parameters can de-

scribe both the controlled-resistance and controlled-current

regions.
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Figure 2: Saturated drain current and its third derivative described by
three different models: ......... Statz et al. [1] and - - - McCamant
et al. [8] with exponential subthreshold regions, and — the new
model. Measured data, ●, is also shown.

Description of sub-threshold conduction is a transforma-

tion of the gate-source potential. This gives an exponential

approach to the gate-source pinch-off potential,

[ [VST(,:JV,, = V,T (1 + MvSTVd,, ). in 1+ exp

The terms A4VST and VST are model parameters, and vg~t is

gate-source potential relative to the channel’s pinch-off

potential. The pinch-off potential includes frequency dis-

persion terms described in the next section.

This transformation, like the others in the model, is well

behaved and infinitely differentiable. Derivatives of the

model remain continuous. Figure 2 shows the resulting

third-order derivative. It is a superior description of meas-

urement that can realistically describe intermodulation

distortion [3]. Figure 3 shows simulated and measured

harmonic distortion of a typical MESFET. The simulated

results represent the general structure of the harmonic

spectrum well.

FREQUENCY DISPERSION

At high frequencies the model’s output conductance in-

creases by a factor yh~i~~ and its transconductance reduces

by a factor (l–firqkf)/( l–fif). Separation of these dis-

persive effects provides much better simulation of smaH-

1764



20

10

0

- -lo

g .20

; -30

~ -40

-80

-90
.,OOLLLLI-JEI III I’1’i ~

012345670123456701 234567
Frequency [GHz]

Figure 3: Measured (x, ●) and simulated (lines) harmonic distortion
of a 900x 1~m MESFET operating in common-source configuration
with 50Q source and load impedances. Results are for two input
power levels.

Drain current is scaled with power dissipation, This cor-

rection for junction heating is based on [8].

Id
Id, = —

1+6 V,,,I, (9)

The term 6 is a model parameter. Note that the model

calculates average dissipated power rather than use

instantaneous power. The calculation is over a time con-

stant, ~D, using the algorithm of equation (7).

The thermal time constant is a realistic feature omitted

from many models. This omission in these models tends to

balance their lack of transconductance dispersion. The two

feedback potentials in the new model allow it to separate

the dispersion and heating effects correctly. This provides

a much better simulation of small-signal operation.

CHARGE STORAGE MODEL

signal behaviour. Modulation of the pinch-off potential by The model uses an enhanced charge storage description
average gate-drain and gate-source feedback potentials based on that of Statz et al. [1]. This is controlled by
performs the dispersion. model parameters CGs and CGD. The total gate charge, Q~~,

V,,, = ~., – V,. – yy ~q
is given by

-Yv “(%-E)-% “(L -T)

(6)
Q,, = %44 (1- ~m) + cGD~~2 . (10)

Averages are calculated over a user defined time constant, A new parameter adds gate-source fringing capacitance to

%, which would normally be between 0.1 and 1 ms. The the effective gate-source potential calculation. Capacitance

SPICE implementation uses state variables in a finite is reduced by factor Xc, rather than to zero, when the

difference calculation of the averages using equation (7). device is pinched-off.

d-
;=x- ~G.—x (7) V.,. = v,~,x. + ; (1 - ‘C )[(VW1 + ‘TO )

dt

The model adjusts the high-frequency dispersion with bias. +J% - Lo)z +(0.2/(1 -XC))2 ) ‘11)

The parameters in (6) are varied with average bias by nine

model parameters (LFGAM to HFE2).
Parameter yAc modulates the effective depletion potentials.

yv = LFGAM - LFG1 - ~ – LFG2 . ~ ~f, = ;(~, +~d +
-)+yAC~J

Yhf = HFGAM – HFG1 ~~ - HFG2 - ~ (8) l&2 = ;(lj,, +~d – e)+y.c~ ’12)

~h~ = HFETA + HFEI . ~ + HFE2 ~~;
~ ~b-~o

where
a=[+l 2

(13)

This provides a much better simulation of S-parameters.

Two feedback potentials provide a significant improve-
This simple addition introduces bias dependence to the

ment over models that use the average drain-source
capacitance model, which improves its fit to measured

junction capacitances.
potential [4],[5],[6]. The new model can simulate the char-

acteristic complexity observed in a curve tracer measure- Control over forward-bias junction capacitance is also

ment [7], Figure 4 shows an example of this. provided with the parameter Fc. When V.ew > FCI), the
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Figure 4: Simulated curve tracer display for a typical MESFET. The
shape requires both source-gate and drain-gate feedbacks.

gate charge is given by

+ (v..w/@b-Fc )’ + 1’1(vnew/h-Fc) + ~GDEfi2
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Figure 5: Error in simulated S-parameters of a MESFET’s referenced
to measurements at 2 GHz. Pinch-off is at -1.5 V. The emor function
is the sum of squares of differences between simulation and

measurement, ~ Is; –s; I2.

Anacad, and Intusoft (Source code is at

ftp://ftp.mpce.mq. edu.au/pub/elec/spice/patches/jfet2/ for

the SPICE3F4 implementation).

Overall small-signal performance of the model is illus-

trated in figure 5. This shows the accuracy of predicted S-

parameters over a wide range of bias conditions. Note that

simulation is accurate at V~S = O and in the subthreshold

region. The error near the saturation knee of the device is a

consequence of sensitivity to the rapid changes in SZ2,

rather than increased error in the model.

(14)
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Despite the model’s sophistication, it runs up to five times

faster than simpler descriptions that do not use the nested

transformation scheme. The improvement is due to the

overall continuity of the model, which permits rapid con-

vergence. Also, average potentials are accumulated in state

variables rather than extra nodes in the simulator [9].

CONCLUSION

The comprehensive MESFET model presented here is

accurate over an extended range of operating conditions. It

features high-order continuity for realistic prediction of

intermodulation and improved convergence speed. The

model has sufficient detail to predict high frequency S-

parameters over all bias points. The model has been imple-

mented in various industry standard simulators including

those by UC Berkeley (SPICE 3f4), EEsof, MicroSim,
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