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ABSTRACT

An accurate MESFET nonlinear model and a reliable
model verification approach which uses the on-wafer RF
probing method are presented. The nonlinear model is based
on small signal S-parameter characterization of the MESFET
at a wide range of bias voltages. Simulation results of an
MMIC amplifier at various frequencies, bias voltages, and
power levels agree well with the measurement data.

INTRODUCTION

An accurate nonlinear MESFET model and a reliable
model verification approach are presented. The nonlinear
model is developed from S-parameter measurements of a
MESFET at various bias voltages. As shown in this work, this
“RF curve-fitted model is capable of accurately predicting the
MMIC amplifier performances at various bias voltages,
frequencies, and input power levels (both small and large
signals).

A novel model verification scheme is designed to
eliminate many measurement uncertainties. In this approach,
the nonlinear model is verified by comparing the simulation
results of a single-stage MMIC amplifier with the measure-
ment dal;a. The S-parameters of the amplifier’s input and
output matching circuits are first accurately measured using
the on-wafer RF probes. These data are then input to the
simulation program for the complete amplifier simulation. In
this way the uncertainties of the matching circuits’ imped-
ances and loss are eliminated, and the MESFET model can be
verified with a high degree of confidence by comparing the
amplifier simulation and the measurement data.

The nonlinear model accurately predicts the MMIC
amplifier’s frequency response at various input power levels,
and the amplifier’s power saturation curves.

NONLINEAR MESFET MODELING

Many nonlinear MESFET models (l-3) are based on
curve-fitting of the device’s channel current expression to the
measured dc I-V curves. These dc fitted models ignore the fact
that MESFET’S transconductance and output resistance are
frequency dispersive at low frequency range (below
100 MHz) (4,5). Because the dc Gm and RO values are higher

than the RF ones, the dc fitted models tend to predict higher
gain and output power.

In this work, l;he MESFET model is developed from
S-parameter measurements at various bias voltages. Since
this model is fitted l;o the high frequency RF data, the low
frequency dispersion characteristics of Gm and RO do not affect
the model’s accuracy in predicting the device’s RF perform-
ances. This “RF” fitted model is developed by the following
steps:

1. Measure the MESFET’S S-parameters at a wide range of
bias voltages using on-wafer RF probes.

2. Fits the MESFET small signal equivalent circuit to the
S-parameter measured in Step 1.

3. The MESFET’S nonlinear elements versus bias voltages
curves are plotted out. Figures 1 through 3 are the Gm,
RO, and C@ curves.

4. Empirical expressions of IchNg,Vd), and C&V ,Vd) of the
?’large signal equivalent circuit (Figure 4) are ltted to the

curves of Figures 1 through 3. The expression for Cg~ is

Cg,(Vg,VJ = [Co/(1 - Vg/V#’](l + bVJ + d (1)

where CO, Vb, r, b, and d are the fitting parameters. The
expression for I,:ll((Vg,Vd) is

l.@’g, Vd) = X5(Vg + X2)15 tanh(~l~d)

- (XS + x&-#vd + (X6+~;7vd)(4

where X1 through X7 are the fitting parameters. These
fit tingparameters are optimized so that the partial deriv-

atives of Itch, d Ich/~Vg and ~Ich/dVd are fitted to the G~

and RO curves.

5. The breakdown current, Ibr, and the gate forward current,
Ig, are fitted to the pulse measured gate current versus
gate and drain voltages data. The expression for Ibr is

zb<~g,v(() = z.* exp(~~* h-72* Vg) (3)

where l., rl, and r2 are the fitting parameters.
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Figure 1 Gm versus VGS and V~S curves.
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Figure 2 R. versus VGS and VDS curves.

The nonlinear model is simulated by a nonlinear circuit
analysis computer program developed in-house which is based
on the algorithm proposed in the work of I?W. Van Der Walt (6).

MODEL VERIFICATION

In the past, MESFET nonlinear models are often verified
by measuring the power performances of a MESFET device
mounted on a test fixture. In the conventional approach,
reliable measurement data are difficult to obtain due to
uncertainties in determining the tuners and fixture loss, and
the impedances presented to the MESFET. In our verification
approach, the S-parameters of the input and output matching
circuits of a MMIC amplifier are directly measured by on-wafer
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Figure 3 C@ versus V~ and VDS curves.
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Figure 4 MESFET large-signal equivalent circuit.

probes. Using these S-parameters in the amplifier simulation,
the computer proflam can accurately determine the imped-
ances presented to the MESFET and the losses in the matching
circuits.

To verify the nonlinear model, a single-stage MMIC
amplifier, its matching circuit dropouts, and the MESFET
device dropouts are fabricated on the same wafer. Figure 5
presents the photographs of the amplifier, the matching
circuits, and the MESFET dropouts. The MESFET nonlinear
model is developed by on-wafer characterizing the MESFET
dropout. Since the MESFET is fabricated on the same wafer
with the amplifier, the uncertainty due to the process variation
is reduced when the measurement and simulation data are
compared later. To simulate the amplifier, the S-parameters of
the input and output matching circuits need to be known.
These S-parameters are accurately measured by on-wafer
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Figure 5 Photographs of the MMIC amplifiers and its drop-outs.

probing the matching circuit dropouts. The amplifier circuit is CONCLUSION
first on-wafer characterized for its small signal gain. It is then
diced and mounted on a test fixture for power testing. An accurate MESFET large signal model is presented.

The model is validated by a verification scheme that eliminates

RESULTS
many measurement un~ertainties,

Figures 6 and 7 show the simulated and measured
amplifier Pout versus Pin curves at 10.65 GHz for three
different bias voltages. It can be seen that the model accurately (1)

predicts the saturation characteristics at different bias
voltages. Figures 8 and 9 show the simulated and measured
curves of Pout versus frequency at different input power levels.
As shown, the agreement between the simulation and

(2)

measurement data are excellent across the frequency band and
different input power levels.
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Figure 6 Simulated amplifier Pout versus Pin
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Figure 7 Measured amplifier Pout versus Pin
curves at 10.65 GHz.
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Figure 8 Simulated amplifier Pout versus

frequency curves.
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Figure 9 Measured amplifier Pout versus
frequency curves.
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