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ABSTRACT

This paper describes a comparative study of ten
GSAS MESFET DC models, including three new
variations, The computations have been carried out
using a new interactive program for nonlinear
parameter extraction and sensitivity y analysis
(INTERSECT). The study concluded that the Curtice
Cubic model, with seven parameters, provide the best
fit to the two sets of MESFET DC characteristics used,

INTRODUCTION

Considerable work has been reported on the

nonlinear CAD of GaAs MESFET devices and circuits.
Many commercial and in-house programs have been
developed, all relying for their operation on the
mathematical description of the prime nonlinearities
within the active device. The main nonlinearity is the
relation between gate source voltage, drain source

voltage and drain current, Many different equations

have been used to curve fit measured DC

characteristics, and many subjective assessments of

their relative merit have been made. This paper

describes the use of a new nonlinear optimisation

tool, INTERSECT, to systematically and objectively

compare the performance of a number of standard

fitting equations with those new equation sets,

Table 1 reviews many of the existing equation sets
which are presently employed for MESFET DC curve

fitting. Of these “Statz” and “Cubic Curtice” are
perhaps the most commonly employed, The table is

completed by three new equations. Two of these are

extensions of the Statz model to allow for channel

length modulation as a function of Vg~ (New 1), and

the drain gate breakdown phenomenon (New 2), and

the third due to Brazil,

In order to assess the validity of the alternative

equations, two typical MES FET DC characteristics

were considered. Each equation in turn was fitted to

these measured characteristics using the interactive

nonlinear parameter extraction program INTERSECT,

For simplicity, the computed Id~-Vd~ characteristics
(o) from only the Curtice cubic model (x) and Materka
model (+) are shown in Figure 1 and the results

compared with experimental characteristics, which
refer to the NE71OOO chip device and Plessey Foundry

F20 monolithic device.

INTERSECT

INTERSECT has been designed to allow those

without detailed knowledge of optimisation

techniques to solve nonlinear parameter extraction
problems. It seeks to do this by making it possible

to explore the problem thoroughly, to simplify it as

necessary without reformulation, and to ensure, by

a variety of interactive menus, that the solution

achieved is significant, accurate, and reliable.

The program computes optimal parameter values,

carries out sensitivity y analyses, and allows graphical

expression of results. Optimisation can be defined in

terms of least sum of squares of residual error, least

absolute value or minimum maximum value. The

optimisation algorithms provided include both

modified Gauss-Newton and variable metric methods,
and bounds can be placed on the acceptable values

of parameters. To increase the scope for exploration,

the user of INTERSECT can cause any subset of the

set of parameters to be held fixed at any value while

the values of the others are optimised. The data can

be modified, and selected data points can be ignored

during the optimisation.

Sensitivity analysis is based on an eigenvalue

analysis of either the Hessian matrix of the sum of

squares function, or on the Jacobian matrix. The

analysis, which can be based on any point in the

search space, is interactive in that the user can
make exploratory steps along the eigenvector

principle component directions, examining both the
actual function values and the quadratic-prediction

values at the new points.

RESULTS

Table 2 illustrates the results obtained, showing

the equation parameters for best overall fit to the

selected transistor characteristics.

Table 3 compares the complexity (in terms of the

number of parameters needed) and the accuracy ( in
terms of an overall RMS error) of the alternative

equation sets.

From this table it may be deduced that the Curtice

Cubic model, with seven parameters, provided the

best solution for both MESFET characteristics.
However parameter fitting has been found to be

difficult for this model. Moreover, for large negative
Vg~ and small VdY I ~~ can go negative in contrast to
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the properties of the real devices.
model which is easy to parameter fit may therefore

be a more acceptable choice for many applications.
In contrast, the Materka model, with only four fitting

parameters, exhibits an acceptable performance. This
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Table 2 Result= of the parameter extraction performed for

NE71OOO and Plessev F20 for various DC models.

Bra,> 1 I New 2 I Curtis,. c T.aj, m. eTak, c.rtlce. Q Materka stat, New 1 Tajima 1

q

NE

1 .mtl

16.86

2.317

.00991

LESS ‘LESS NE ‘LESS ‘LESS =-t-=- ‘LESS LESSNE NE NE

1 ,883

. 0s37

90.85

46. 8?

12.97

7.02

5.36

NE

.179

92.15

.673:

1 .6X

.0211

1. 23C
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.09
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89.7&

k . 45?
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10.5:
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-F LESSNE
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?.28
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59.56
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3. 3Z7

-.
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?s.2

[.91<

3.401

.135

59. 5!

1 .77:

2.97

-.160;

1. SW

33,3.

.1 .95!

094)

207!

4.5

Z.93

2.711

.Ilti
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.002
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1.92

.8
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. be3 1.86:

3. 30c

–1.91:

.002 .244,

-.453

1. 6?fI

6. W7

-2.314

..0772

..15’94
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-.244S

1.619

.9281

5E!.3C

20.13
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14.09

-. 720(
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.220(

1 .4,7:

.3235

24.0<

2. &o:
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54. SE
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. 22Q?
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.+971

. 24e:
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. oe4,

1.11?
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6.564

2.?64

.0272

1 .84:

197,:
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3.27:

4.5

lo.e~

2.57:
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.152

.34 -4.381

2.07 -.133

2.8--.
Note: NE: NE71OOO;

PLESS 2 Plessey F20 4x75 IC539A/1.

Table 3 (Compar150)ns of Accuracy of Dlffe,-ent Models

—.—.
Number Root Mean Square Error

Yodel Names of

Parameters NE71OOO PLESS F20
—..

Taki 3 3.66 4.95
Curtice.Q 4 3.36 4.09
Materka 4 2.67 1.48
Statz 5 2.15 4.06
New 1 5 1.38 2.29
Brazil 6 1.51 1.13

New ,2 7 1.02 1,17

Curtice.C 7 .845 .649

Tajima 1 8 .840 .929

Tajima 2 9 1.03 .838
—.
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