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Short Papers .—

A Semidistributed HEMT Model for Accurate Fitting
and Extrapolation of S-Parameters and Noise

Parameters

M. T. Hickson, P. Gardner, and D. K. Paul

Abstract—A model is described for a low noise mm-wave HEMT de-

vice. It takes account of the distributed natur{e of the gate and drain

electrodes by dividing the active region of the device into a number of

slices. Each slice is modelled as an intrinsic HE,MT with thermal noise

sources and the slices are connected together through lossy reactance.

The parameters of the first slice are made ditftrent from those of the

remaining slices, in order to account for the inevitable differences in

the field distribution in the gate feed region. The model parameters
have been optimized numerically to fit the manufacturer’s measured

S-parameters and all four noise parameters, for a commercially avail-
able HEMT chip. A good fit has been achieved simultaneously to all of

these parameters, and the model therefore provides a reasonable basis
for extrapolation to higher frequencies. The significance of the distrib-
uted gate effect and the unequal slice effect are assessed by comparing
the best fit achievable when these effects are not included.

INTRODUCTION

Accurate design of low noise GaAs FET or HEMT amplifier cir-

cuits demands an accurate knowledge of the scattering parameters

and all four noise parameters, as functions of frequency, for the

chosen active device, over the frequency range of interest. Values

for all the required parameters can be determined by measurement,

but this is very difficult to do accurately, especially in the case of

noise parameters in the millimeter wave region. A device model

with a realistic physical basis is therefore of value as a tool for

extrapolating from lower frequency measured results.

Many authors have reported work on GaAs FET and HEMT de-

vice signal and noise modeis. The approaches may be divided

broadly into those based on fundamental physical properties of the

device [1]–[4], and those which add appropriate noise sources to

an equivalent circuit model to fit the measured noise parameters

[5]-[8]. The paper by Pospieszalski [9] essentially falls into the

second category, although the method used may also serve to pro-

vide some insight into the physical origin of the noise sources.

Pospieszalski demonstrated that his model could be used to give an

accurate prediction of the noise parameters of a particular HEMT

from 4 GHz to 20 GHz, on the basis of two frequency independent

equivalent temperatures, extracted from mea surements at a single

frequency, 8.5 GHz.

To model the signal and noise properties at higher frequencies,

several authors have included the effects of the distributed nature

of the gate and drain electrodes, with or without mutual coupling,

in their models [ 10]–[ 12]. A recent paper by Escotte and Mollier

[11] describes a sliced model, in which the (distributed effects are

accounted for by dividing the active region of a GaAs FET along

its width into a number of equal slices, each of which is model led
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as an intrinsic FET. The slices were connected together through

reactive elements with parasitic resistances, to give a discretized

approximation of the distributed electrode effect, ignoring mutual

coupling.

Using this model they predicted the minimum noise figure of a

GaAs FET up to 40 GHz and showed that a significant departure

from the Fukui formula [6] could be expected for that particular

device above 315 GHz. They also state that the other three noise

parameters can be determined from the model, although they do

not give actual values.

In this paper we report a signal and noise model which adopts

the intrinsic device model of Pospieszalski [9], within a sliced FET

structure similar to that used by Escotte and Mollier [11]. A new

feature introduced in our model is that the parameters of the first

slice are allowed to differ from those of the remaining slices, in

order to accouni for possible differences in the field structure in the

gate feed region. We have found that this model allows significant

improvements in the simultaneous fitting of the S-parameters and

all four noise parameters for a commercially available HEMT de-

vice.

DETAILS OF THE MODIFIED SLICED MODEL

The overall structure of the model is shown in Fig. 1. Any mtm-

ber of slices can be used. The number should be chosen such that

the physical length of each slice is short compared to the guided

wavelength on the gate and drain electrode transmission lines, at

the maximum frequency for which the model is to be used. In the

example considered here, five slices were used. In the optimization

process, slices two to five inclusive were constrained to be identi-

cal, whilst slice one was allowed to differ in order to account for

differences in the field structure in the gate feed region. To make

the notional width of all five slices identical, however, they were

all constrained to have the same value of transconductance, g),,.

The detailed structure of an individual slice is shown in Fig. 2.

This model is similar to that used by Pospieszalski [9], withl the

adc$tion of a small resistance in series with the gate to drain feed-

back capacitance, to account for ohmic losses associated with this

feedback path. The individual temperatures of the resistances in

the model were allowed to vary in the optimization.

OPTIMIZATION AND RESULTS

The model was optimized to fit the manufacturer’s measured

S-parameters from 2 to 40 GHz, and the noise parameters from 14

to 26 GHz, for the TOSHIBA HEMT chip, type JS8900-AS. ‘The

optimization was carried out using the linear analysis functions of

the CAD package LIBRA [13]. The optimization process was con-

figured to mininnize the error function, E, given by
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TABLE I
PARAMETERS OF FET SLICES

Parameter First Slice Slices 2 to 5

1.O”c

188.3°C
0.0313 pF

5.650
0.153 nH

32.1 fl

0.0614 pF

3160.9 Q

0.0570 !2

0.0051 pF

69.1 °C
1589.1°C

0.0223 pF

42.0 fl

0.035 nH

2 x 10-6 Q

0.03 fF

809.8 fl
0.0130 Q

0.0071 pF

TABLE II
COMMON PARAMETERS

Parameter Value

25.5°C
0.0114 Q

0.0127 nH

0.0320 Q

0.0184 nH

0.0936 (t

0.128 nH

1.6640
0.0371 nH
0.01020-’
4.126 PS

f

R, at Tdev

L.

Fig. 2. Individual slice structure of sliced model

where

s,,(f) are the elements of the common source scattering pa-

rameter matrix at frequency ~ GHz,

F~,n(~) is the minimum noise figure,

I’oPT(~) is the source reflection coefficient for optimum noise

figure,

r.(f) is the equivalent noise resistance.

-1

A

+1

F1

The superscript M denotes predictions of the model whilst the pa-

rameters shown without superscripts are the measured results for

the device.

The circuit element values and temperatures resulting from the

optimization are shown in Tables I and II. The signal and noise

parameters of the model are shown in Figs. 3 to 7, along with the

manufacturer’s measured results. The legends for Figs. 3 to Fig. 7

are given in Table 111.

The S-parameters (Figs. 3 and 4) show good agreement over the

full 2 to 40 GHz range, and the noise parameters (Figs. 5 to 7)

show good agreement up to 26 GHz, the highest frequency for

which the manufacturer provides full data. The model thus serves

as a reasonable basis for extrapolation of noise parameters beyond

26 GHz and of S-parameters beyond 40 GHz.

DISCUSSION

The significance of the distributed and unequal slice effects can

be assessed by comparison with the best fit achieved using a similar

model with only a single slice and the same optimization proce-

-j
Flg. 3. Measured and model led S-parameters, S,,. S,j, SZZ.

dure. The optimization results for such a non-distributed model are

also shown in Figs. 3 to 7. As a measure of the difference, the

minimum error function terms achieved with both models are plot-

ted against frequency in Fig. 8, showing that the non-distributed

model has a larger error over the whole frequency range, with par-

ticularly marked differences at lower frequency. It can be seen from

Fig. 7 that a large contribution to this difference is brought about

by the poor modelling of r. by the non-distributed model below 14

GHz. Noise parameters below 14 GHz were not included in the

error function for the optimization. This suggests that in the non-

distributed model the circuit parameter values were adjusted un-
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Fig. 5. Measured and modelled optimum noise match.
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Fig. 6. Measured and modelled minimum noise figure.

realistically in order to fit high frequency efl’ects, whereas in the

sliced model these effects are accounted for in the structure of the

model, and a good fit to lower frequency measurements arises nat-

urally.

It can be seen from Fig. 6 that the predicted optimum noise fig-

ure at higher frequencies is higher when the distributed effect is

)

Fig. 7. Measured and modelled normalized equivalent noise resistance.

TABLE III
LEGENDS FOR FIGS. 3-7

F, = 2 GHz : F2 = 40 GHz

@ = sliced model data

@ = unsliced model data
* :. measured data

0+ i
10 20 30 40

Frequency in GHz

Fig. 8. Frequency dependence of error function term,

included. This agrees with the results in [11] and [12], and alko

with the manufacturer’s measurement of F~in at 40 GHz. The ncrn-

distributed model shows a tendency for the gradient of F~,n with

frequency to reduce at higher frequencies, which is clearly contrmy

to measured results. A striking feature of Fig. 7 is the greatly im-

proved fitting of the equivalent noise resistance in the new mociel.

As noted by Fukui [7], this is a parameter of great importance in

broadband low noise amplifier design.

The temperature parameters arising from the optimization are

similar to those reported by Pospieszalski [9] in that the gate tem-

peratures are close to ambient temperature, whilst the drain tem-

peratures are significantly higher. The effective temperatures of the

parasitic resistances are also close to ambient, which is reasonable

since only ambient thermal noise arises in these elements.

The significance of the unequal slice effect alone can be judged

by studying the difference made by the optimizer to the parameters

of the first slice. The optimization method described is probably

insufficiently powerful to determine so many parameters accurately

and uniquely in an ill-conditioned model of this type [14]. For ex-

ample, Pospiesz:alski [9] showed that even for a non-distributed
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model, it is possible to change one element (Rg, ) and then to com-

pensate others to reestablish a good fit. However, the fact that an

improved fit is achieved when the first slice is allowed to differ

suggests that there are significant differences in the field structure

in the gate feed region. In particular, the source resistance is large

in the first slice and negligible in the remainder. This could be

associated with the perturbation of the channel near the source by

the gate feed. A model based more directly on the underlying phys-

ics of the device would be necessary in order to quantify these

differences accurately.

CONCLUSION

It has been shown that an improvement in fitting of a HEMT

device model to measured signal and noise parameters can be

brought about by using a sliced model to account for the effects of

the distributed nature of the gate and drain electrodes, and by al-

lowing the first slice to differ from the others in order to account

for the difference in field structure in the gate feed region.
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Accurate Modeling of Axisymmetric Two-Port
Junctions in Coaxial Lines Using the Finite

Element Method

Waymond R. Scott, Jr.

Abstract—A technique is developed for analyzing axisymmetric two-
port junctions (axisymmetric discontinnities) in coaxial lines using the

finite element method. Bonndary conditions are developed for the in-

put and output ports that absorb the reflected and transmitted waves

while injecting the incident wave. The nse of higher order elements is
shown to greatly improve the accuracy, i.e., the accuracy increases
rapidly with the order of the elements even when the nnmber of nodes

is kept roughly constant. The accuracy of the technique is verified by
comparison with the theoretical and experimental results of other in-
vestigators for three discontinuities, and the agreement is shown to be
excellent.

INTRODUCTION

Discontinuities in coaxial lines are part of many microwave de-

vices. Accurate models of these discontinuities are needed in the

design of the devices. Traditionally the discontinuities have been

modeled using mode matching and variational techniques; how-

ever, these techniques require a significant amount of analytical

analysis for each geometry and become very complex for all but

relatively simple geometries.

In this work, the finite element method (FEM) will be used to

accurately model axisymmetric two-port junctions (axisymmetric

discontinuities) in coaxial lines. The flexibility of the FEM allows

more complicated geometries to be modeled. The addition of ma-

terials into the junction and complex geometrical shapes do not add

any complications to the analysis. Furthermore, very accurate re-

sults are obtainable with the FEM with reasonable computational

efficiency when higher order elements are used. To demonstrate the

flexibility and the accuracy obtainable with the FEM, three discon-

tinuities are analyzed, and the results are compared to theoretical

and experimental results of other investigators. The agreement is

shown to be excellent; even though in each of these discontinuities,

the fields are singular at a comer on the center conductor and no

special analysis is performed in this work to take the singularities

into account. For one of the cases, the accuracy versus the order

of the elements from first to fourth order is investigated.

This work compliments the work of other investigators who have

used the FEM to investigate axisymmetric problems: Marouby et

al. [1] and Wilkins et al. [2] have investigated transitions between

coaxial lines; and Silvester and Konrad [3], [4] and Daly [5] have

investigated the modes in axisymmetric resonators.

FORMULATION

Fig. 1 is a schematic diagram of a general coaxial discontinuity

in which the region to be modeled with the FEM is indicated. For

this analysis, the incident wave is assumed to be a TEM mode. The
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