OF-1-12

LUMPED AND DISTRIBUTED
SCALING OF MESFETs

J. P. Mondal

General Electric Company
Electronics Laboratory
Syracuse, NY 13221

Abstract

The paper describes a proper way of scaling
up large MESFETs starting from elementary cell
measurements. The distributed scaling is empha-
sized and compared with lumped scaling. Experi-
mental results are shown. All the manifold dis-
tribution and parasitic effects are accounted
for.

Introduction

In power amplifier applications, it is very
common to scale up large MESFETs at the output
from smaller MESFET devices that are easily mea-
sured and characterized. If enough attention is
not paid to the scalability of an element, the
final device model may differ substantially from
the actual device. Care must be taken to account
for the manifold distribution effects and other
parasitics (like airbridges, distribution of via
holes). 1In this paper, a systematic procedure is
given to predict the small signal performance of
large devices from the measured and well-charac-
terized elementary cells. The emphasis is on the
distributed scaling; the method is compared with
lumped scaling. The prediction with distributed
scaling showved a good agreement with the measured
results. The lumped element approach is very
commonly used and able to predict the device
performance very well, depending on the device
size, feed structure, and the modeled bandwidth.

An assumption is made during the scaling;
every gate finger and the associated channel
characteristics are identical. For example, in
Fig. 1 (elementary two-gate-fingered cell), an RF
signal applied at the gate gets split into even
modes and then gets combined along the width of
the drain finger. No odd mode current £flows
across the drain finger. The elements in the
equivalent circuit model correspond to even mode
excitation only.

A selection criterion, based on DC charac-
teristics only, has been set for the devices
chosen for experimental verification. We have
chosen devices from the same reticle with +10%
normalized DC characteristics. The gate length
variation is much less in the same reticle than
from reticle to reticle. All other parasitics
and distribution effects are dependent on the
horizontal layout of the device, which is quite
well controlled.
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Analysis and Measurement

The basic analytical approach for the dis-
tributed modeling has been developed from [1][2]
with the proper evaluation of [Z] and [Y] matri-
ces. The drain and gate lines are assumed to be
asymmetrically coupled with source as the common
ground. So the current flow is along the width
of the drain and gate lines and across the width
on the source pad. The inductance matrix has

been estimated from the capacitance formulae
given in [3]. The estimated values are then
optimized simultaneously to fit the measured

S-parameters of the device over a number of bias
points simultaneously [4]. The bonding and via
hole parasitics are determined by combining cold
and hot FET data simultaneocusly over seven bias
points and comparing between RF-probed data on
unthinned substrate and the fixture-mounted data
[4]. The measurement should be taken on elemen-
tary cells with the least manifold distribution

effects. The via hole inductance turns out to be
~.03 nH. Since it is very difficult to maintain
the same bondwire inductance from device to

device, a very tight tolerance is maintained
between two bonding points (8-10 mils), generally
with a bond angle of less than 5°. This has a
range of inductance between .2 and .3 nH (for
4-mil wire radius). The gate and drain mani-
folds are considered asymmetric coupled lines
with respect to the device fingers and their
effects are lumped into L’s and C’s as shown in
Fig. 2 for a four-fingered FET. Lumped element
approximation for the manifold and airbridge is
possible, because the cutoff frequency associated
with such a structure is quite high compared to
the measurement frequency range. The distributed
model of a single-finger FET is shown in Fig. 3;
this model is used inside the dotted box in Fig.
2. Fig. 4(a) shows the fixture deembedded data
fit with the lumped and distributed models, along
with RF-probed data for a cold FET (400 um, two
fingers). Fig. 4(b) shows the same at a hot bias
point. Fig. 4(c) shows the way in which the
parasitics have been extracted. The measured
frequency range is 2-18 GHz. Table 1 shows the
element values. Fig. 5 shows the fit for a 1600
um device (eight fingers) and Table 2 gives the
corresponding values. Note the elements that get
modified in the lumped ¢lement model, whereas in
the distributed case the normalized parameters

are almost the same as the previous case. Fig. 6
shows a distributed model fit to a 3200 um device
(16 fingers) at the same bias point as the
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previous ones. Its S-parameters could not be
fitted with a scaled up lumped element model as
in Figs. 4 and 5. For scaling the series ele-
ments (Rg, Lg, Lp and Rp) in the lumped element
model, we have used the following formula,

S (] (o]
% LY Ny

where, Vy,; = total gate widths
N;  , = total number of gate fingers
1,2 = corresponding series elements

(Rgs Lg, Lp or Rp)

In bigger cell optimization, we first hold the
[2] and [Y] matrix/unit length (determined from
the elementary cell measurement constant) and
optimize for the manifold and airbridge para-
sitics simultaneously over five bias points; then
we let the bias-dependent elements in the
[Y]-matrix vary by approximately +10% to get an
overall good fit for all the bias points. This
is required to account for device-to-device
variation, especially for bigger cells in which
there is an averaging out effect, because all the
fingers may not be identical.

Conclusion

It is shown with experimental results that
with proper methodology, it is possible to pre-
dict the larger cell performance by scaling it up
from elementary cells. The distributed scaling
approach has been applied quite successfully to
predict the device performance. In the analysis,
ve have not taken into account the skin effects
on the resistance and the internal inductance of
the gate and drain lineg. [R] and [L] matrices
are assumed constant over the frequency range of
interest.
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PIG. 1. A two-finger FET with the draln finger split with a magnetic
vall. The bonding and via hole parasitics are also shown.
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Semi-distributed modeling of a four-finger FET.
Each drain finger is divided strictly with a
magnetic wall along the middle of its width (even
mode only). Cgq and Cry are the fringing field
capacitances of the gate and drain manifolds,
respectively, which are due to open ended effeects
of the manifold. On 100 um GaAs substrate, it is
approximately .005 pF/100 um of periphery.
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FIG. 3. Distributed modeling of a single-fingar FET. The underlying
assumption in this sketch is that the current is flowing
along tha widths of the gate and drain fingers, vhile on
source the current flow is across the width of the finger.
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FIG. 4, Sample fitting of lumped and distributed models vith fixture

deembedded (bond included) § data for a 400 pm
The fiteing is shoun for tvo out of
Por a cold FET,
At 2 GHz,

device on polar chart.
seven bias points, optimized simultaneously.
we also show the RP-probed data for ecomparison.
B: 18 GHz
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Radius iz "1* for $11, §22, and §12; "I" for S21.

Paragitics extraction betveem RF-probed and fixture-
wmounted data. The via hole inductance is for a pair on
100 um substrate. For one via hole, it is approximately
0.03 nit.
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TABLE 1. Lumped and distributed elements for a two-fingered elementary cell
(400 um total gate vidth).
BIAS DEPENDENT BIAS INDEPENDENT
Cag [Cqs | e Rus|Bi | T | Re Lg | Coc {Ra |Rs R |Lp |Cau'| Co | L.
LUNPED 029{.31 |.016|492{5.9[5.9{2.48].08(.0054[1.2{3.1 [NA |.09].078{NA |.014
DISTRIBUTED|.0731.762|.043{190]1.8(6.2[75 [.35[.005 [.44[1.4412.31.41}.203{.024}.013
BOND PARASITICS
Cpad1{Cpaa2{Cg0 |Cao |lpg|bna
LUMPED .028 |.035 |.044].045{.261.29
DISTRIBUTED|.028 [.029 |.0491.045].26{.29

411 capacitors in pF, all inductors in nf, all resistors in @, g, in mHo, < in pS§,
distributed elements are all per mm, except bond parasitics, 7, and L,. Distributed
elements are all even mode, except bond parasitiecs and L,. Even mode value for L, is
that of a single via hole (~ .03 nA).

¥ Cas assumes one of two values, depending on the blas condition, either hot or cold.
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FIG. 5. A sample fitting of a 1600 um cell
(eight fingers) at the same bias point

as Figure 4(b). Both lumped and dis-

tributed fittings are shown. We have
maintained very close to the same
distributed parameters. The lumped

parameters can also be scaled for the
elementary 400 um cell, except drain,
gate inductances and Cgy,. The pad
capacitances and the via hole induc-
tances are also different. A: 2 GHz,
B: 18 GHz. Radius is "1" for S11 and
$22; "4" for S21; and "0.2" for S12.
Measured in fixture

Lumped model

Distributed model
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TABLE 2. Lumped and distributed elements of a 1600 um cell (eight-fingered).
The bias point is the same as in Fig. 4(b).

BIAS DEPENDENT BIAS INDEPENDENT

Cag |Cqs | Ga [Ras| Bi | T {Rs | La [Cec |Ra | Rs [Ro | Lo |Cas | Ca {Lo*

LU¥PED .115]1.191.066{101]1.5716.5(.62].013|.016{.4 |1.1 [NA |.021|.36 [va {.026

DISTRIBUTED(.070[.82 {.045}{178)1.95}6.2[74 {.35 |.005f.42|1.51[2.1}.4 |.186}.024].016

BOND PARASITICS

Cpad1[Cpad2*|{Cq0[Can |Lbg[Llba

LUMPED .036 1.078  |.04}.049].23}.21

DISTRIBUTED|.030 [.031 {.04{.049{.23].21

* L, is moditied by air bridge inductance in lumped element model. Distributed
parameters are all per am, except bond parasitics, T and L,. Distributed param-
aters are all even mode, except bond parasitics and L,. Even mode value for L, is
that of a single via hole, which is .032 nH in this case.

+ Coi4» is modified by drain finger capacitance and draln manifold capacitance in
lunped element model.

MANIFOLD + AXR BRIDGE PARASITICS (FIG. 3)

Cy Cz Cs Cq Cs {Li L | Ly

.0021].0038].0065.00331.006].011{.008|.0012

Gates are approximately 45 pm apart. Air bridge is treated as microstrip lines 40 um
wide and 2.5 um high vith air dielectrie.
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FIG. 6. A sample fitting of a 3200 pm cell (16
fingers) with a distributed model., The
scaled up lumped element model could
not be fitted with the measured S-
parameters as good as the distributed
model. Radius is "1" for S11 and S2Z;
"4* for S21; and "0.1" for S12. A: 2
GHz, B: 18 GHz.
——————— Measured in fixture

Distributed model
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