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ABSTRACT
A small signal equivalent circuit for a SBFET derived from the basic trarls-

port equations is extended to include the effects of finite propagation veloc-

ities along the contact metallizations. Resonances are shown to occur in the
device y parameters due to distributed effects along these contacts.

INTRODUCTION

.
In previous work~ we have, using numer-

ical methods, deduced the static and dynamic
properties of a Schottky barrier field effect
transistor (SBFET), including distributed
effects parallel to the channel. The silicon
device with a 1 micron wide gate which we
analyzed showed an fmax of 42 Grlz when fabri-
cated on an insulating substrate and ~8 GHz
when fabricated on a high reslstivity sub-
strate, neglecting the effects of contact
metallizations in both cases. These r suits
are in good agreement with experiment. 5 The
inherent high frequency performance of such
devices suggests that distributed effects
perpendicular to the channel may very well
play an important role in their operation.

For biDolar devices it has been found both
experimentally and theoretically that indeed
distributed e?fec s are important at micro-
wave frequencies. 5,4 In this paper we

describe an analysis of a distributed SBFET
that includes both the effects of finite
signal velocity along the gate and drain con-
tact structures and in the channel perpendi-
cular to these contacts. Using the results
of the analysis, we have carried through the
numerical computations to show the distri-
buted character of the performance of the
device whose lumped properties were derived
in Reference 1. The results of our analysis
show the dependence of SBFET performance upon
distributed effects and include all para-
sitic associated with the basic ~evice. We
believe that the design information implicit
in our analysis is required if the device is
to be optimized for use above X band.

THEORETICAL MODEL

The device we propose to analyze is
sketched in Figure 1. We consider the struc-
ture to be a distributed paramet r circuit
and extend the results of Murray 5 to include
active as well as passive coupling between
two transmission lines. An equivalent.
circuit for the distributed device of length
Az In the z-direction Is shown in figure 2.
The elements ZF and ZD are the series com-
bination of the resistance per unit length of
the gate and drain contact structures respec-
tively. The resistances may be obtained from
a knowledge of the sheet resistance and width
of the contact structures, while the induct-
ances may be obtained by treating the gate
and drain lines as coupled microstrip lines
using a TEM approximation. The parallel

elements, YG, Y D, YD and Gm inVOlve the ner

Yunit length adm ttance parameters of the lumP-
ed device and the admittances per unit length
associated with the contact structure capaci-
tances, gate-to-source, gate-to-drain and
drain-to-source. For the specific SBFET which
we treat as an example, the active device
admittance are obtained from the common-sou ce
admittance parameters previously calculated f

and the resistance, capacitances and induct-
ances are calculated using the known proper-
ties of the contact lines.

The differential equations which describe
the distributed device are

(1)

(2)

in which ~ and ~ are the two element column
matrices composed of ~he gate and drain

current and voltage, y is the 2 by 2 admit-
tance matrix ~or the parallel elements in
Figure 2 and Z is the 2 by 2 impedance matrix
of the series elements ZG and ZDO

From equations (1) and (2), ye see ~hat
the propagation matrices ~1 and 1’2 for V and

~ are not identical. This is due to the fact
that the drain and gate lines are, in general,
different and to the fact that active coupling
is included by way of gm in the admittance
matrix Y.

The*solutions of the matrix equations (1)
and (2) yield the gate and drafn voltages and
currents at any point on the respective lines.
The complex constants of integration are
determined from the boundary conditions at
each of the four ports. Thus knowing the
impedances terminating each of the lines, the
ratios of current and voltage are knc)wn and
from these the constants of integrat?.on may
be found.

Having obtained ~ and ~. the four Port
ABCD matrix
scrfbes the

defined below tfien fully de-
linear behavior of the device
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[1=[~1[1‘3)
in which vi, ~i, ~o, To are the vectors formed
from the invut and out~ut voltaces and
currents. The element; of the” ~BCD matrix are
themselves 2 by 2 matrices which have been
found in terms of components of the circuit
illustrated in figure 2, that is from the
admittance parameters of the lumped device
and the properties of the gate and drain con-
tact lines. For a specific structure the
former can be found as described in Reference
1 and the latter can be found from the proper-
ties of the contacts and their environment.

ii = cosh ~1 k
(4)

(5)

(6)

(7)

where,

Having the elements of the transmission
matrix, the performance of the distributed
device at any given frequency has been inves-
tigated using equation (3). In particular,
we can find the two port admittance matrix
and the maximum available gain of the dis-
tributed device for any particular set of
terminations on the remaining two ports.

NUMERICAL RESULTS

The analysis described above has been
used to determine the behavior of a specific
device of the type sketched in figure 1 and
described in detail in (l). Using the admit-
tance parameters derived for the lumped de-
vice and the conductive properties of the
device, we have calculated the composite two
port y parameters and the maximum available
gain of this distributed device and have
found that for the device studied resonances
due to distributed effects occur in the y
parameters fo~ a gate length-frequency
product of 10 meters x Hz. Calculated
values for Yll, Y2 and the maximum available
gain are shown in l’igures 3-5 for a common
source device with a 1 micron wide and 1000
micron long gate fabricated on a high resis-
tivity substrate. In each case the curves
are given both with and without the distri-
buted effects in the z direction. The ex-
tension of the analysis to other SBFET con-.
figurations will be discussed.

1.

2.

3.

4.

5.

REFERENCES

Alley, G. D. and Talley, H. E. “Theoreti-
cal Study of the High Frequency Per-
formance of a Schottky Barrier Field
Effect Transistor” talk presented at the
1972 Electron Device Conference, sub-
mitted for publication in the IEEE
Electron Device Transactions.

wolf, P. “Microwave Properties of Schottky
Barrier Field Effect Transistors” IBM
Journal of Research and Developmen~Vol.
14, No. ~ March 1970.

Wahl, A. J. !*Distributed Theory for Micro-

wave Bipolar Transistors,!! 1972 IEEE
Election Device Conference, Washington,
D. C.

Shackle, P. W. ‘fAn Experimental Study of

Distributed Effects in a Microwave Bipolar
Transistor,” 1972 IEEE Electron Device
Conference, Washington, D. C.

Murray-Lasso, M. A. “Unified Matrix Theory
of Lumped and Distributed Directional
Couplers” Bell System Technical Journal,
January, 1~

ie(z)
—

Igzl

‘(z)fm$tf’+
‘)-yinq=’(z+

Figure 1

Schottky barrier field effect transistor, SBFET
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Figure 2

Equivalent circuit for distributed
SBFET of length Az
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Figure 3 Figure ~1

Calculated real and imaginarY Parts of YI1 and Y21 for a common source silicon SBFET with a

l-micron wide gate and a 0.2-micron thick epitaxlal layer with an impurity concentration of
~017 ~m-3 VGS.O volts and VDS’5 volts. Curves for the distributed device were calculated

with ports 2 and 3 open circuited.
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Figure 5

Calculated maximum available gain for a silicon

SBFET with a l-micron wide and 1000-micron long

gate and an epitaxlal layer thickness of 0.2 micron

(ND=1017cm-3). The impurity concentration in the
13 cm-3

substrate was 1.5 x1O .
‘GS

=0 volts and

‘DS
=5 volts. The curve for the distributed device

was calculated with ports 2 and 3 open circuited.
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