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Abstract

The exact synthesis of distributed interstage matching networks for broadband microwave GaAs FET amplifiers

is presented.

The results presented are based on distributed models of the FET and the design is exact for both

maximally-flat and equiripple tapered-magnitude gain characteristics with arbitrary gain slopes.

Introduction

The design of interstage matching networks for
broadband microwave GaAs FET amplifiers requires the
synthesis of broadband matching networks which will
provide 1) compensation for the prescribed gain slope
of the transistors, 2)broadband matching to equalize
the simultaneous reactive constraints of the transis-
tors, and 3) broadband impedance transformation with-
out transformer. For the interstage matching networks,
it is necessary to distribute the zeroes of the reflec-
tion coefficients to satisfy the simultaneous reactive
constraints imposed by the FETs. In addition, for the
design of microwave broadband GaAs FET amplifiers, it
is highly desirable to use synthesis techniques direct-
1y in the distributed domain. For bandwidth of an oc-
tave or above, the conversion of lumped element proto-
type design to transmission-line realization will often
alter drastically the characteristics of the original
design.

Based on the distributed models of the GaAs FETs,
the exact synthesis of distributed matching networks
for broadband microwave GaAs FET amplifiers is presen-
ted. The distributed matching networks to be considered
in this paper are commensurate transmission-l1ine networks
with an arbitrary number of cascade lines and open- and
short-ciucuited stubs. The work reported in this paper
can be considered as extensions and generalizations of
several previous tontributi?gg on the design of broad-
band transistor amplifiers.

Broadband Cascaded GaAs FET Amplifiers

The basic two-stage broadband cascaded GaAs FET
amplifier configuration is shown in Figure 1. Two of
these amplifier modules can be combined by quadrature
hybrids to obtain a high-gain and well matched FET amp-
lifier as shown in Figure 2.

For the single-stage amplifier, it is assumed that
the transistor is unilateral. For the design of the
interstage matching networks, it has been found that
this assumption will lead to unacceptable gain variation
in the passband. We have used the techniques of remodel-
ing the equivalent circuits to take into account the
effects of the nonzero $12 of the FETs. :
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The distributed equivalent circuits for a microwave
GaAs FET input and output models are presented in Fig. 3.
Based on the measured scattering parameters of the FET,
the distributed equivalent circuits are derived. To illu-
strate this procedure, consideg a lu-gate GaAs FET dis-
cussed by Liechti and Tillman.~ The input equivalent
circuit is given by Figure 3(a) with the element values
of Z. = 21.998q for & = A/8 at 14GHz and R. = 9.704q.
The dutput equivalent circuit is given by ?igure 3(b)
with the element values of Z_ = 148.34qa for 2 = A/8 at
146Hz and R_ = 501.60. These®element values are derived
using Sqp @ d Sop for the octave band from 7GHz to 14

GHz and will be modified later to account for Syp:

The optimum gain-bandwidth ]imitation§ for distri-
buted matching networks have been derived.’ These ideal
limitations can be used to determine the distribution of
gain slopes among the input, output, and the interstage
matching networks. For the FET under consideration, an
ideal zero slope input network requires a flat loss of
0.66 dB while a flat loss of 0.19 dB would be required
for an ideal zero slope output matching network. For
the interstage matching network, simultaneous reactive
constraints must be satisfied.for a given gain slope.
In addition, it must provide broadband impedance trans-
formation.

The basic structure of the distributed matching
networks is an arbitrary cascade of unit elements (UE's)
and commensurate open- or short-circuited series and
shunt stubs. The gain function of this general class of
distributed networks in terms of the Richards' transfor-
mation variable @ is given by

2y _ k(14029 | k(14x)9
Gy(2”) = R (1)
Pn(Q ) Pn(x)
where
o=tan wt (2)
t=delay length of the commensurate lines
X=Q

m=number of high-pass sections
g=number of cascade UEs
K=gain constant

In (1), Pn(x) is an nth-order polynomial which will be

derived to provide an maximally-flat or equiripple app-
roximation to the ideal tapered-magnitude gain function
for the distributed case given by



6(x) = { Bi? tan1/x 32 (3)

where o« is the gain taper parameter and oA is the radian

frequency at the high end of the frequency band. Note
that (3) is the ideal gain taper characteristic in the
real frequency variable w. Since commensurate transmi-
ssion line networks are periodic, for the tapered-
magnitude gain functions, the Tine lepgth must be stri-
ctly less than quarter-wavelength at Wy The ideal taper

ed gain characteristic and frequency variables for dis-
tributed matching networks are shown in Figure 4.

Two typical interstage matching networks are pre-
sented in Figures 5 and 6. For the configuration shown
in Figure 5, N = 6, NL =2, NH = 2, and NC =2 and for

the network in Figure 6, NL =1, NH = 2, and NC = 3.

To illustrate the explicit results for an equiripple
matching network with a gain slope of 8 dB/octave,
consider the circuit in Figure 5 for an octave band-
width with a gain reduction of 0.5 dB. The element
values are given by

ZO]=8.4117, 202=15.3948, 103 =1.4144,
Zy4=4.1631, 205=]1.8628, Z06=5.9699,
R=14.1257

We must distribute the zeroes of the reflection
coefficients to satisfy the simultaneous reactive cons-
traints imposed by the FET. For the low-pass and the
high-pass constraints, simple relationships can be de-
rived to determine the effects of the zero distributions

A two-stage GaAs FET amplifier has been designed
and is shown in Figure 7. The initial design is based
on a input matching network with 2 dB/octave gain slope,
an interstage matching network with 8 dB/octave slope,
and an output matching network with 2 dB/octave. The
input matching network is N=6, NL=], NH=2, and NC=3’

with no gain reduction and ripple of 0.23 dB. The inter-
stage network is of the same configuration but the gain
reduction is 0.5 dB and ripple of 0.75 dB and the zeroes
of the reflection coefficient are distributed to absorb
both the input and output constraints of the FET. The
output matching network is a simple N=4, NL=1, NH=1,

NC=2 network with no gain reduction and a ripple of

0.28 dB. The relatively high order and gain slope are
necessary for the interstage network to satisfy the
gain-bandwidth 1imitations. In addition, it is found
that remodelling of the equivalent circuits are needed
to take into account the effects of nonzero S12 of both

transistors.
The element values presented in Figure 7 are for

an optimized two-stage amplifiers. The optimized gain
response are tabulated as follows:

Freq. (GHz) Opt. Gain (dB)
Freq. {Grhz)  Upt. Gain

7 13.8

8 14.2

9 13.9

10 13.7

1 14.3

12 14.0

13 13.9

14 14.0
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The optimized gain is 14 dB with a maximum variation of
+ 0.3 dB.
oS, 1e DL D6 14000, 00
-1432,47 42,14 14000, 00
-37.12 45,82 14000, 00
2, S IAUST O 14000, 00
101,14 47, 3& 14000, 00
2,24 -531,67 14000, 00
S0, 00
100000, 00 S5, 00 14000000
100,00 Z0.20 14000.00
-25, 868 S5S5.2% 14000, 00
115, 02 S0.7%  14000.00
100, a0 SZ.21 14000, 00
[ER ] S5.95 14000, 00
4%, 1110 14000, 00
- 14000, 00
14000, 00
14000, 00
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