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ABSTRACT

A new odd order impedance matching network with reduced sensitivity to active device capacitance variations

is presented.

A synthesis procedure for these networks is presented and experimentally verified with the con-

struction of a microwave amplifier. These networks are useful in the development of low cost microwave integrated
circuits since they reduce the harmful effects of device variations.

Introduction

In this paper a general analytic method is pre~
sented that extends network synthesis to include both
even and odd order low-pass impedance matching fil-
ters. Previous network synthesis procedures for im—
edance matching filters were based on the use of even
order filter structures. These odd order networks
are important since they are relatively insensitive
to variations in the capacity assoclated with a load
impedance lower than the generator impedance. The
insensitivity of these networks to capacitance varia-

tions can minimize or eliminate the costly tweaking
of circuits caused by variations in the active dev-
ices. Two classes of polynomials are presented so

that both broad-and narrow-band circuits may be de-
signed.

Discussion

The development of even order matching filters
[1] has proved very useful in amplifier design. It
will be shown in this paper that odd order filters
are unique 1in that they provide an insensitive cir-
cuit element instead of broadening the bandwidth of
the impedance match.

The design procedure is based upon consideration
of the fundamental relationship

[s11€w)|2 + |831(w)|2 = 1, (1)
with
S11(p) = D(p), )
H(p)
S21(p) = 1, 3)
Ye H(p)
and

e = (Rg=Rg)2 %)
§Rng

where p = g + jwe. The terms and Ry are the gene-

rator and load resistances, respectively. The char-
acteristic function, D(p) may be defined by
D(p) = (l+bp)M(p?), (5)
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where the parameter b is proportional to the square
of the parasitic capacity associated with the device
to be matched. This parameter is set to zero for

even order networks. The even polynomial, M(p2), may
be defined according to the transformation presented
in [1]) for broad-band matching, or it may use the co-
efficients of the binomial expansion for narrow-band
matching. During synthesis, the polynomial M(p2) de~
termines the bandwidth and ripple of the impedance
match, and approximate formulas for b in terms of the
load capacity may be derived which thus define
S21(p). Once S91(p) is defined, the derivation of a
network is straightforward.

Theoretical Results

The relative insensitivity of the odd order low
pass matching filters to variations in a shunt capac-
itor on the low impedance side of the filter may be
demonstrated both analytically and experimentally.
For the analytic case, the circuit of Fig. la was de-
signed from a Cebysev prototype with b=l and a frac-
tional bandwidth of 31%. The VSWR plots in Fig. 1b
were then obtained from the input of the filter as
the capacitor on the low impedance side was varied
+50%. Fig., 2a shows an even order (n=4) Cebysev
matching filter with the same parameters as the cir-
cuit in Fig. la except that b=0. By comparing Figs.
1b and 2b one may see that the synthesized filters
give nearly identical response (solid curves), but
that the t50% variations in the component nearest the
load causes much greater varilations in the VSWR of
the even order filter, For example, the midband VSWR
is designed as 1.1, but reaches 1.67+.08 under varia-
tions in the even order filter while only becoming
1.34£.05 wunder variations in the odd order filter.
The odd order matching filter thus uses the addition-
al element for inmsensitivity instead of bandwidth.

Experimental Results

An amplifier using a Motorala MRF 901 bipolar
transistor has been designed using a fifth order
Cebysev matching network for the input circuit, and
the lossy gain equalization circuit described in [2]
for the output circuit. Fig. 3 shows the amplifier
designed for operation from 650 MHz to 900 MHz at a
bias current of 5 mA and 5v Vgg. The parameters of
the input circuit design were b=3, Ry, = 13 ohms, f, =
800 MHz and A = ,3115, This circuit design produced
a theoretical and experimental gain of 15.9:.8 db
from 650 to 900 MHz.
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0dd order (n=5) Cebysev low-pass
matching filter with a bandwidth
parameter, A, of .31.

The input VSWR of this network
as the 1.64F capacitor, C_, is
varied #50%Z. The solid dashed
and alternating lines are for

Cs = 1.64F, 2.46F and .82F
respectively.
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Even order (n=4) Cebysev low-pass
matching filter with a bandwidth
parameter, A, of .31. This is
the filter of Fig. 1(a) with b=0.
The input VSWR of this network as
the .35H inductor, L s is varied
150%. The solid, dashed and
alternating lines are for L =,35H,
-525H and .175H respectively.
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The insensitivity of the odd order matching net~
work to changes in the device's input capacity is il-

lustrated in Figs. 3b,c which compares the odd order
matching network with an ideal transformer. Fig. 3b
shows the VSWR of the amplifier with an odd order

matching network in theory and experiment as well as
with an ideal transformer of 1.58:1 turns ratio. The
curves are represented by solid, dashed and alternat-
ing lines, respectively. While Fig. 3b shows reason-
able VSWR response in all cases, it is Fig. 3c which
shows the need for odd order matching filters. Fig.
3c shows the change in VSWR when a 5 pF capacitor,
giving approximately 30% more input capacity, is
placed in parallel with the transistor's base—emitter
Jjunction. The change in VSWR for the ideal trans-
former matched amplifier is obviously greater, and
thus more sensitive, than the changes in both the
theoretical and experimental odd order matching fil-
ter. This is because the shunt capacitor on the low
impedance side of the filter does not contribute to
the impedance increase needed for matching.

1788
4°

1788
110 25pF

“ T T T T [ q
sF .
@ " 7]
o ogf 7
o oak -
§ L ! "1 1 ]
600 .0 200 .0 20 .0 ERD IR
(b)
- T T T I I ]
o 8 T
= - o N -
pan RV T — ——
= e e T T N
q o™ - - \\ ~ T
2 T //// N T
L e N
E N ,
S N -
8 T N
2 I ! ] I i L
600 .0 7aa o EEEE) EERI
FREDUENITY < MHZ
(e)

Fig. 3 (a) MRF-901 amplifier with distributed fifth
order matching filter. Note the 100 pF
blocking capacitor and 90° long trans-—
mission line are for the bias network
only.

(b) VSWR of MRF-901 amplifier in theory
(solid line), experiment (dashed line)
and when the input network is replaced
by a 1.58:1 ideal transformer (alternat-
ing line).

(c) Change in VSWR of MRF-901 amplifier as a

5 pF capacitor is placéd across its base-
emitter junction. Same line equivalences
as in (b).



These networks can also be used to improve the
insensitivity of broadband F.E.T. feedback amplifi-~
ers. Such an amplifier was designed using an Avantek
AT-8111 F.E.T. chip biased at approximately 35 mA and
4v Vpg. The circuit shown in Fig. 4a produces 5t.3
db gain from 1 to 10 GHz and an input VSWR shown by
the solid curve in Fig. 4b. The dashed, alternating
and double alternating curves in Fig. 4b represent
variations of the circuit in Fig. 4a with no matching
network, a Smith chart matching network design, and a
£ifth order Cebysev matching filter; respectively.
Note how the circuit exhibits a rising VSWR versus
frequency with no matching network (dashed curve),
and a VSWR which goes to 1:1 and then rises sharply
above 8.2 GHz for the tuned characteristics of the
Smith chart matching network (alternating curve).
The analytic matching networks of third and fifth or-
der both exhibit smooth VSWR curves oscillating
around 1.5:1 and never exceeding 1.82:1. The capaci-
tor in the matching network nearest the device is ac-
tually the intrinsic device capacity, and thus is ac-
counted for in the design but not present in the cir-
cuit layout. The Smith chart design method inherent-
ly accounts for the device input capacity, and so
forms an odd order matching network albeit of nonop-
timal design. The curves of Fig. 4c show the change
in VSWR of each circuit when the F.E.T. input capaci-
tance is raised by 30% (.195 pF). Note how the cir-
cuit with no matching network exhibits a rising
change in VSWR versus frequency, while all the odd
order matching networks exhibit a very low change in
VSWR up to some break frequency. Thus, these match-
ing networks trade insensitivity at most frequencies
for an increased sensitivity at very high frequen—
cies. The Smith chart matching netwrok (alternating
curve) has the lowest break frequency and highest
sensitivity at 10 GHz as shown in Fig. 4c, and so is
not the optimal matching network. The fifth order
network (double alternating curve) shows a very low
VSWR change up to 9 GHz which makes it the optimum
network for increases in capacity. The poor perform—
ance of the fifth order network for reductions in
capacity may make this network less than optimum in
some situations. The analytically designed third
order network gives an overall improvement over the
Smith chart matching network, and no matching network
in all capacitance variations. Thus, this method of
analytic matching network design is shown to yield
improved and relatively insensitive circuit designs.

Conclusion

In conclusion, the theory of low pass matching
filters is extended to include odd order networks.
The analytic theory presented here should be of par-
ticular use in designing internal matching networks
for bipolar transistors and F.E.T.'s. These odd or—
der networks offer reduced sensitivity to parasitic
capacity variations in active devices, thus potenti-
ally reducing the cost of monolithic circuits by
eliminating tuning.
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Avantek AT-8111 broad-band F.E.T. ampli-
fier with a distributed third order
matching filter.

VSWR of AT-8111 amplifier for input net-
works consisting of third order matching
filter (solid line), no matching network
(dashed line), Smith chart designed
matching network (alternating line), and
fifth order matching filter (double
alternating line).

Change in VSWR of AT-8111 amplifier as a
.195 pF capacitor is placed across its
gate-source leads. Same line equiva-
lences as in (b).
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