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ABSTRACT

An efficient computer-aided optimization procedure is presented to synthesize the general class of microwave

filters that can be realized in dual-mode canonical configuration. Tradeoffs for new response functions of such

filters for typical satellite requirements are highlighted.

Introduction

This work was motivated by the continuing demands for

improved microwave filtering by the communications

satellite industry. Adaptation of optimization

techniques to the needs of practicing engineers is

the main intent of this paper.

Prototype Filter for Computer-Aided Optimization

It is of paramount importance to define the filter

parameters so that they reflect the practical require-

ments directly and at the same time be amenable to
efficient optimization of the filter response. This

is accomplished by characterizing the amplitude
response in dBs in terms of the attenuation zeros and

poles - referred to as the critical frequencies.
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al,az, ...: are the frequencies of attenuation zeros

bl,b2, ...: are the frequencies of attenuation poles

t(s),p(s): are the transmission & reflection
coefficients respectively

T, R : are the transmission & reflection

loss in dB respectively.

The ripple factor s governs the tradeoff between the
maximum and minimum attenuation in pass and stop bands

and therefore need not be considered as an independent
parameter. The frequencies of attenuation maxima or

minima are given by
~=
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The objective function U is then represented by

U = z ABS[l R(i)- R(j)l-A ijl+J$LABS[] T(k)- T(~)[-Bk~l

i #j

where R(i), T(i) are return loss and transmission loss
in dB at the ith attenuation maxima or minima.

A and B.. represent arbitrary constants. For equi-
ij IJ

ripple passband, A.. = O and for equi-ripple stopband,

B . . = o. The summ~;ions extend over all attenuation

m~~ima in the passband for the first term and over all

attenuation minima in stopband for the second term.

Constraints on the independent variables, viz., the
finite critical frequencies are given by

O<al, a2, . . . . < 1

b b2, . . . .>1
1’

The gradient of the objective function U therefore

involves terms of the form ~ , or 3T .
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These derivatives are derived analytically as
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[n a similar manner, gradients with respect to the
attenuation poles bi are determined.

The unconstrained objective function Uart is then

constructed as 11, 2],

uart(x, rt) = U(x) + rt; ‘ + r;l/2 Y (1/Ij(X))2
k=, ~ j=l

where 4 and $ are the inequality and equality

constraints and rt is a weighting factor. The

gradients of the constraint functions are also
derived analytically. For optimization of this

function, we determined the algorithm of Fletcher [3]

as the most efficient one. It shows improvement over

the well known Fletcher & Powell method [4] of optimi-

zation for this class of problems.



New Response Functions for Filter Networks

As a test case, table 1 describes the computed criti-

cal frequencies for a six-pole elliptic filter using

the optimization procedure outlined in this paper.
This confirms the flexibility and efficiency of the

software. For practical cases where an accuracy of

1% is adequate, computation time can be reduced to

about one second.

Table 2 describes the computed critical frequencies

of an unconventional eighth order filter character-

ised by a pair of attenuation poles, double zero at

origin, equi-ripple passband and variable stopband

attenuation minima. Such a Iowpass prototype network

can then be used to real ize the practical filters -

be they low pass, high pass, band pass or band stop
using frequency transformation. At microwave fre-

quencies, such a generalized function can be realized

most conveniently in a dual-mode configuration.

Filter Tradeoffs for Space Application

A dual-mode structure is the optimum configuration
for microwave filters for space application. Besides

advantages of weight and volume, it permits realiza-

tion of completely generalized characteristics. As

as example of this and based on the optimization

package described here, Figures 1 and 2 highlight the
ampl itude and group delay tradeoffs for an 8-pole

dual-mode 0.5% bandwidth filter at 12 GHz with a

single pair of transmission zeros and varying number

of equi-ripple peaks in the passband. Similar trade-

offs can be determined for an eight-pole filter with

two or three pairs of transfer function zeros. Dual -

mode waveguide structure permits physical realization
of these response functions [5]. As expected, the

attenuation rise is sharpest when the number of peaks

in pass band is maximum. As the number of peaks is
decreased, the attenuation is reduced and so is the

relative time delay in the pass band. The computed

value of amplitude and delay have a close correlation

with practical filter networks.

Conclusions

An efficient procedure is described to determine

the critical frequencies of the completely general
class of prototype filters using computer-aided

optimization. Equi-ripple class of filters is a
special case of this program package. The objective
function is defined in terms of the practical para-

meters of transmission loss in dB; gradients including

those of constraints are derived analytically. New

algorithm of Fletcher is incorporated in the program
for optimization. Classic filters like Chebyshev or
elliptic fall out as special cases in about 1 to 5
seconds of CPU time. Practical narrowband filters

in a dual-mode structure can then be realized using

frequency transformation and general coupled cavity

synthesis procedure of Atia et al [5]. Using this
program package, tradeoffs for an eight-pole bandpass
filter with a single pair of transmission zeros and

varying number of equi-ripple peaks in passband
are highlighted.

This optimization program package thus offers the
following distinct advantages.
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The technique is completely general and is

capable of generating new types of filter

functions determined solely by the overall

system requirements.

The objective function and constraints are
defined in terms of the practical parameters of

transmission or reflection loss in dB.

Use of analytic gradients and the new algorithm

of Fletcher permits very efficient determination

of critical frequencies of prototype networks.

Practical filter networks are easily derived

using frequency transformations and realized in

a dual-mode configuration using general coupled-

cavity synthesis techniques.
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