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ABSTRACT

Design data for single-section inhomogeneous coupled-line filters based on large even/odd mode-velocity

ratios has recently been published [1].

inhomogeneous coupled-line filters with large mode-velocity ratios.
The rather complex pole-zero structure of single-section inhomogeneous coupled—-line filters

are presented.

permits great flexibility in designing multi-section filters.
passband width ratios.

bands are possible as well as large stopband to

INTRODUCTION

Coupled-line structures are utilized extensively
as building blocks for filters, directional couplers
and other important transmission line devices [2,3].
0dd and even propagation mode components [4] are
commonly used in analyzing coupled lines. The phase
velocities associated with the odd and even modes
are equal for lines in a homogeneous medium but un-
equal for lines in an inhomogeneous medium. Coupled
lines in microstrip [5] and suspended-substrate
stripline [6] yield small deviations from equal
velocities (velocity ratios typically less than 1.2).
Much larger deviations can be obtained with inhomo-
geneous broadside-coupled strips [7] (velocity ratios
of 3.0 and even higher). Velocity ratios of roughly
2 to 1 and higher permit the realization of novel
filter properties such as a single inhomogeneous
coupled-line filter section with an equiripple,
3-peak stopband and passband response [1].

Design data for single-section inhomogeneous
lines has recently been published [1]. The purpose
of this paper is to extend those results to multi-
section inhomogeneous coupled-line filters with
large mode-velocity ratios. The rather complex pole-
zero structure of single-section inhomogeneous
coupled-line filters permits great flexibility in
designing multi-section filters. Very sharp pass-to-
stopband transitions are possible as well as large
stopband to passband width ratios.

DESIGN TECHNIQUES

Cascade, parallel and combination cascade-
parallel realization have been investigated. Two
different techniques have been utilized in the design
procedure, the first is based on ABCD parameters and
data on pole-zero locations of the type given for
single-section inhomogeneous coupled-line filters by
Allen [1], while the second is based on scattering
parameters. Both procedures have been implemented
with the aid of a digital computer. Currently, the

+The work reported in this paper was sponsored by the
National Science Foundation under grant number
GK-38117.
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The purpose of this paper is to extend those results to multi-section

Both experimental and theoretical data

Very sharp transitions between pass- and stop—

design is carried out at a remote terminal via an
interactive procedure. Included in the computer imple-
mentation is a versatile and computationally efficient
program for analyzing essentially arbitrary combi-
nations of distributed and/or lumped-constant n-ports
(most efficient for n £ 4). This program has enabled
the investigation of some unusual combinations of
homogeneous with inhomogeneous coupled~line sections
that appear promising for such tasks as realizing very
broad stop bands with high minimum attenuation with a
few simple sections.

EXPERIMENTAL AND CALCULATED RESULTS

Two multi-section inhomogeneous coupled-line
filters have been fabricated and tested. Several other
filters are currently being fabricated and data on them
will be available for the conference paper. The exper-
imental circuits are of the inhomogeneous broadside—
coupled strip type [7]. Figure 2 presents experimental
and calculated data for a cascade of two inhomogeneous
C~sections. The characteristic multi-pole stopband
response of this class of inhomogeneous filters [1] is
clearly in evidence. Data on filters of several types
with 3 and 5 sections will also be available for the
conference.

Figure 2 shows calculated response of a pair of
3-section complementary filters with ldb crossover
point. The dotted-line response is for a 3-section
inhomogeneous comb-l1line filter, and the solid-line
response that of a 3-section inhomogeneous C-section
filter. The theoretical minimum attenuation in the
stopband of each of these 3-section filters is greater
than 100 db. Figure 3 is a cascade of 3 inhomogeneous
C-sections to form a low-pass filter. The 0.5 db pass-—
band is about 800 MHz wide. The transition from pass
to stopband is steep and the minimum stopband attenu~
ation is greater than 40 db from 1 GHz to 5 GHz.



CONCLUSION

Multi~section inhomogeneous coupled-line filters
have been designed, fabricated and tested. The rather
complex multi-pole/multi-zero response of single-
section inhomogeneous coupled-line filters [1] can be
used to considerable advantage in constructing
physically simple multi-section filters with excellent
characteristics including steep pass—-to~stopband tran-
sitions and wide stopband to passband ratios.
Additional experimental data on 3 and 5 section £il-
ters as well as details on the design technique and
computer implementation will be presented at the
conference.
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Figure 2. Calculated response of a = [ ] [T T 1
pair of complementary filters, The 400
dotted-curve response is a 3-section 0.0
inhomogeneous comb-Tine filter. The 20, N
solid-curve response Ts a 3<section g /0.0
inhomogeneous C-section filter. In J
each filter vel = Vap = Vo3 =
2.26 x 10 cm/secs Vol = Vo2 = Vg3 = 1
1.13 x 10 cm/secs Zgel = Zge? = S /0
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C-section inhomogeneous coupled Tine 20— ) —
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