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Abstract

Experimental and Theoretical results are presented demonstrating some novel properties of inhomogeneous
coupled-line structures having large even-odd mode velocity ratios, e.g., a single inhomogeneous coupled-line
filter section with an equiripple, 3-peak stopband response.

Introduction

Coupled-line structures are utilized extensively
as building blocks for filters, directional couplers
and other important transmission line devices.ls
0dd and even propagation mode components> 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 unequal for lines
in an inhomogeneous medium. Coupled lines in micro-
strip® and suspended-substrate stripline5 yield small
deviations from equal velocities (velocity ratios
typically less than 1.2). Much larger deviations can
be obtained with inhomogeneous broadside-coupled
strips® (velocity ratios of 3.0 and even larger).
Velocity ratios of roughly 2 to 1 and higher can lead
to dramatic useful changes in the performance of
familiar circuits.

The purpose of this paper is to present experi-
mental and theoretical results demonstrating some of
the novel properties of inhomogeneous coupled-line
structures having large even-odd mode velocity ratios.
For example, it will be shown that a rippled pass and
stopband response can be realized with a single in-
homogeneous section producing a respomnse similar to
that of several homogeneous sections in cascade.

Analysis

The inhomogeneous counterpart of each of the ten
two-port coupled-line configurations identified by
Jones and Bollajahn’ has been studied. Each con-
figuration exhibits interesting properties not
possessed by the homogeneous version. For the
purposes of this summary, attention will be focused
on one configuration, the C-section as shown
schematically in Figure 1A. 1In the homogeneous case
of equal mode velocities a C-section is an all-pass
network. As shown below, an inhomogeneous C-section
with a large even-odd mode velocity ratio becomes a
very good bandpass network. Information similar to
that to be presented for the C-section is available
for the other configurations.

Design relations for the inhomogeneous coupled-—
line filters were obtained by analytically manipu-
lating the insertion loss expression as given in
terms of the ABCD parameters of the network and the
generator and load impedances. The ABCD parameters of
a pair of inhomogeneous coupled lines can be deter-

mined by the method of Jones and Bollajahn’. Results
for symmetrical lines are given by Zysman and
Johnson8. -

General equations have been derived for each type
section. The features of these relationships are well
/s s .
/illustrated by the specific case of the C-section

159

with a 2 to 1 velocity ratio.

Define:
Zoe = even mode impedance
ZOO = odd mode impedance
v, = even mode velocity
v, = odd mode velocity
2 = physical length of coupled section
Zo = characteristic impedance of input and output
‘lines
_ _ _ 2
ko= ve/vo’ R = zoe/Zoo’ M= Zo/Zeroo
Qe = 21Tf9v/ve = even mode electrical length
0 = Zﬁfl/vo = odd mode electrical length = kee

For the C-section with k=2, the locations of
zeros of attenuation are given by

(14) 8, = 0°, 180°, 360°, < and

s il b JH2 >
(1B) ee sin < VZM—Z) for M 2 2.
If M<2 only the ©_ = 0°, 180°, 360°, -+ zeros are
present. Locations of poles of attenuation are given
by
(24) Ge = 90°, 270°, - and
_ -1 4 ’R -2 >
(2B) Qe = cos (e Eﬁ—:—zp for R Z 2.

For R<2 only the 6, = 90°, 270°, . poles are present.
Relative maxima and minima are located where
(3 o, = sinl GEvE)
where x = (-B tVBZ ~4AC )/ (24)
and A 4 (RM-1)
B 2 (R-M) + 4(1-RM)
¢ = R(M-2).
Only positive values of x 1 are admissible.
The value of attenuation at each relative maximum or
minimum is given by

k]

fl

<

R fC4C 2
(4) (Insertion Losséb= 10 Loglo[? + ﬁ’(—%gg) ]
where C, = l’_‘—x , €y = 2x - 2Mx + M-2,
C3 =2x - 2xR + R

and x is given in Equation 3.

Graphs of the design equations for the C-section
with k = 2 are given in Figures 2 and 3. The following
comments pertain to these graphs. Notice that zeros
are always located at 8, = 0°, 180°, For M > 2
an additional pair of zeros is present in each 180°
period of Ge yielding a wider passband with ripples.
For example, if M = 3, zeros are located at 8¢ = 0°,
30°, 150°, etc.

Similarly a pole of attenuation is always located
at @ = 90°. For R > 2 an additional pair of poles is
present in each 180° period of 6, yielding a wider
stopband with ripples. For example, if R = 3 poles



are located at Ge = 60°, 90°, 120°. section.

Finite, nonzero relative maxima and/or minima of
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