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Fig. 6. Resonance frequency variations as a function of the resonator
thickness for the WGH modes.

thickness. In this case, the resonator is placed on the same dielec-
tric substrate as previously (4 = 0.127 mm, ¢, = 2.2).

These results confirm that the resonance frequency of WG modes
depends on the thickness of the resonator in particular when this
one is not too large.

Comments on ‘‘A Novel Method for Modeling
Coupling Between Several Microstrip Lines
in MIC’S and MMIC’S”’

Eugemo Costamagna

In the above paper’, the capabilities of a described four-port gen-
eralized couphng model (GCM) in analysing multiple coupled mi-
crostrip line circuits are deeply explored. The model is used to
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describe coupling between nonadjacent lines as well as adjacent
ones, and interesting results are shown.

A rather similar method for modeling couplings in multiple line
structures was described in [1], based on a different algorithm to
compute line self-admittences in an indefinite admittance matrix
scheme [2] for the overall circuit analysis. This method utilizes the
equivalent circuit for asymmetric coupled pairs of lines in inhom-
ogeneous dielectric described in [3], which generalizes the Zysman
and Johnson’s model for symmetric pairs [4], and completes the
description in terms of decoupled transmission lines and congru-
ence transformers and the time do‘main analysis of Chang [5]. The
circuit parameters can be easily shown to be consistent with the
full modal analysis provided by Tripathi [6], [7]; special cases have
been examined by Speciale [8] and by Allen [9].

Routines based on this equivalent circuit and on the Zysman and
Johnson’s one have been implemented at Marconi Italiana in gen-
eral purpose programs (see the short descriptions of the MARE and
MIDFO programs in [10]), to perform accurate analysis and syn-
thesis of microstrip and suspended substrate line devices in quasi-
TEM wave propagation.

Although possible in principle, as shown by Swanson, we have
not utilized these routines to describe couplings between nonadja-
cent lines, because their primary use concerned shielded structures,
where nonadjacent lines were very weakly coupled. The interesting
results now obtained by Swanson in applying the GCM to non ad-
jacent lines encourage me to draw the reader’s attention to a further
type of model improvement, also described in [1], which intro-
duces a building block concept in modeling multiple coupled line
structures. In fact, segmenting the coupled lines as described in [1]
allows to more precisely modeling, by the equivalent circuit in {3] .
or a similar four-port, the local coupling among various lines. Some
results are given in [1], where the dramatic improvement in the
analysis results which arises in some cases is illustrated by consid-
ering a three line microstrip circuit, for which exact reference pa-
rameter values can be provided from the Tripathi’s [11] analytical
description. - )

REFERENCES

[1] E. Costamagna, ‘Equivalent circuits for multistrip structures derived
from two-line building blocks,’’ Alta Frequenza, vol. LI, N. 3, pp.
170-173, Mar. 1982. :

[2] M. A. Murray-Lasso, ‘‘Analysis of linear integrated circuits by dig-
ital computer using black-box techniques,’’ in Computer Aided Inte-
grated Circuit Design, G. E. Herskowitz, Ed. New York: McGraw-
Hill, 1968, ch. 4. )

[3] E. Costamagna and U. Maltese, ‘‘Linee accoppiate asimmetriche in
dielettrico non omogeneo,’” Alta Frequenza, vol. XL, N. 9, pp. 737-

. 741, Sept. 1971 (in Italian). .

[4] G. 1. Zysman and A. K. Johnson, ‘‘Coupled transmission line net-
works in an inhomogeneous dielectric medium,”’- IEEE Trans. Micro-
wave Theory Tech., vol. MTT-17, pp. 753-759, Oct. 1969.

[5]1 F. Y. Chang, ‘‘Transient analysis of lossless coupled transmission
lines in a nonhomogeneous dielectric medium,’’ JEEE Trans. Micro-
wave Theory Tech., vol. MTT-18, pp. 616-626, Sept. 1970.

[6] V. K. Tripathi, ‘‘Asymmetric coupled transmission lines in an inho-
mogeneous medium,”” IEEE Trans. Microwave Theory Tech., vol.
MTT-23, pp. 734-739, Sept. 1975. '

[7]1 —, ““Equivalent circuits and characteristics of inhomogeneous non-
symmetrical coupled-line two-port circuits,”” IEEE Trans. Micro-
wave Theory Tech., vol. MTT-25, pp. 140-142, Feb. 1977.

[8] R. A. Speciale, ‘‘Even- and odd-mode waves for nonsymmetrical
couplined lines in nonhomogeneous media,’” IEEE Trans. Microwave
Theory Tech., vol. MTT-23, pp. 897-908, Nov. 1975.

[9]1 J. L. Allen, ‘‘Non-symmetrical coupled lines in an inhomogeneous

0018-9480/92%03.00 © 1992 IEEE



IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES, VOL. 40, NO. 5, MAY 1992

dielectric medium,”’ Int. J. Electronics, vol. 38, pp. 337-347, Mar.
1975.

{10} U. Maltese, MARE (Marconi Analisi Reti Elettriche) and MIDFO
(Microwave Inhomogeneous Dielectric Filter Oplimization) pro-
grams, Schede Descrittive dei programmi per la progettazione auto-
matica in elettronica, S.P.28 and S.P.29, Alta Frequenza, vol. XLI,
N. 3, pp. 211-213, Mar. 1972 (in Italian).

[11] V. K. Tripathi, ‘‘On the analysis of symmetrical three-line microstrip
circuits,”’ IEEE Trans. Microwave Theory Tech., vol. MTT-25, pp.
726-729, Sept. 1977.

Author’s Reply?

Daniel G. Swanson, Jr,

1 would like to thank Dr. Costamagna for calling my attention
to the work in [1]. His method is an interesting generalization to
the asymmetric coupled line case of an earlier work by Grayzel [2]
for symmetric coupled lines. I would also like to emphasize some
important differences between the method in [1] and [2] and the
method described in my paper.

Only adjacent couplings are modeled in [1] and [2] by combining
pairs of coupled lines. In [1] the correct self admittance for each
line is obtained by dividing the appropriate admittance parameters
by two. The same result is obtained in [2] by dividing the strip
width in half before computing the admittance parameters. It may
be possible to extend this technique to non-adjacent couplings by
carefully modifying the self admittance terms as each additional
coupling is added, but this has not been demonstrated.

In fact the key contribution of the GCM technique is that it de-
liberately avoids including the self admittance terms. In this way
the GCM correctly accounts for coupling only and is thus inde-
pendent of whether the strips are adjacent or non-adjacent. The
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meander line example in my paper used uncoupled single micro-
strip lines as the basic circuit with the GCM applied to model both
adjacent and non-adjacent couplings. An equally valid approach
would be to use the technique in [1] or [2] to model the basic cir-
cuit, which would include only adjacent couplings, and then use
the GCM to increase the accuracy of the model by including non-
adjacent couplings.

Finally, a statement has been made in [1], in the letter above and
in many other published articles that non-adjacent couplings are not
significant in enclosed microstrip circuits. I believe this position
was developed in the past when the analytical tools to model non-
adjacent couplings were not available, but it can no longer be sup-
ported today. The examples in my paper were designed to dem-
onstrate the importance of non-adjacent couplings and the behavior
of those circuits is essentially the same whether enclosed or unen-
closed. Additional evidence for the importance of non-adjacent
couplings in microstrip interdigital filters can be found in {3] and
examples of the effects of non-adjacent couplings in MMIC design
can be found in [4], [5]. :

The GCM can easily be applied on top of existing circuit de-
scriptions to discover where non-adjacent couplings may be sig-
nificant. A more accurate circuit description can then be developed
using the multiple coupled line model (MCPL) in [6] or one of the
new electromagnetic field solvers.
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