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ABSTRACT

The problem of a microstrip line of arbitrary cross-section

is solved by an integral equation technique in conjunction

with the method of moments. The approach is general and

can handle as special cases multiple strips and strips of

finite or infinitesimal thickness. It applies to both the fun-

dament al and higher-order modes, whether in the bound or

leaky regime. Computed dispersion curves and modal cur-

rent distributions are presented for several cases of interest

and, where possible, are compared with published data.

1. INTRODUCTION

Although open microstrip lines have been analyzed by both

spectral-domain [1,2] and space-domain [3,4] integral equa-

tion methods, these analyses are not easily extendable to

lines whose upper conductor is not an infinitesimally thin,

planar strip. The authors are only aware of two publi-

cat ions where more general cross-sect ions, namely rect an-

gular [5] and circular 16], are considered. There is also a

scarcity of results for higher-order modes in leaky regime [7].

In thk paper, we present a rigorous dispersion analysis of

open microstrip lines of arbitrary cross-sectional profile,

based on the mixed-potential electric field integral equa-

tion (MPIE) [8,9]. We prefer the MPIE to several other

possible forms of the electric field integral equation (EFIE),

because it only requires potential foTms of the Green’s func-

tions, which are less singular and converge faster than the

jiekr! foTms needed in other EFIEs. Another important ad-

vantage of the MPIE is its conformity with well-established

numerical solution technqiues, originally developed for ob-

jects in free space [10].

2. FORMULATION

Consider a transmission line formed by an infinite, perfect

conductor above a grounded dielectric slab, as illustrated

in Fig. 1. The cross-sectional profile L of the conductor

may be arbitrary, but—as indicated in Fig. l—the solution

t Thi5 material is based upon work supported by the Office of Naval
Research under Contract No. NOO01487-K-0688 and by the Texas Ad-
vanced Research Program under Contract No. 3492.

procedure requires that it be approximated by straight line

segments. Since the structure is of infinite extent and uni-

form along the g axis, we postulate that the associated

fields, as well as the current density J on the upper con-

ductor, vary with y as exp(–jkvy), where kv =, /3–ja is the

propagation constant. In the absence of external excitation,

the objective is to compute the propagation constants and

the associated currents for the fundamental lmode and for

first few higher-order modes that can be supported by the

structure of Fig. 1.

As was already mentioned, our approach is to, formulate an

MPIE and to solve it numerically by the method of mo-

ments [10]. We obtain the desired MPIE by specializing to

the present two-dimensional case one of the general MPIEs

developed recently by the authors [11]. The result is

where

ii x {jLJA(l) + (Vt - jjkV)@(l)} = O,

A(O =/&(1 11’).J(V) dl’
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Fig. 1. Cross-sectional view of a cylinder of arbi-

trary shape above a grounded slab.
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The expressions for the dyadic kernel & and the scalar

kernel K4 comprise improper integrals, which are evalu-

ated by numerical quadrature along suitably chosen paths

in the complex kc-plane, where kc is the Fourier domain

counterpart of z. These formulas are lengthy [12] and are

ommited here due to lack of space.

The solution of (1) proceeds in a standard way [10]. We

employ piecewise-constant (pulse) and piecewise-linear (tri-

angle) basis functions to represent, respecit vely, the long-

itudinal and transverse components of J. The same func-

tions are used to “test” the equations in longitudinal and

transverse directions. As a result, a homogeneous system of

simultaneous algebraic equations is obtained for the current

expansion coefficients. Thk system has nontrivial solutions

for those values of ku, which render its determinant vanish.

Hence, to obtain the propagation constants of the various

modes of the microst rip, a search is perfomed for the zeros

of the determinant in the complex ,&-plane. For each prop-

agation constant, the homogeneous system is solved for the

corresponding current distribution.
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Fig. 2. Dispersion curves for the first three higher

modes of an open, infinitesimally thin mi-

crostrip line. (a) Phase constants. (b)

Attenuation (leakage) constants.

As was already alluded to above, the correct choice of the

integration path with respect to the singularities in the

spectral kx-plane in evaluating the kernel elements is cru-

cial for the success of this procedure [13]. It turns out

that different paths must be selected for the bound regime

(where the mode propagates unattenuated) and for the two

leaky regimes (where the mode is attenuated due to loss

of energy into the environment) [7,14]. It has been con-

jectured [15] that this is a possible reason why previous

attempts to compute leaky microstrip modes by integral

equation techniques have not been successful.

3. NUMERICAL RESULTS

In Fig. 2, we present sample dispersion characteristics of

the first three higher modes in their leaky regime for a mi-

crostrip line previously analyzed by Oliner [7] using an el-

egant, but approximate, asymptotic approach [16]. The
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Dispersion curves for the fundamental

mode and the first three higher modes

of an open, infinitesimally thin microstrip

line. (a) Phase constants. (b) Attenua-

tion (leakage) constants.
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rigorous and asymptotic results are seen to agree quite well

for the EHI mode; the agreement is somewhat less favor-

able for the higher-order modes. In Fig. 3, we present the

dispersion curves for the fundamental and the first three

higher modes in both bound and leaky regimes for a mi-

crostrip line with a higher dielectric constant.

In Fig. 5, we present the fundamental mode dispersion

curves of microstrip lines of infinitesimal thickness and for

transmission lines of rectangular and trapezoidal profiles

(Fig. 4). For the latter, we show sample current distribu-

tions at ~ = 6 GHz in Fig. 6.

In Fig. 7, we present the fundamental mode effective dielec-

tric constant, defined as Cef~ = (@/kO)2, for a circular-wire

transmission line. In thk figure, Fach6 and De Zutter’s re-

sults [6] are also plotted for comparison.

4. CONCLUSIONS

For the first time, a rigorous solution has been presented

of a microstrip transmission line of arbitrary cross-section.

Dispersion curves and current distributions have been com-

puted for transmission lines of various shapes and, where

possible, compared with available data.
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Fig. 4. Cross-sectional view of a microstrip line

of finite thickness. (a) Rectangular strip.

(b) Trapezoidal strip.
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Fig. 5. Fundamental mode dispersion cuves for

microstrip lines of infinitesimal thickness

and for microstrip lines of rectangular and

trapezoidal cross-sections.
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for a circular-wire transmission line.
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