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Abstract—This letter introduces a new technique based on the
application of the genetic algorithm (GA) for extracting the equiv-
alent circuits—from measured or computedSSS-parameters—that
can be inserted into SPICE simulations. The GA is a robust
optimization tool that is shown to yield excellent results for
discontinuities in microstrip lines, for instance a right-angled
bend, and for microwave circuits, e.g., planar inductors and
parallel plate capacitors.

Index Terms—Genetic algorithms, microstrip components, mi-
crostrip discontinuities, SSS-parameters.

I. INTRODUCTION

T HIS LETTER is concerned with the problem of extracting
the equivalent circuit of a discontinuity, e.g., a bend or

a via in a microstrip line, or that of a microwave component,
for instance, a planar inductor or a parallel plate capacitor.
Typically, field solvers and measurement systems, such as net-
work analyzers, generate-parameter representations of these
discontinuities and components. However, circuit simulators,
e.g., SPICE, require conventional equivalent circuits with
lumped parameters that can be conveniently inserted into the
simulation program. In view of this, a technique for extracting
the equivalent circuit, as well as its component values, from
a given -parameter representation is highly desirable. The
objective of this paper is to present an optimization technique,
called the genetic algorithm (GA) [1]–[4], to address the above
problem.

The equivalent circuits of a right-angled bend, a planar
inductor, and a parallel plate capacitor are shown in Figs. 1,
3, and 5, respectively [5]–[7], together with their physical
configurations. In this work, the component values of the
above equivalent circuits are regarded as the parameters to
be optimized by the GA.

II. DERIVATION OF EQUIVALENT CIRCUITS

USING THE GA-CASE EXAMPLES

In this section we demonstrate the usefulness of the GA by
presenting three case examples mentioned in Section I.

Case Example 1:In the first example, we consider the
problem of a right-angled bend in a microstrip line, whose
geometry and the known equivalent circuit derived from
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Fig. 1. Right-angled bend in microstrip line and its equivalent circuit.

Fig. 2. Magnitude of the specifiedS11 andS22 and those derived from the
GA for a right-angled bend.

Gupta [5], is shown in Fig. 1. We demonstrate that the GA
can recover the correct equivalent circuit component values
of the discontinuity. We begin with a set of-parameters
that was calculated for the right-angled bend by a commer-
cially available software Ensemble, for the frequency range
of 1–10 GHz. The GA views the -parameter information as
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Fig. 3. Physical configuration of a parallel plate capacitor and its equivalent
circuit.

Fig. 4. Comparison of the specifiedjS11j and jS22j of the parallel plate
capacitor with those computed from the equivalent circuit selected by the GA.

the specifications and searches for the component values of
the equivalent circuit that meets these specifications. In the
optimization process, the GA starts from a large population
of randomly selected circuit component values and guides the
population toward better solutions through repetitive applica-
tions of reproduction, crossover, and mutation operators.

While applying the GA in the optimization process, each
of the component values of the circuit is specified by us-
ing 10 bits. The objective function which is minimized to
determine the circuit parameters, is chosen to be

(1)

where

total number of frequencies of interest;
specified -parameters of the right-angle bend;

-parameters calculated from the equivalent circuit
selected by the GA.

Though not shown here, the final component values of the
GA-optimized equivalent circuit were identical to the ones

Fig. 5. Physical configuration of a planar inductor and its equivalent circuit.

given in Fig. 1, up to four decimal points. As a consequence,
the -parameters computed for the GA-derived circuit du-
plicate the ones calculated by Ensemble almost exactly (see
Fig. 2).

Case Example 2:In the following we further illustrate the
application of the GA technique to the problem of deriving
the equivalent circuits of microwave components. The first
example we consider in this category is that of a parallel
plate capacitor whose physical configuration and equivalent
circuit (obtained from [6]) are shown in Fig. 3. The component
values of the circuit are listed in Table I. The set of specified

-parameter for the given circuit in Fig. 3 was computed via
EESOF. The component values chosen by the GA for the given
equivalent circuit of the parallel plate capacitor are also shown
in Table I. The -parameters of the circuit chosen by the GA
were identical to the ones computed by the EESOF up to three
decimal points. Fig. 4 plots the magnitude of the specified

and , and compares them with those computed from
the equivalent circuit whose component values were selected
by the GA. It is evident from the plot that the GA-derived
circuit yields excellent results for the -parameters of the
parallel plate capacitor. However, we also note that there
appears to be considerable differences between some of the
component values chosen by the GA and those used to derive
the specified -parameter. This implies that the-parameter
results are relatively insensitive to these component values
of the equivalent circuit, at least in the frequency range of
interest. We have verified this assertion by perturbing these
component values from those determined by the GA and have
found that the -parameters change relatively little.

Case Example 3:In this last example we consider the prob-
lem of determining the component values of the equivalent
circuit of a planar inductor from its -parameters. EESOF
was used to determine the specified-parameters of the
equivalent circuit. A fabricated inductor on the oxidized porous
silicon (OPS) and its equivalent circuit (obtained from [7]) are
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TABLE I
COMPARISON OF ORIGINAL AND GA-DERIVED COMPONENT VALUES FOR THE PARALLEL PLATE CAPACITOR SHOWN IN FIG. 3

TABLE II
COMPARISON OF ORIGINAL AND GA-DERIVED COMPONENT VALUES FOR THE PLANAR INDUCTOR SHOWN IN FIG. 5

Fig. 6. Comparison of the specifiedjS11j of the planar inductor with that
computed from the equivalent circuit selected by the GA.

depicted in Fig. 5. The component values used to determine
the specified -parameters and the component values selected
by the GA are shown in Table II. We note that once again that
some of the component values chosen by the GA are slightly
different from those used to compute the original-parameters
via EESOF. However, Fig. 6 clearly demonstrates that the two

results agree extremely well. Though not shown here, the
same is found to be true for other-parameters as well.

III. CONCLUSIONS

A new technique for extracting the equivalent circuit of a
microstrip discontinuity—from its computed or measured-
parameters—has been developed in this letter. The technique
is based on the use of the genetic algorithm, which is employed
to determine the components of the equivalent circuit via an
optimization procedure. Three examples have been presented
to validate the approach and to illustrate its versatility.
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