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In this paper we focus on a real-life application of 
Evolutionary Algorithms (EA) to the design of Radio 
and Microwave Frequency (RF& M) circuits. The 
task is to find a shape of a circuit that meets certain 
electrical and technological requirements. Additionally, 
manufacturing cost should also influence the evaluation 
of the design. Several methods, those based on the 
circuit theory as well as on numerical optimization, work 
quite effectively for many typical applications. However, 
with complicated tasks improved hybrid algorithms are 
needed that combine better topology search (for shape 
finding) with continuous parameter optimization. In this 
contribution, we overview Evolutionary Algorithms that 
have been used for the task, and propose a new approach. 
These approaches differ in encoding method and genetic 
operators. We provide experimental verification of the 
proposed approach, and discuss several example designs 
yielded by the method. 

Introduction 

In this paper we focus on the Computer Aided 
Design (CAD) of a class of Radio Frequency 
and Microwave (RF& M) Circuits, called 
Impedance Transformers (IT) [1,2]. ITs con­
stitute a class of so called two-port (with single 
input and single output) electronic circuits ded­
icated to match the source device to the load. In 
general, a source is assumed to be an AC voltage 
generator or any other power source; and as a 
load, any passive circuit can be considered (e.g . 
a transmitter antenna, a resistor, and a heating 
cavity). In many applications ITs not only act 
as a matching device but as a filter as well. 

Most often, ITs are produced in a planar tech­
nology as a strip of metal smTounded by air 
or dielectric media. One or many metal plates 

shield the whole device. There are several dif­
ferent planar technologies that are used to im­
plement ITs: strip line, microstrip line, sus­
pended strip line, slot line, etc. (for more in­
formation see [ 1]). Example of a planar circuit, 
realized in microstrip technology is presented in 
Fig. 1. On a lamina plate, called substrate, the 
IT is manufactured as a certain patch of metal­
lization. 

The shape of the patch and its dimensions are 
determined by the electrical specifications of 
the device. Several analysis methods have been 
developed so far to evaluate frequency char­
acteristics of planar circuits . The first class 
of methods, based on circuit theory (CT) [2], 
is used in almost all state-of-the-art CAD pro­
grams [3]. In CT the circuit is decomposed into 
distributed (transmission lines etc. ) and lumped 
(resistors, inductors, capacitors etc.) elements 
from the components library. Then, overall 
characteristics are computed from elements and 
connections matrices. This simplified model 
is numerically very efficient and quite accu­
rate. However, discontinuities in a carelessly 
designed, sharply shaped circuit may produce 
unwanted/ringing.field effects (FFE) [4], which 
are hard to analyze and compensate. More accu­
rate circuit analysis requires the application of 
methods based on the field theory. Many engi­
neers have been using Finite-Difference Time­
Domain (FDTD) or Spectral Domain (SD) pro­
grams, like [ 5] for arbitrarily shaped circuit sim­
ulation. Although FDTD simulators have been 
recognized as a reliable and accurate tool for 
circuit analysis, they are very time and mem­
ory consuming. A single analysis usually takes 
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