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Application of Evolvable Hardware Technique for a Microwave Circuit

Yuut Kasar,t HIDENORI SAKANASHI,? KIICHI TAKAHASHI,
MASAHIRO MURAKAWAT and TETSUYA HIGUCHI!

Microwave circuits are indispensable for mobile and multi-media communication. However,
these circuits are very difficult to design, because of the nature of distributed-constant cir-
cuits in the microwave range (i.e., over 1 GHz). These circuits are also difficult to adjust for
optimum performance, even for experienced engineers. In order to overcome these problems,
we propose an EHW-based microwave circuit where performance adjustment is carried out
automatically by a GA. This circuit eliminates those problems. In this paper, we present
an EHW-based image-rejection mixer circuit, which we have developed with this approach,
and experimental data (69.7dB) that demonstrates that the automatically adjusting circuit
is capable of outperforming a circuit adjusted by an experienced engineer (55dB).
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Fig.1 Relation between image signal frequency fm, de-
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fLO’ and intermediate frequency fIF'
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Fig.2 Block diagram of the EHW-based image-rejection

mixer.
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Fig.3 Circuit diagram of the EHW-based image-rejection mixer.
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Fig.4 Schematic representation of the adjustable phase-
shifter/combiner in the image-rejection mixer.
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Fig.5 (a) Actual circuit for the adjustable capacitors C1 and C2, (b) Actual
circuit for the adjustable resistors R1 and R2.
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Fig.6 Block diagram of the setup for evolving the image-

rejection mixer.
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Table 1 Results of adjustment comparison experiment

by adjustment method.
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Table 2 Experimental results for the THC.
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Fig.7 Averaged image rejection ratio curve for the GA
evolutions. The upper curve and the lower curve
are the measured image rejection ratio at the cen-

ter and at the edge of the IF band respectively.
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Fig.8 Characteristics of the image rejection ratio as a

function of intermediate frequency.
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