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This paper presents topology optimization of self-complementary antennas (SCA) for microwave energy harvesters for wireless
sensors. The antenna shapes are optimized to maximize isotropic gain and reduce return loss in a given frequency band using the
micro genetic algorithm and FDTD computation. For the topology optimization, we employ the normalized Gaussian network. The
self-complementary antenna is realized by taking its spatial symmetries into account. It is shown that the actual gain of the optimized

SCA is more than 5dBi from 2.0GHz to 3.0GHz.
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I. INTRODUCTION

ENERGY harvesting devices harvest power from ambient
mechanical vibration, electromagnetic waves, wind and so
on to drive low-power sensors and circuits [1-3]. This
technology is especially useful for battery-less sensors used
for monitoring health and safety condition of constructions
and natural environments. The microwave energy harvester
transforms the ambient microwave energy to DC power which
is supplied to sensor systems. The microwave energy-
harvesting device is composed of a receiving antenna and
rectifier which converts the microwaves into DC power. For
the efficient power absorption, broadband and high-gain
antennas are required. For this purpose, the authors have
developed the optimized spiral antenna as well as planar
antenna whose shape is optimized by topology optimization
[4]. The self-complementary antenna (SCA) [5], which has
congruent metal and slot shapes, would be suitable for
microwave energy harvesters due to its wide frequency ranges.
However, there have been few works where the shape of self-
complementary antennas is optimized to realize wideband
operations.

In this paper, we present the topology optimization of SCA
based on the micro genetic algorithm (uGA) [6] to realize
high-gain and wideband antennas for energy harvesters. The
return loss is minimized and simultaneously the isotropic gain
is maximized in a specified frequency band. The antenna
properties are analyzed using FDTD method [7]. We perform
topology optimization of SCA using the normalized Gaussian
network (NGnet) [8] in which the antenna shape is expressed
in terms of the linear combination of normalized Gaussian
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Fig. 1. Gaussians, normalized Gaussians, and output of NGnet.

functions. We do not need design parameters to represent the
shapes for this topology optimization. The self-complementary
topology is realized by taking spatial symmetries into account.
We will compare the optimized SCA with other antennas from
various points of view.

Il. OPTIMIZATION OF SELF-COMPLEMENTARY ANTENNA

For the topology optimization of SCA, we employ the
NGnet [8] in which the output is computed from the
normalized Gaussian functions as follows:
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where Gy(x) and w; denote the Gaussian function and
weighting coefficient, respectively (see Fig.1). To express the
SCA shapes, 81 Gaussians are uniformly located as shown in
Fig. 2. The standard deviation in the Gaussian is set to 50/16
mm, while the size of the FDTD cells is set to 1mm. The
antenna is modeled as a perfect conductor in the FDTD
computation. The material state s, of each FDTD-cell surface
is determined from the output of the NGnet at its center X, as
follows:
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Fig. 2. Gaussians distributed in unit region
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The antenna shape in the unit region, symbolized by “F” in
Fig.3, is determined by optimizing the weighting coefficients
w; in (1) using pGA. The SCA shape is modeled by
introducing point symmetry around the feeding point as shown
in Fig. 3. The region symbolized with “F™” represents the
complementary domain to F; the metallic region in F is
converted to air, and vice versa.
100mm

/l nit region

/ Design region

[~~~ Feeding point

kR, |E

J/

I

Fig. 3. Modeling of the self-complementary antenna

I11. OPTIMIZATION PROBLEM
The antenna shape is optimized to maximize the isotropic
gain Gjs, of SCA in consideration of mismatch losses between
the antenna and Z, transmission line over the frequency band
from f, to f; using nGA [6]. For this purpose, we introduce the
actual gain Ggua to define the optimization problem as
follows:
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where Z;(f ) is the input impedance of the antenna. In
optimization, fy, f; and Z, are set to 2.0GHz, 3.0GHz and 500,
respectively. In the analysis, the antenna is assumed to be on a
dielectric sheet of 2mm thick and ¢ = 4. The feeding point is
located at the center of the design region. For comparison, the
parameter optimization of planar spiral antenna (PSA) [4],
which has a point-symmetrical shape, is carried out under (4).

In uGA, the number of individuals is set to 8 and the
optimization processes are continued for 200 generations. In
this setting it takes about 7 days to obtain the final results
using the Intel Xeon CPU (2.4GHz, 8cores).

IV. OPTIMIZATION RESULTS

The optimized SCA shape is shown in Fig.4 and its return
losses, actual and isotropic gains are shown in Figs. 5 and 6,
respectively. From Fig. 5, it is found that the return losses of
both antennas are less than -10dB over the target frequency
range. On the other hand, we find in Fig.6 that the actual gain
of SCA is higher than that of PSA and the former is more than
5dBi over the target frequency range. In the full paper, we will
report the experimental results for the manufactured
microwave energy harvester equipped with SCA and PSA to
discuss their performance for real uses.
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