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ABSTRACT

We propose a novel resonator that can reduce magnetic field leakage using a ferrite plate. The proposed resonator con-
sists of a rectangular loop, a ferrite plate, and an L-matching network. The ferrite plate is used as an H-field reflector to
direct more H-field to each resonator, and the L-matching network is employed to match the 50 Q of the feed cable at
13.56 MHz. Two identical resonators with dimensions of 30 cm x 15 cm are separated by 50 cm, and the resulting
transmission efficiency is about —12.3 dB at 13.56 MHz. This is about 4.2 dB higher than the resonators without the

ferrite plate.
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1. Introduction

Recently, there has been increasing interest in wireless
power transmission for supplying electric power to vari-
ous electrical appliances without the use of cables. In
general, there are two different types of power transmis-
sion technology. One is the electromagnetic radiation
method, which has the advantage of long range power
transmission [1,2], but the available power is typically
limited to a few milliwatts due to the EIRP and ERP
regulations [3]. The other method, induction coupling,
can deliver more electrical power to the receiving de-
vices and thus is more suitable for use with home elec-
tronic devices that usually require more than a few watts
[4,5]. The induction coupling method, however, exhibits
high transmission loss when the distance between the
transmitter and receiver increases. This power loss is
predominantly caused by magnetic field leakage between
the transmitting and receiving resonators. Thus, to in-
crease transmission efficiency, the resonators should be
designed to minimize the leakage of the magnetic field.
In this paper, we propose a novel resonator that can
reduce the occurrence of magnetic field leakage using a
ferrite plate (4 =2000,tan 6/ =15x10° (@ 0.1 MHz),
p>10* Q-cm ) in the vicinity of a conducting rectangu-
lar loop. Ferrite cores or plates are often used to guide
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magnetic fields as H-field directors, but we use this fer-
rite plate as an H-field reflector to guide more H-field to
each resonator in order to reduce H-field leakage. The
position and the size of the ferrite plate are optimized
using a genetic algorithm to push more H-field toward
the opposite resonator and to improve power transmis-
sion efficiency. The size of the resonator is limited to
30 cmx15 cmx3 cm . To match with the 50 Q character-
istic impedance of the feed cable at 13.56 MHz, an
L-matching network using lumped LC elements is em-
ployed between the feed cable and the rectangular loop.
The optimized resonators with the ferrite plates are built
on a 200 cmx200 cm ground plate, and the transmis-
sion characteristics are measured using a network ana-
lyzer when the distance between the transmitter and the
receiver is fixed at 50 cm. The measured results show the
transmission efficiency of 6.25%, which is 4.2 dB higher
than that of the resonators without ferrite plates.

2. Resonator Structure and Optimization

The objective of this research is to increase the power
transmission efficiency of the resonator that operates at
13.56 MHz. Figure 1 shows the basic geometry of the
proposed resonator, which consists of a rectangular loop,
a ferrite plate, and a matching network. Two identical
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Figure 1. Geometry of the proposed loop resonator with the
ferrite plate.

resonators with dimensions of 30 cmx15cmx3cm are
separated by 50 cmona 200 cmx200 cm ground plate,
as shown in Figure 1(a). The ferrite plate that has a sur-
face area of W, xW, with a thickness (W) of 6.7 mm
is located behind the rectangular loop by d,. When the
ferrite plate is placed in the near field region with an ap-
propriate distance (d2 < /‘L) , it can operate as an H-field
reflector. This consequently enhances the H-field in a
bore-sight direction and results in improved transmission

Copyright © 2013 SciRes.

efficiency for the resonator. An additional small loop
(I, x1,) with lumped elements of L, and C are added in
the rectangular loop (W xW,) to build an L-matching
network as shown in Figure 1(b) to reduce the length of
the loop and improve the matching characteristics.

To further increase the proposed resonator’s transmis-
sion efficiency, the detailed design parameters, such as
the size of the loops (1,,1,,1; and 1, ), the size of the fer-
rite plate (w,w, and w, ), locations (d, andd,), and
lumped element values (C, and L1) , were optimized using
a genetic algorithm in conjunction with a fullwave elec-
tromagnetic simulator (FEKO Suite 5.5) [6,7]. In the
genetic algorithm (GA) process, crossover and mutation
are applied to create the next generation, each of which
consists of 40 populations. A fitness function is used to
evaluate each population to improve the matching char-
acteristics and increase the transmitted power at 13.56
MHz, as defined in Equation (1).

Fitness:(1—|$1|2)~|321|2 (1)

The optimized design parameters of the resonator are
listed in Table 1, and the performance of the optimized
design is discussed in the next section.

Table 1. Dimensions of the optimized resonator.

Parameter Iy I, I3 I C L,
Size (mm) 25 25 300 150 168 pF  110nH
Parameter W, W, Ws3 D d, d,
Size (mm) 200 200 6.7 500 221 21

3. Measurement and Analysis
3.1. M easurement

Figure 2 shows the reflection coefficient and transmis-
sion efficiency of the optimized resonator. The power
transmission efficiency was defined as the ratio of the
transmitted power to the input power between two iden-
tical resonators. The measurement was conducted using
an Agilent 8753D network analyzer in a semi-anechoic
chamber. The results show a reflection coefficient of
—16.8 dB and a power transmission efficiency of —12.3
dB at 13.56 MHz, which agree well with the simulation.
We also examine the variation of the transmission effi-
ciency by changing the distance D as shown in Figure 3,
and the results show the power transmission efficiency of
—9.7 dB and —29.9 dB at D = 30 cm and D = 100 cm,
respectively. Figure 4 shows comparisons of the power
transmission efficiency with the various plate materials.
Styrofoam (¢, =1), FR4 (&, = 4.3,tan5 =0.016), copper
(o- = 5.8><107), perfect magnetic conductor (PMC), and
prefect electric conductor (PEC) are used as plate materials,
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Figured. Transmission efficiency according to plate materi-
als.

and their power transmission efficiencies are —16.5 dB,
—16.3 dB, —21.8 dB, —12.7 dB, and —21 dB, respectively.
The results demonstrate that the power transmission effi-
ciency can be improved more through the use of ferrite
materials than other materials.

3.2. Analysis

To analyze how ferrites with high permeability improve
the power transmission efficiency, we observe H-field
distributions when currents flow through a wire placed
along the z-axis. Figures 5(a)-(c) show the results in the
presence of a PEC plate, a PMC plate, and a ferrite plate
(thickness = 6.7 mm), respectively. As can be seen, only
the tangential component of the H-field remains near the
surface of the PEC plate. On the other hand, only the
normal component exists in proximity to the PMC plate.
Similar H-field distributions are observed in the case of
the ferrite plate, which means that the normal component
is dominant near the surface, as in the PMC plate [8].

To further examine how the optimized design achieves
higher transmission efficiency with the ferrite, the H-
field strength is observed at three points while varying
the ferrite position d, as illustrated in Figure 6. The
three observation points are given as B (20,325,150),
P,(-20,325,150) and P (-28.7,325,150), and the co-
ordinate origin is the feed point of the transmitting reso-
nator. As expected, the H-field strengths at P, and P, are
maximized when the ferrite plate is located at its opti-
mized position of d, =221. The resulting H-field
strength at P, is about 17.3 dB higher than that at P,
which explains the improvement of the power transmis-
sion efficiency of the proposed resonator.
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Figure 6. Variation of H-field strength according to ferrite
plate positions.

4. Conclusion

We proposed a novel resonator to improve power trans-
mission efficiency using a ferrite plate. The proposed
resonator was composed of a rectangular loop, a ferrite
plate, and a matching network. An additional small loop
with lumped elements was added as an L-matching net-
work in the rectangular loop to improve the matching
characteristics. The H-field distributions were controlled
by varying the size and the location of the ferrite plate,
and then detailed parameters were optimized using a GA
in conjunction with the FEKO EM simulator. To verify
the suitability of the proposed resonator, the power
transmission efficiency was measured in a semi-anechoic
chamber, and its results were further compared with
various materials for the plate. The results proved that
the proposed resonator was capable of improving power
transmission efficiency through the use of the ferrite
plate and may be applied to wireless power transfer ap-
plications.
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