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Low-Leakage Wireless Power Transmission for Surface Sensor Networks

Akihito Noda* and Hiroyuki Shinoda*

This paper proposes a strategy to transmit electromagnetic power selectively to a load device in a two-
dimensional wireless power transmission system that uses a two-dimensional waveguide sheet and a receiver
coupler. Microwaves fed into and traveling along the sheet can be absorbed by general objects put on the
sheet. For safe wireless power transmission, both increasing the power extraction by receiver coupler and de-
creasing unexpected power absorption by extraneous objects are needed. In this paper we demonstrate that
such a selective power transmission can be achieved by using a sheet that has a thick surface insulator layer
and a receiver coupler that is enclosed with multiple-choke structure. The measured output of the produced
coupler achieves 40% to the theoretical output limit. The computer simulations indicate that unexpected

radiation by a conductor plate put on the sheet can be reduced to less than 2% of the power propagating in

the sheet even in the worst case.

o0o000000000000000000000000000000EBGMOOOO0O00OO

Keywords: Two-dimensional communication, wireless power transmission, electromagnetic bandgap (EBG), resonant

cavity coupler
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(@) surface insulator layer

/ Mesh conductor\
/f / «— Waveguide dielectric layer /‘/

Ground plane
(b) Mesh conductor
h
SUOIMINNF22 22 NN Surface insulstor layer [\
Waveguide dielectric layer

\Ground plane

Electromagnetic wave
propagation

Fig.1. A 2DC sheet consists of four layers: a
ground conductor plane, a waveguide dielectric
layer, a mesh conductor layer, and a surface insula-
tor layer. (a) Photographs and (b) a cross section
model of the sheet.
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Fig.2. A circuit model where a finite power source
and a load are connected through a lossy resonant
circuit.
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(b)

Conductor plane

(a)
z
y%)_px / Mesh conductor  Upper-side mode
/W\-’

Lower-side mode

Fig.3. Cross section model of a 2D waveguide
sheet entirely covered with a conductor plane. Elec-
tromagnetic waves propagating in the structure are
expanded into two waveguide modes that are re-
ferred to as (a) lower-side mode and (b) upper-side
mode.

z
Yé_yx

Radiation Reflection

Finite sized conductor plane
Upper-side mode
Reflection Radiation

Fig.4. A part of the upper-side mode wave is re-
flected at the ends of a finite sized conductor plane
and the other is radiated. Therefore the finite
region of the insulator layer under the conductor
plane works as a lossy resonator.

Output  Choke
Coax

Conductor plate

EM wave \
High-Q Resonant cavity

Significant power extraction

Fig. 5.
coupler placed on the sheet. The choke structures
suppress the EM radiation from the ends of the cou-
pler and increases the unloaded @ of the coupler.
Therefore the coupler can extract sufficient power

Cross section model of a choke-enclosed

from the sheet.
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(@) Port 2
Conductor plate

R

Port 3

(b) Coaxial line
Choke Port 2

Conductor plate

(cavity wall)
v'%zoc sheet

Port 1
Insulator layer

Waveguide layer

Fig. 6.
Unexpected power extraction is evaluated with this
model. The simulations are performed with vari-
ous plate length D. (b) A choke-enclosed coupler.
The coupler dimensions are determined so that the
resonance and radiation suppression effect appear
simultaneously near 2.5 GHz. The models have nar-
row width for y-axis. The £y boundary conditions
are magnetic wall. Thus the model simulates that
the quasi-plane wave propagates along z-axis in the
infinitely periodic sheet structure with respect to y-
axis.

(a) A conductor plate is put on the sheet.
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Table 1. Sheet design parameters

Symbol‘ Value ‘Description

€1 2.2 Relative permittivity of waveguide
layer

g2 1.0 Relative permittivity of surface insu-
lator layer

hi 1.0 mm | Thickness of waveguide layer

ho 4.0 mm | Thickness of surface insulator layer

p 4.0 mm | Mesh conductor pitch

w 1.0 mm | Mesh conductor line width

0.030

0.025
0.020
0.015
0.010 |

0.005 pees

Radiated power ratio [a.u.]

0.000 L L L
2.0 2.2 2.4 2.6 2.8 3.0

Frequency [GHz]

Fig.7. Radiation power caused by the conductor
plates that have lengths of D = L,2L,...,7TL(L =
52.5 mm). All of them have a peak near 2.5 GHz.
The peak value is nearly equal to or less than 2%.
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(a) (b)

SMA connector

Fiberglass/PTFE board

\/I

Fig.8. (a) Top view, (b) bottom view, and (c) per-
spective view of the produced coupler. (d) The
cross section of the multiple-choke. The choke is
made of aluminum.
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A
4+

Resonant cavity

Fig.9. (a) The base and the sides of the rectan-
gular correspond to the cavity resonator and the
chokes (where their thicknesses are ignored). (b)
The development of the rectangular. The same di-
rection components of the wavenumber in each pair
of adjoining face have to be equal to each other.
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(a) Coupler

Port 1 48 Port 2
Sheet

25 ————
20 +
15 + g
10 + E
5| 1 i

0 . L L
-50-40-30-20-10 0 10 20 30 40 -30-20-10 O 10 20 30
A Position x [mm]

Magnetic field [A/m]

Position y [mm]

Fig.10. (a) Top view of the three-dimensional sim-
ulation model. Simulated magnetic field distribu-
tion (b) along z-axis and (c) along y-axis at the
center of the insulator layer thickness, where the
EM power is fed from port 3 into the coupler. Ef-
fective cavity dimension is approximately 60 x 30
mm. The magnetic field distribution shows the fun-
damental mode TMipo. The magnetic field inten-
sity is extinguished at |z| > 30 mm and at |y| > 20
mm. Thus, the multiple-choke structure suppresses
the radiation from the coupler ends.

Coupler

Fixture
simulator

i2.5 pF

Fixture simulatorT 2DC sheet Port2

{2.3nHY!
— 1 P'Ort3 y Terminated
6 6 J_ 16.5 nH .
éy.o oF 2
Network i ;
analyzer | ‘oo :

Fig.11. Schematic diagram of the experiment
setup. The fixture simulator is used for impedance
matching so that S11 and Ss3 are negligible.
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Fig. 12. Measurement result of the produced sheet
and coupler. The maximum coupler output is 0.19
at 2.57 GHz. |S13)* and |Ss1|? are nearly equal to
each other due to the reciprocity and their curves
overlap. By tuning the fixture simulator parame-
ters of network analyzer, Si1 and S33 are signifi-
cantly decreased at the peak output frequency.
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