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1. Introduction
Wireless power transmission is of interest again because of its potential application to charge laptops, cell-

phones, household robots, MP3 players and other portable equipments without cords [1] [2]. A team from MIT
has experimentally demonstrated efficient evanescent resonant coupling power transmission by using two strongly
coupled helical coils [1]. Comparing with the magnetic induction method [3], the evanescent resonant coupling
method can transmit the energy for longer distance. Comparing with the radiation mode method which was pro-
posed by Nicoka Tesla, the evanescent resonant coupling method is more efficient without wasting a vast majority
energy due to omni-directional antennas. Directive radiation modes, using lasers or highly directional antennas,
can be efficiently used for energy transmission,even for long distances, but require existence of uninterruptible
line-of-sight and a complicated tracking system in the case of mobile objects.

In [4], the resonance width and the coupling coefficient, which are based on the coupled-mode theory and
calculated by FDTD method, are used for investigating the power transmission efficiency of two dielectric disks
and two capacitive loaded conducting-wire loops resonant coupling, showing the applicability of the transmission
systems even in the presence of extraneous environmental objects, but the analysis results are difficult to be used
to fine-tune the resonant frequency efficiently in order to obtain the optimum transmission efficiency.

In this paper, like antenna transmitting and receiving system in radiation mode, the power transmission effi-
ciency is directly defined as the ratio of the receiving power at the receiving element and the input power at the
source element and calculated by the full wave solver. A more practical wireless transmission system consisting
of a larger rectangular wire loop and a small square wire loop with a parasitic square helical coil is proposed. The
larger rectangular wire loop is used as the source element which can be built-in the office room wall, while the
small rectangular wire loop with a parasitic helical coil is used as receiving element which can be built-in a mobile
personal computer. The MoM is selected as the full wave solver in our analysis. Along with the transmission
efficiency, the input impedance of transmitting element and receiving element are also investigated to seek a tech-
nique to tune the resonance frequency, further to obtain the optimum transmission efficiency. The effects of the
relative position of the receiving element and source element, the number more than one receiving element and the
non-resonant object such as human body will also be investigated in this paper.

2. Wireless Power transmission System
A schematic model of wireless power transmission system is proposed as shown in Fig.1. Rectangular loop

S with the side length ofsa andsb is linked to the driving circuit.sa andsb are set to be 6m and 2m, respectively.
The size of the LoopS can be adjusted to meet the size of the office room where the wireless power transmission
system is applied. A square loopD with side length ofDa is attached to a load, usually built-in a mobile receiving
terminal to charge the mobile receiving terminal. Here,Da is set to be 0.3m, which can be built in a mobile personal
computer. Also, the size of receiving element can be adjustable to compromise with the practical mobile terminal
size. The resonant frequency tuning and matching circuit for the receiving element is realized by using a parasitic
square helicalC. The side length , the pitch and the turn number of the helicalC are set to be 0.3m, 0.02m, 5,
respectively. The radius of the cross section for all wires including loopS, loopD and helicalC is set to be 2mm.

3. Power transmission Efficiency
The power transmission efficiency for a wireless power transmission system is a critical parameter, which is

directly defined in this paper by
η = PD/PS, (1)

wherePS andPD are the driving power of loopS at excitation port and receiving power at the load port of loop
D, respectively. Both two powers are calculated by using full wave solver FEKO which is based on the MoM. In
MoM process, the driving power at transmitting element can be obtained by the current at the excitation port if the
excitation voltage at the feed point is supposed to be 1V, that is
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Figure 1:A schematic model of wireless power transmission system
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Figure 2: Power transmission effi-
ciency as a function of frequency
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Figure 3:Input impedance of loopS
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Figure 4: Input impedance of loopD with parasitic he-
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PS = <{I f eed}/2. (2)

whereI f eed represents the current at the excitation port.
On the other hand, the receiving power is calculated by the current at the load port by

PD = | I load |2Rload/2 (3)

whereRload represents the resistance of the receiving load, andI load is the current at the load port. Because the
circumference of receiving loopD at 19.75MHz is less than 0.1 wavelength, much smaller than one wavelength,
the input impedance at the load segment of receiving antenna is very small. In order to obtain the higher receiving
power, theRload should be selected a suitable one.

The power transmission efficiency versus frequency when the center of the receiving loopD is placed at the
position of (x = 0, y = 0, z = 0.5m) is shown in Fig.2. The maximum transmission efficiency is achieved at
spot frequency of 19.75MHz which is nothing but so-called resonant frequency. Fig.3 and Fig.4 show the input
impedance as a function of frequency for loopS and loopD with parasitic helicalC , respectively. It can be
observed that both source loopS and device loopD get resonant nearly at the frequency of 19.75MHz when the
reactance achieves zero, further confirming that the efficient power transmission is realized when the transmitting
element and receiving element get resonant.

4. Effects of position and number of receiving element
In a practical application, the receiving element is movable and more than one receiving element maybe in-

cluded. Assume a receiving element is movable onxy-plane ofz=0.5m, corresponding to the situation when the
receiving element is buried into a mobile personal computer which is used on a desk anywhere in a office room.
The power transmission efficiency at the resonant frequency versus the receiving element position is shown in Fig.
5, demonstrating much higher transmission efficiency can be achieved in the area of (| x |<=1m, | y | <=1m). The
resonant frequency versus receiving element position is also plotted in Fig. 6. Although, the power transmission
efficiency changed greatly when the relative distance between the source element and the receiving element is
changed, the resonant frequency almost keeps to 19.75MHz except the position of (x=-1m,y=-1m,z=0.5m) res-
onating at 19.5MHz.
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Figure 5:Power transmission efficiency versus receiving
position
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Figure 6:Resonant frequency versus receiving position

The power transmission efficiencies and the resonant frequencies for two receiving elements in the proposed
wireless power transmission system are shown in Fig.7 - Fig.10, respectively, where user A stands in the position
of (0,0,0.5m), while user B moves alongxy-plane ofz=0.5m. The results demonstrate that the power transmission
efficiency and the resonant frequency of each receiving element are not affected significantly by the existence of
the other user unless the relative distance between two receiving users is less than 0.5m. This suggests that two
users should be keep a distance more than 0.5m if they want to charge their electrical devices efficiently at the same
time from the proposed wireless charge system.

5. Effect of human body
Usually, a mobile device is used near to a non resonant object such as a human body, it is expected that the

resonant frequency and the power transmission efficiency will not be influenced seriously by the existence of a
human body, and on the other hand the human body also will not absorb the energy of the evanescent field of the
wireless power as less as possible. For the simplicity, the human body is approximated to a rectangular dielectric
box of dimensions 0.5m× 0.5m× 1.5m and permittivityεr = 49− 16i(human muscles). The power transmission
efficiency when the receiving element at the position of (0,0,0.5m) with a human body whose center is located
at (0.65m,0,0.75m) is compared with that without a human body in Fig.11. It can be observed that the resonant
frequency of receiving element is not affected at all even a human body is so close to the receiving element.
However, the power transmission efficiency is decreased from 60 percent to 20 percent due to the existence of a
human body. The volume average SAR for human body and the driving power in the loopS are shown in Fig.12 ,
demonstrating the volume average SAR achieves maximum value of 7.42e-6 [W/kg] at the resonant frequency of
19.75MHz, that is the reason why the power transmission efficiency is decreased. The driving power of transmitting
element is 0.01[W] at the resonant frequency. Because the human body near to a receiving element absorbs the
electromagnetic energy greatly, the driving power of transmitting element should be designed carefully to meet the
safety levels with respect to human exposure to RF electromagnetic fields in the proposed wireless power system.

6. Conclusions
A more practical wireless transmission system consisting of a larger rectangular wire loop and a small square

wire loop with a parasitic square helical coil has been proposed for efficient evanescent resonant coupling wireless
power transmission system in a office room. The power transmission efficiency has been directly defined as the ratio
of the receiving power at the receiving element and the input power at the source element and further calculated by
the full wave solver. It has been found that the resonant frequency of the system can be tuned from investigating
the input impedance of transmitting element and receiving element as an antenna design usually carries out. The
simulation results have shown that the power transmission efficiency and the resonant frequency are affected by
the relative distance of the transmitting element between the receiving element, suggesting the receiving element
should be placed in the central area of (| x |<=1m, | y | <=1m) to obtain higher transmission efficiency. The results
also have shown that two users should be separated for a distance more than 0.5m in order to obtain higher power
transmission efficiency and stable resonant frequency. Although the resonant frequency of the proposed system is
not affected by a nearby human body, the power transmission efficiency is decreased together with higher volume
average SAR of human body. How to alleviate the mutual couping between human body and receiving element
will be our next research target.
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Figure 7:Power transmission efficiency of user A
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Figure 8:Resonant frequency of user A

Po
we

r T
ra

ns
fe

r E
ffi

cie
nc

y[
%

]  y=-1m
 y=-0.5m
 y=0
 y=0.5m
 y=1m

x [m]
-1.5 -1 -0.5 0 0.5 1 1.5
0

50

100

Figure 9:Power transmission efficiency of user B
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Figure 10:Resonant frequency of user B
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Figure 11:Power transmission efficiency with a human
body
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Figure 12:Volume average SAR


