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Abstract - The finite PEC plate effect on Wireless Power 
Transfer (WPT) was investigated. The characteristic mode 
method was suggested to analyze the effect of the finite PEC 
plate. For electricaUy smaU size bodies, only a few 
characteristic modes are needed to characterize the 
electromagnetic behavior of the body. The theory is verified 
by a simulation with smaU loops and a smaU size PEC plate. 

lndex Terms -Wireless power transfer, Near-field 
coupling, Characteristic mode. 

I. INTRODUCTION 

WPT has application to various electronic equipment. In 
that case, the effect of a metal should be considered. The 
guidelines have been suggested regarding the accuracy of 
using image theory for electrostatic problems involving 
finite conducting structures [1]. Image theory is invalid for 
the sma11 size metal case. The characteristic mode (CM) 
method is we11 known for the ability to provide a series of 
fundamental modes for arbitrarily shaped conducting 
bodies, regardless of the feeding methods [2] . During the 
past years, the CM method is widely used in the synthesis 
and optimization ofvarious antennas and scatters [3]-[4] . 
The CMs are the linear superposition ofthe surface current 
components on a11 the bodies. Also, only a few CMs are 
needed to characterize the electromagnetic behavior of the 
electrica11y sma11 size body. In this paper, we investigate 
the effect offinite size PEC plate using CM method. 

II. CHARACTERISTIC MODE THEORY 

CMs can be obtained as the eigenfunctions of the 
fo11owing particular weighted eigenvalue equation: 

X(Jn) = ÅnR(Jn) 

where the μ are the eigenvalues, the Jn are the 
eigenvectors or characteristic modes. This impedance 
operator is obtained after formulating an integro
differential equation. The Jo must satisfy the usual 
orthogonality relationships which can be surnmarized as: 

(ι ， RJn )=(져 ，RJn ) = Omn (2) 

(Jm ,XJn) = (J: ，χ'n) = ÅnOmn (3) 

where Onm is the Kronecker delta. The CMs are of 
indeterminate amplitude. So each characteristic current 
can be normalized the radiating power. Due to the 
orthogonality properties, characteristic modes can be used 
as a basis set in which to expand the unknown total current, 
J, on the surface ofthe conducting body as: 

...., V' J =) 'n oJ n (4) 
'7" 1+ jλ'n (Jn ,RJn) 

V n' is ca11ed the modal excitation coefficient. It is defined 
as: 

끽 =(Jn페=햄Jn , E;ds (5) 

The effect of the PEC plate on WPTS can be expressed in 
matrix form as (6) using kirchhotI’s voltage law. ZTx and 
ZRx are impedance of the isolated transmitting and 
receiving antenna, respectively. φa_ß means the magnetic 
flux, which pass through a. antenna, occurred by ß current 
PECTx and PECRx is the current at the PEC plate induced 
by the transmitting and recelvmg antenna, respectively 
The current at the antennas set up a unit current. 
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The flux is represented as 

φ 。= r Bn.dS. = φ An.dl. (7) 
.... _ f' JSo; 1-' ‘ ιζ~ ‘ 

From the Z-matrix (6), the maximum power efficiency and 
the optimum load impedance can be find 
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Fig. 1. Small loop antenna with PEC plate (diameter = 0.1 λ， 
distance between antennas = 0.15 λ， PEC plate = 0.1 x 0.1 ')..."). 

III. EXAMPLE 

To verify the theory, we compare the power transfer 
efficiency of actual antennas. A small loop antenna is 
chosen as illustrated in Fig. 1. Material of loop antennas is 
copper and diameter of wire is 1 mm. We complement 
series capacitances to prevent a change of phase. Three 
capacitances of 2.2 pF are used. The impedance matrix 
were obtained by a simulation using FEKO, a 
commercially available software. From (l), CMs and 
eigenvalues ofthe PEC plate are obtained‘ Computation of 
CMs was done using 191 Rao-Wilton-Glisson (RWG) 
basis functions for expansion and testing. Eigenvalues of 
the three characteristic current mode are shown in T ABLE 

TABLE 1 
Eigenvalues of Six Characteristic Current 

Mode I Eig뼈val야 (ÌI. ) 

1 I -7.33 El 
2 

3 
-7.36 El 
1.93 E2 

Magnitude of Eigenvalues gives information about how 
well the associated mode radiates. [n contrast, reactive 
power is proportional to the magnitude of the eigenvalue 
The sign of the eigenvalue determines whether the mode 
contributes to storing magnetic energy or electric ener잃I 

Mode current 1 and 2 present capacitive nature due to its 
currents forming opened lines. On the other hand, mode 
current 3 depicts inductive nature due to its currents 
forming cIosed loops over the plate. 1n this simulation, 
antenna type is loop. So modal excitation coefficient of 
mode current 3 is maximized. We can easily expect that 
the mode c따rent 3 is dominant mode. When the height 
between PEC plate and transmitting antenna is c1oser, the 
coupling between the loop antennas is weaker. The results 
agree with the calculation results using characteristic 
modes. Fig. 2 shows the power transfer efficiency with 
PEC plate. We can predict the power transfer efficiency 
according to the height. When the height is c1oser, the 
power transfer efficiency is sma l1er. The results agree with 
the results of CM method using only 1 CM. 
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Fig. 2. Power transfer efficiency with PEC plate 

1V. CONCLUSION 

We investigated the effect of finite size PEC plate on 
WPT. To analyze the effect we use CM theory which is 
real1y helpful. First, The modified Z-matrix has been built 
as shown in (6). Then, the induced c따Tent on PEC plate is 
calculated using CM method. When PEC plate is small 
compared with antennas, image theory is invalid any more. 
But the scattering field at the PEC plate is easily analyzed 
using CM method which use only a few CM. Our method 
is simple compared with other analysis techniques. Final1y, 
the Theoretical results agreed with the simulation results. 
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