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This paper presents the design of a radio frequency (RF) coil with two turns for 
wireless power transmission (WPT) application. The coil is made up of copper 
material and excited by independent voltage source. Using finite element method of 
analysis, with the help of COMSOL software, electrical and magnetic transmission 
behaviour of the coil is analysed. The frequency is swept around resonating frequency 
to determine the quality factor (Q) of the RF coil. The quality factor and magnetic 
coupling determines the efficiency of the WPT. 
 
KEYWORDS—wireless power transmission (WPT), radio frequency (RF), quality 

factor (Q), resonance. 

-------------------------------------------------------------------------------------------------------

I. Introduction 

 Wireless power transmission is transmitting the power using electromagnetic 
waves in the radio frequency region without using power chords. Wireless 
transmission is very useful in the cases where connecting wires are inconvenient, 
hazardous or impossible [3]. WPT has number of advantages such as it is safe, quite in 
operation, highly efficient, can give support to multiple devices. The major 
applications of WPT are magnetic resonance imaging system, electric cars and 
wireless mobile chargers [2]. In this case, the power transfer occurs using the coupled 
resonators [1].Due to the mutual inductance and resonance high efficiency is achieved 
in WPT.  From long time coil configurations of high order have been used to produce 
high quality of axially symmetric homogeneous and gradient magnetic fields[5]. 
 

II.  Design of RF Coil 

First,the spiral coil having two turns with rectangular cross section is designed 
using the governing equations [1] and [2]. The coil is placed in the air domain of 
0.25m radius. The air domain is made by a sphere (fig.1). The resonating frequency 
using the Eigen value study method. After finding the resonating frequency, the 
model is analyzed for the set of frequencies near the resonating frequency.  

 
Here, Equation 1 represents the self-inductance of the coil. 
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Where  
L=self-inductance of the coil 

=0µ permittivity of the free space 
N=number of turns in the coil 
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l= length of the coil 
A=area of the coil 
 
Similarly, the self-capacitance of the coil is presented by the Equation 2. The 
specifications of the coil are given in the Table 1. 
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Where  

LC =self-capacitance of the coil 
=osf =resonating frequency 

L=self-inductance 
 

 
 Fig.1. RF coil model with the lumped port. 
 
Table.1. Specifications of the coil 

Material copper 

Turns 2 

Coil width(w) 0.005m 

Coil thickness(t) 0.01m 

 Air gap(g) 0.005m 

The external cable of the RF coil is assigned with 50Ω impedance values and a 1V 
of driving voltage. The coil produces resonance due to self-inductance and self-
capacitance[4].  
 
III.  Magnetic Analysis 
 

COMSOL Multiphysics is used to design the resonating coil and to find out 
the resonating frequency as well as to obtain the frequency response of the coil. The 
electromagnetic waves, frequency domain interface from the radio frequency package 
are used to model the frequency response of the radio frequency coil.  

 
To find out the resonating frequency near 180MHz, theanalysis is done in the 

Eigen frequency domain. In the next stage,sourcedriven simulations are run for a 
sequence of input signals and the resonant frequencies are found plotting the s-
parameters of the coil. The second part of analysis is done in the frequency domain.  
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Radio Frequency coils generate an oscillating magnetic fieldwhich is 
perpendicular to the coil surface. If the oscillation of the radio frequency coil closely 
matches to the natural precession of nuclear spins, then the energy is deposited into 
the spin system causing a change in its net alignment. At this resonance frequency, 
maximum electromagnetic radiation from the RF coil occurs. 

 
To evaluate the behaviour of the device at high frequencies using simulation, 

the magnetic and electric parameters relative to the frequency are measured. To 
achieve this, lumped ports are assigned at the resonator boundaries on both sides of 
the coil. The s-parameters are calculated in COMSOL performing an Eigenmode 
evaluation of the electromagnetic fields on the ports. The fields are assumed to be 
normalized with respect to the power flow across each port. 
 
IV.  Numerical Analysis 

The responses of the radio frequency coil are extracted in two-dimension surface 
plot. The analysis is done with respect to the resonance frequency. 

 
RF coil produces the electromagnetic pulse which is 90 degrees on to the plane 

perpendicular to the surface, making it oscillating electromagnetic signal. The 
electromagnetic pulse which has north and south poles at the surfaces of the plane in 
2D making the coil as dihedral magnet [7]. The strength of the electromagnetic wave 
depends on the input signal, frequency of the input, dimensions of the coil and the 
medium in which the coil is placed. 

 

 
Fig. 2: Electric field norm (v/m) 

 
Electric field norm (Fig.2) is found maximum in the air gap between the coils 

as the field of two coil surfaces interacts each other. The place near to the coil, the 
field is found to be moderate. At the center of the coil it is found to be negligible. The 
surface of the coil is acting as the transmitter of the electromagnetic radiation. 

 
Magnetic flux density norm (Fig.3) is found maximum in the edges of the coil 

at the resonating frequency. Magnetic flux density is small in the smooth surface. The 
cross section of the coil contains zero value of magnetic flux density. 
 

Eigen frequency=1.784E8 
slice: electric field norm 

(V/m) arrow volume 
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Fig.3: magnetic flux density norm (v/m) 

 

 
Fig.4: Electric energy density (J/m^3) 

 
The electric energy density (Fig.4) graph is found like the electric field norm. 

The values are found maximuminside the coil and found minimum in the space 
between the coils. 

 
The magnetic energy density (Fig.5) is found inside the coil as two poles of 

magnet is formed by the coil. The rest of the places produce comparatively less 
magnetic energy density. The least magnetic energy density is found at the outer 
surface of the coil. It can be noticed magnetic flux density (Fig.5) and electric energy 
density(Fig.4) are displaced by 90 degrees with each other. 
 

Input impedance versus frequency (Fig.6) plot describes the variation of the 
quality factor of the coil. The maximum input impedance is occurred only at the 
resonating frequency. 

 
From the graph (Fig.6) shows that the radio frequency coil acts as the parallel 

resonance circuit at the resonating 
 

Freq(2)=1.70E8 slice: 
magnetic flux density 

norm(T)  

freq(2)=1.70E8 slice: 
electric energy density(J/m3) 

))norm(T)  
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Fig.5 magnetic energy density (J/m^3)  
 

 
  Fig.6.Input impedance versus frequency 
frequency. The magnetic field will be stored in the inductor and the electric field will 
be stored in the capacitor and the current through the inductor and the capacitor will 
be always equal and opposite. At resonance, the circuit provides minimum admittance 
and high impedance acting as the rejecter circuit. The parallel resonance circuit 
provides minimum range of bandwidth for operation compared to the series romance 
circuit with maximum elimination of noise in the signal. The electromagnetic signal 
can be concentrated using the small amount of magnetic resonance active material 
with the coil. We should also ensure that metallic components  
do not act as radio frequency shield in the sensitive region of the coil [6]. 
 
V. Conclusion 

 
RF coil excited with 1V showed the resonance at the frequency of 

176.08MHz. At resonate frequency maximum electric field (y component) is found as 
1274000(V/m) in the air gap and maximum electric energy also found in the same 
place. Maximum value of the magnetic field (y component) is found as 1x10-9(T) in 
the edges whereas maximum magnetic energy is found in the inner loop. The quality 
factor of the coil found around 300. 
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