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Abstract—With more than 230 products on st
estimation of 100 million wireless power devi
(IHS source), the wireless power market is
Moreover, current smartphones are us
applications (music streaming, satellite navigat
NFC virtual key for car sharing) and thus a
supply system is required. This paper addre
modeling and characterization of this power so
Power Transfer context by an original mod
good correlation between measurement a
obtained both for electrical (e.g. input imped
and electromagnetic (e.g. magnetic field) qu
simulations performed on commercial softwar
simulation/measurement shows a difference o
active power available on the load and the m
the magnetic field corroborates with the measu

Index Terms — Wireless power transfer, i
electromagnetic modeling, electronic ci
automotive systems, power budget 

I. INTRODUCTION
oday, there are more and more applica
wireless. Wirelessly powering nomad
phones, cellular phone, personal compu

etc.)  seems to be a very smart and ergonom
implement a wireless powering system th
three approaches: reactive near-field coupli
resonant) [2]-[3], far-field directive power 
far-field nondirective power transfer [5]. In 
the interoperability between wireless power
by different manufacturers, organizations 
Power Consortium (WPC) [6], the Power
(PMA) [7] or the Alliance for Wireless Powe
been established. The Wireless Power Conso
power standard (named “Qi”) for providing 
compliant receiver, with specific 
recommendations [6]. A classical Wireles
System (WPTS) is illustrated in Fig. 1. Th
between the transmitter (Tx) and the receive
using coupled coils separated by a distance
coupling factor (k) [9]. For automotive appli
supply is the car’s battery whereas the 
nomadic electronic system. A possible appl
in vehicle is illustrated in Fig. 2. 
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(around 100). The PCB coils are made by
strips with an appropriate shape directly on 
major advantages are an easy fabrication pr
price compared to Litz coils. But the main d
lower quality factor (around 15) and 
dissipation than Litz technology. Litz and
respectively named as “A6” and “B5” in t
designs used here [13]. A magnetic pe
(ferrite) positioned on the coils’ backs imp
and coupling (between two coils) factors. T
used as shielding against the undesired magn
behind the coils and protects the transm
circuitry of electromagnetic interferences. 

A. Electromagnetic modeling and char
techniques

The electromagnetic simulations were perfor
using the Method Of Moments (MoM
Equivalence Principle (VEP) and Low 
stabilization techniques on a twenty-nod
cluster. Meshing is a critical point in al
simulations, defining how precisely Maxwe
solved by using a finite elements disc
geometry. For example on the B5 design, th
are totally meshed with 2590 triangles and
for the ferrite (triangle and tetrahedron are re
mesh metallic surfaces and dielectric volum
mesh is a good trade-off between the a
simulation time. The four coils are impleme
strips and the ferrite (thickness: 2.2 mm
magnetic permeability of 800 and a magnet
0.00008 (the same ferrite will be used all ove
The Litz wires of A6 coils were modeled a
wire of equivalent radius and the ferrite is 
one used for the B5 PCB coils.  
To validate the electromagnetic modeling a
with ferrite on the back have been prototype
Fig. 3. Their inductance (L) and Equivalent 
(ESR) are measured through an impedan
magnetic field is measured with a H-field m
H/E field meter ESM-100) at different distan

B. Electrical parameters of coils
The simulated and measured electrical param
L and equivalent series resistance ESR) are p
Litz and PCB coils in the Table I. To com
results between modeling and experimentat
parameters are extracted at different frequenc
200 kHz). 
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C. Magnetic field of coils
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Fig.  4. Magnetic field as function of the distance (A6 Litz coil) 

Fig.  5. Magnetic field as function of the distance (B5 PCB coil) 

Fig.  6. Impact of the ferrite on the magnetic field (A6 Litz coil) 

the same trend for each case. The correlation is lower for large 
distances (> 40 cm) where the magnetic field is weak and 
subject to noise and field distortions leading to measurement 
uncertainties. Fig. 6 illustrates the ferrite impact on the 
magnetic field. Experimental and simulation curves show that 
the magnetic field is lower with 20 dBµA/m at 3 cm (A6 
design) on the bottom side of the ferrite compared with the 
value measured on the top side of the Tx coil proving thus the 
shielding effect of the ferrite. The distance measured here 
(Fig. 6) is always on Oz axis but the measuring/simulation 
point is situated below the ferrite. 
Concerning the EMF limits, Fig. 4 and Fig. 5 show that the 
radiated magnetic field is below the levels imposed by both 
IEEE and ICNIRP recommendations for the two coils (A6 and 
B5) for a distance greater than 7 cm. 

Theoretical magnetic moments of the A6 (Litz wire) and B5 
(PCB) models are estimated using the following formula: 

݉ ൌ  ଵே ∑ ஻ሺ௜ሻ.ସ.గ.ௗሺ௜ሻయஜబ.√௉ே௜ୀଵ (1) 

Where: ݉ is the magnetic moment, N the number of samples (between 
the distance of d(1) = 0.5 m to d(6) = 1 m from coils with a 
step of 0.1 m), ܤሺ݅ሻ the magnetic field at i, μ଴  the magnetic 
permeability and P the reactive power into the coil. 
At long distances (over than 50 cm), the PCB coils generates 
slightly higher fields than A6 Litz. The estimated magnetic 
moments of B5 and A6 coils are respectively 0.0148 A.m²/√ܹ 
and 0.0132 A.m²/√ܹ.  

III. WPTS CIRCUIT SIMULATIONS AND CORRELATION 
WITH MEASUREMENTS 

The electronic architecture of our power source has been 
designed, simulated and prototyped. It will be illustrated only 
with A6 Litz coils results because the same electronic 
architecture is used for B5 coils. The power source is coupled 
with a Qi compliant receiver, following the schematic 
presented in Fig. 1, for a delivered power of 5 Watts to the 
external load. 

A. Modeling and measurement setup
The proposed modeling and simulation approach is based on 
the use of the commercial electronic circuit simulator Orcad 
PSPICE (Cadence Design System, Inc.) to model the complete 
WPTS (including transmitter and receiver circuitry). To 
provide a global simulation approach, the coils (Transmitter 
Tx and Receiver Rx) are defined as coupled coils 
characterized by their inductances Lp (primary: Tx coil) and 
Ls (secondary: Rx coil) and the coils’ coupling factor (k). The 
coupling factor (k) is given by the following formula: k ൌ UୱU୮ ටL୮Lୱ (2) 

where Up and Us are respectively the voltages across the input 
ports of the primary (Tx) and secondary (Rx) coils while Lp 
and Ls are the Tx and Rx coils’ inductances. Measured values 
are taken into account in (2). 
The transmitter used (homemade product) is also compliant 
with the Qi A6 design. According to the Fig. 7, it consists of a 
DC-DC conversion stage (not represented here) connected to
the DC-AC stage linked up to the resonant LC circuit through
a low pass filtering formed by the inductance (Lf) and the
capacitance (Cf).
The DC-AC conversion uses a class-D power amplifier
realized by a half bridge inverter (2 transistors) which drives
the primary coil (Lp, transferring the energy to the receiver’s
secondary coil) and the system is matched with the resonant
capacitor (Cp) in order to improve the power transfer.
Due to automotive applications, the energy supplying the
power transmitter comes from the car’s battery. A DC-DC
conversion stage is included in order to regulate the DC power
supplying the inverter and thus the amount of power
transmitted to the receiver. SPICE models were used
(transistors, diodes, etc.) and driving circuits were



Fig.  7. Tx SPICE electronic circuit of the WPTS 

implemented in order to make a complete transient study with 
specific logical driving signals. The primary Tx coil employed 
here has an inductance of Lp = 11.25 µH and an ESR of 0.1 Ω 
with a coupling factor k = 0.53. The receiver is compliant with 
the Qi TPR#5 architecture [13] and uses a Litz coil to receive 
power from the transmitter. 
In the simulation setup, the components’ values and coupling 
factor are implemented in the circuit. The following results are 
given with the Tx coil coupled to the Rx coil, for a transferred 
power of 5 Watts on the load. 

B. Simulation and measurement results
First, the correlation between SPICE simulation (Tx model of 
the Fig. 7) and experimental results was investigated by 
analyzing the transient waveforms correctness (waveforms 
represented in Fig. 8). Secondly, the active power available 
across the transmitter coil is computed (average value over 
one period of the product between instantaneous voltage and 
current).  
As shown in Fig. 8, a very good correlation for the simulated 
and measured waveform was obtained. The peak to peak 
measured voltage is 31.89 V (current: 4.41 A) while the peak 
to peak simulated voltage is 33.26 V (current: 4.41 A). The 
effective (rms) voltage, current and the power available on the 
Tx coil were extracted from the simulated and measured 
curves and are summarized on the Table II. A good correlation 
(close to 2%) between theoretical modeling and experimental 
measurement validates the proposed circuit simulation 
approach. 

IV. CONCLUSION

This paper addresses the full characterization of a wireless 
power source, compliant with a Qi WPTS, from a simulation 
and measurement’s point of view. Electromagnetic simulation 
models were used for the coils while circuit simulation was 
adopted for the driving electronic circuitry. Electrical 
parameters of modeled coils and the radiated magnetic field 
are well recovered by the measurements despite of the use of 
simplified electromagnetic models motivated by time 
simulation issues. The emitted magnetic fields are below the 
limits imposed by ICNIRP or IEEE standards for a distance 
beyond of 7 cm. The impact of ferrite shielding is well 
reproduced by the proposed simulation model. A correlation 
between simulation and experimental results close to 2% 
demonstrates the accuracy of the adopted simulation approach 
for the driving electronic circuitry. Thus the proposed 
modeling and simulation approach can be an useful tool for an 
efficient design and optimization of an effective WPTS.  
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TABLE II 
CORRELATION BETWEEN ELECTRONIC MEASUREMENTS AND SIMULATIONS 

Voltage (Vrms) Current (Arms) Active power (W) 

Measurement 10.61 1.46 6.57
Simulation 11.17 1.5 6.43

Correlation (%) 5.01 2.67 2.18

Fig.  8. Voltage and current waveforms (measured and 
simulated) on the Tx coil 
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