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Abstract—Multiple output wireless power transfer (WPT) 
system has great potential to be used in applications where 
multiple receivers need to be powered simultaneously, 
including wireless office table, logistic sorting robots and 
magnetic resonant imaging (MRI) equipment. For the sake 
of reducing no-load losses and avoiding leakage magnetic 
fields, it is desirable to only switch on those transmitter coils 
that are covered by receivers and switch off the rests. To 
realize this, however, bidirectional power switches, sensors 
and control logic are needed, which is expensive, bloated 
and lossy. This paper proposed a novel receiver-controlled 
coupler (RC-Coupler) that can realize switching on/off of 
transmitter coils without using bidirectional switches, 
sensors and control. The structure, design considerations 
and leakage fields of the proposed RC-coupler are 
researched, and its feasibility has been confirmed with a 
GaN based 120W, 6.78MHz prototype.  A power density of 
2.78W/cm3 is reached benefit from the receiver-controlled 
characteristics. 

 
Index Terms—wireless power transfer (WPT), multiple output, 

leakage magnetic field, efficiency. 

 

I. INTRODUCTION 

ith the improvement of power electronics technology and 
circuit theory, wireless power transfer becomes a fast 

developing technology and is being used in many aspects of our 
life, such as electrical vehicles, railway transportation [1] – [3], 
implant devices [4] – [6] and consumer electronic products [7]. 
A bright prospect is in front of this technology and it is 
promising to be used in more and more applications in the 
future. 
Currently, the single input single output (SISO) wireless power 
transfer has been well researched and commercialized because 
of its relatively simpler system configuration and control 
strategy. However, the SISO wireless power transfer is not 
enough to meet the charging requirement of more and more 
electronic devices in everyday life considering cost, 
convenience, etc. Take a typical office table for example, 
normally there might be a table lamp, a laptop, a monitor, a cell 
phone, a wireless key board, a wireless mouse and a humidifier 
on it. If all these devices are charged in a SISO way, the table 
will still be full of cables as every SISO wireless charger need 
to be connected to the grid through independent power cable. 
Single input multiple output (SIMO) [8] wireless power transfer  

 
Fig. 1.   Three system configurations to realize multiple output wireless 
power transfer, (a) Big transmitter coil, (b) UCBCP and (c) Active 
switches with feedback control. 

 
system is a better solution for such kind of application and is 
attracting more and more research and commercial interests 
recently. For example, a multiple output wireless charging table 
was demonstrated by EPC in 2016 [9]. Another application of 
multiple output wireless power transfer is logistic sorting 
system, where hundreds of automatic guided vehicles (AGV) 
are used for sorting logistic packages. Besides, multiple output 
wireless power transfer can also be used in industrial 
applications. Grant A. Covic and John T. Boys et.al made a 
significant contribution in track-type wireless power transfer 
topology. The primary coil is a long track, where multiple 
receivers move along and receive power from the track. It is 
successfully used in clean room [10]. 
 To realize multiple output wireless power transfer, typically 
either a big transmitter coil or a small transmitter coil arrays are 
needed, as shown in Fig. 1(a) and (b). For the big coil 
configuration, the number of receivers is limited, and the 
control freedom is also limited, any modification of primary 
coil will affect all the receivers. Leakage magnetic field 
problem are series since the transmitter coil can’t be perfectly 
covered by receivers. It is also hard to realize high system 
efficiency because of the weak coupling between transmitter 
coil and each receiver coil. S. Y. Ron Hui et.al proposed a small 
transmitter coil array solution called Universal Contactless 
Battery Charging Platform (UCBCP), which uses three-layer 
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hexagonal coils connected in series to build a uniform magnetic 
field on the planar surface so that electronic devices can be 
charged everywhere on the plane [11] – [15]. However, those 
coils not covered by the receiver are also active with current and 
high frequency leakage magnetic field, which may heat up 
metal objects like coins or keys around them. A potential 
harmful effect on human exposed to the leakage magnetic field 
also prevent this technology from been widely used. Meanwhile, 
the extra coil loss is also a drawback of series connected coil 
arrays since all the coils are excited at the same time even if 
only one transmitter coil is used to transfer power.  

For the sake of reducing no-load losses and avoiding leakage 
magnetic field, it is desirable to only switch on those transmitter 
coils that are transferring power to the receiver and switch off 
the rests. To realize this, bidirectional switches are introduced. 
These bidirectional switches are series connected to each 
transmitter coil and sensors are used to detect the existence of 
receivers [16], which is used in magnetic resonant imaging 
(MRI) equipment. To avoid interacting with the T0 and T1 
fields of MRI, which will cause distortion of the imaging 
system, a control logic is used to control the bidirectional 
switches based on the feedback of sensors to ensure only the 
specific transmitter coil under the receiver is switched on and 
the rest is off, as shown in Fig. 1(c).  

The drawbacks of using bidirectional switches are obvious, 
the system becomes expensive and bloated because of these 
sensors, bidirectional switches, drivers and control circuits. In 
[16], except for the inverter, an extra 106mm x 111mm PCB 
board with twelve power switches are used to switch on/off the 
three transmitter coils with 25W output. Moreover, these 
bidirectional switches also cause conduction losses which will 
lower the system efficiency. 

To keep the selective switching feature of transmitter coils 
while avoiding the complex bidirectional switches, researchers 
have tried to utilize the parasitic parameters between the 
transmitter and the receiver to build a switch.  Reference [17] 
presented a method to achieve bounded spatial freedom using 
flux-guide saturation for flux delivery to one or more secondary 
coils for contactless inductive power transfer. The transmitter 
coils are covered by ferrite and by using the nonlinearity feature  

 
Fig. 2.   Receiver controlled wireless power transfer concept. 

 

 
Fig. 3.   (a) Structure of proposed RC-Coupler, (b) its equivalent circuit 
with receiver pad and (c) without receiver pad. 

 
of ferrite materials, the primary flux is shielded within the 
ferrite when no receiver is on top of the transmitter coil. If a 
transmitter coil is covered by a receiver, a flux path is ‘opened 
up’ from transmitter coil to the receiver coil by selectively 
letting the ferrite to saturate using biased DC current. This 
method solved the leakage magnetic field problem, but the 
introducing of ferrite causes more loss in addition to the coil 
loss problem that is not solved by this method. 

To solve the above-mentioned leakage magnetic and low 

TABLE I 
COMPARISON OF DIFFERENT MULTIPLE OUTPUT WIRELESS POWER TRANSFER SOLUTION 

Ref Power Efficiency Tx and Rx coil 
size 

Power density 
(converter) 

Position 
free? 

Number of Components Leakage 
magnetic 
field 

Number 
of 
receivers 

[10] <1W 89.82% Tx 6361.7mm2 
Rx 433.7mm2 

\ Yes \ Yes 3 

[11-15] 1.58W \ Tx 10800mm2 
(21 coils) 
Rx 1194.6mm2 

\ Yes Commercial RF 
amplifier 

Yes 1 

[16] 21.6W 62.97% Tx 120000mm2, 
3 coils 
Rx 40000mm2, 
1 coil 

50mmx50mmx15
mm inverter and 
111x106 mm2 RF 
switch matrix 

Yes Inverter + 12 MEMS RF 
switches (14 switches) 

no 1 

[17] 0.48W 43.8% Tx 5700mm2 
Rx 1066 mm2 

\ Yes Inverter + extra DC bias 
circuit (> 2 switches) 

No 1 

This 
paper 

120W 81.42% Tx 60000mm2 

Rx 60000mm2 
30mmx60mmx30
mm 

Yes Inverter (2 switches) No 3 

 



 

 
efficiency problem of a multiple output wireless power transfer 
system, a receiver-controlled wireless power transfer concept, 
as shown in Fig. 2, is proposed in this paper. A switch is 
designed in series with each transmitter coil and this switch is 
controlled by the receiver. When a receiver is put on top of a 
transmitter coil, the switch of that specific transmitter coil is 
activated. Power is wirelessly transferred through that 
transmitter coil to the receiver. When the receiver is moved 
away, this switch is automatically deactivated, and the primary 
transmitter coil becomes open circuit, no extra current or 
leakage magnetic fields are generated, meanwhile, the 
remaining transmitter coils are not affected. More specifically, 
a novel receiver-controlled coupler (RC-Coupler) that utilizing 
the parasitic capacitances between the transmitter and receiver 
as the receiver-controlled switch is proposed and evaluated in 
this paper. Table I gives a detailed comparison of the above-
mentioned different multiple output wireless power transfer 
solutions in terms of power, efficiency, power density, etc. 
Compared with uniform primary field configuration, the 
leakage magnetic field is eliminated. The system efficiency is 
also increased since there are no currents in those uncovered 
transmitter coils. Compared with bidirectional switch 
configuration, the proposed RC-Coupler is superior in terms of 
volume, cost and control complexity. 

This paper is organized as follows. The structure, work 
principle and a detailed analysis of facts that affect the coupling 
capacitance of the RC-Coupler is explained in section II. A 
simplified system design guideline is given in section III. The 
leakage magnetic field around the proposed RC-Coupler are 
evaluated in section IV by FEM simulation, followed by 
experimental testing and validation in section V. A 120W, 
6.78MHz receiver-controlled wireless power transfer prototype 
with three outputs is built to validate the analysis and 
calculation. Finally, conclusions are given in section VI. 

 

II. THE PROPOSED COUPLER 

A. Coupler description 
The RC-Coupler proposed in this paper is shown as Fig. 3(a). 

The key idea is to replace primary compensation capacitor with 
separable parallel plate capacitor (PP-Cap). The coupler 
composes two separable PCB boards, namely the primary pad 
and secondary pad. The primary pad composes two metal plates 
(P1 and P2) and a coil (Lp). The secondary pad composes one 
metal plate (P3) and a coil (Ls). The primary pad is connected to 
the primary inverter as a part of the transmitter and the 
secondary pad is connected to receiver. The equivalent circuit 
of the proposed coupler is shown in Fig. 3(b). Lp represents the 
transmitter coil and Ls represents the receiver coil. A separable 
PP-Cap C13 is formed by P1 and P3. Similarly, another separable 
PP-Cap C23 is formed by P2 and P3. Since the area of P1 is the 
same as that of P2, C13 equals to C23 and they are series 
connected by P3. Note that P3 has no electrical connection with 
the receiver side circuit. Define the equivalent series 
capacitance of C13 and C23 as Cppi, where the index i represent 
the ith RC-Coupler in a multiple output wireless power transfer 
system. Cppi is used to replace the primary resonant capacitor.  

 
Fig. 4.   A multiple output wireless power transfer topology using 
proposed RC-Coupler. 
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Fig. 5.   Capacitance of Non-touched PP-Cap with different side length 
and air gap distance. 
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Fig. 6.   Cross-sectional structure of PP-Cap and its equivalent circuit. 
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Fig. 7.   Measured capacitance of different dielectric materials and 
pressure. 

 
A unique characteristic is brought by doing this. Since the Cppi 

is formed by both transmitter and receiver, and it is series 



 

 
connected with the primary coil. Once the receiver (including 
P3) is moved away from the transmitter coil Lpi, as shown in Fig. 
3(c), the two electrodes of capacitor C13 and C23 are separated 
and the primary side resonant tank becomes open circuit. Even 
the primary inverter is working, and the rest of the primary coils 
are transferring power, there is no current in this uncovered coil 
Lpi.  

A multiple output wireless power transfer topology using the 
proposed RC-Coupler is shown as Fig. 4. The primary side of 
the topology comprises AC/DC converter, GaN based high 
frequency inverter, primary coils (Lp1- Lpi) and primary resonant 
capacitors (Cpp1-Cppi). At the secondary side, each receiver has 
its own receiver coil (Lsi) and resonant capacitor (Csi) as well as 
rectifier circuit and a DC/DC converter to regulate appropriate 
voltage for different electronic devices.  

 
B. Design of separable PP-Cap 

A PP-Cap can be divided into non-touched PP-Cap and 
touched PP-Cap, where non-touched means a visible air gap 
exists between two electrodes. For non-touched PP-Cap, the 
capacitance is determined by formula (1) 

 
2

0 0 s= .
S L

C
d d

 
  (1) 

 
The coupling capacitance with different air gap distance d 

and side length Ls is depicted in Fig. 5. When d is larger than 
1mm, the coupling capacitance increases slowly with Ls, where 
the distance of air gap d dominates the coupling capacitance. 
When d is less than 1mm, the side length Ls makes more 
influence on the capacitance. As summarized in [18], most 
research of capacitive power transfer focus on air gap less than 
1mm, the main reason is that the coupling capacitance is too 
low for large air gap capacitors considering their volume. 

For touched PP-cap, however, the coupling capacitance can 
be increased since the air gap between the two electrodes is 
minimized. The cross-sectional structure of the C13 in Fig. 3 is 
illustrated in Fig. 6. It consists of five layers, including two 
capacitor electrode layers, two dielectric layers, and an air-gap 
layer. The capacitor plate layer is made by metal, e.g. copper or 
aluminum sheets. There are many materials that can be used for 
the dielectric layer. In this paper, several materials with similar 
thickness as shown in Table I are studied. As shown in Fig. 6,  
although there is no visible air gap layer in touched PP-Cap, 
some equivalent air gap layers still exist. Because in molecular 
level the microscopic surface of any material cannot be 
absolutely smooth. Surface roughness Ra is a parameter used for 
expressing the unevenness of a surface [19], 

a

0

1
L

R z mdx
L

   (2) 

Where |z-m| is the absolute offset relative to a reference plane 
and the reference plane is defined such that the area above the 
reference plane is equal to the area under the reference plane, 
see Fig. 6. For two touched surfaces with surface roughness Ra_p 
and Ra_s, the equivalent air gap layer thickness is 

air a _ p a _s.d R R   (3) 

 

TABLE II 
PARAMETERS OF DIELECTRIC MATERIALS 

Materials 
Dielectric 
constant 

Thickness 
Surface 

roughness 

Solder Mask 3.5 70μm 1μm 

PE film 2.25 80μm 0.1μm 

Paper 1.4 88μm 5μm 

 
TABLE III 

PARAMETERS OF CURVE FITTING 

Materials a b c d 

Solder Mask 170.31 0.0012 -111.94 -0.1271 

PE film 817.33 -0.0096 -724 0.0420 

Paper 347.36 0.0012 -209.93 -0.1504 

 
For simplicity, in this paper, the dielectric material as well as 

the surface roughness of the two dielectric layers are kept the 
same. Based on Fig. 6, a PP-Cap can be equivalent as the series 
value of three capacitors 
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Except for side length Ls, the coupling capacitance of touched 

PP-Cap is also sensitive to the dielectric constant of dielectric 
layer εr, the surface roughness Ra of the dielectric layer and the 
pressure added to the capacitor electrode. The side length is 
usually determined by the geometry of specific application. 
Surface roughness Ra and pressure F is not directly included in 
(4) but they will affect the air-gap layer thickness db in Fig. 6. 
Lower Ra or higher P will lead to thinner air-gap layer and thus 
higher capacitance. 

The coupling capacitance of PP-Cap using dielectric 
materials in Table I with a side length of 100mm are measured 
and shown in Fig. 7. It can be observed from Fig. 7 that the 
coupling capacitance increase fast when pressure is low and 
tend to saturate at certain pressure level. This trend can be 
expressed using the following two-order exponential function, 
where F is the pressure added to the capacitor electrode 

 
'
air a ( ).b F d Fd R a e c e        (7) 

 
Curve fitting Fig. 7 with equations (4)-(7), the corresponding 

coefficients for different materials can be obtained as shown in 
Table II. For touched PP-Cap, adding pressure or reduce surface 
roughness can significantly increase the capacitance. The 
resonant frequency of a series compensated WPT system is 
determined by resonant capacitance and coil inductance. To 
comply with the A4WP [20] and ISM standards [21], the 
switching frequency of the inverter is set as 6.78MHz. Once the 



 

 
frequency is fixed, a higher capacitance requires lower 
inductance, and vice versa. In this paper, a 20cm by 30cm 
coupler is designed for a 14-inches laptop with bottom area of 
22cm by 33cm. The solder mask layers of PCB board are used 
as dielectric layers and the pressure between the capacitor 
electrode is the weight of a laptop (~2.25kg). As shown in Table 
III, based on (3)-(7) and Fig. 7, the calculated total capacitance 
Cpp is 659.69pF and the measured capacitance is 610pF. The 
error between calculation and measurement result is 8.14%.  
This may be caused by the distortion of capacitor plate and 
thickness error of solder mask layer during manufacturing. 

For some applications like laptop, AGV and MRI, the 
coupler area is not a big issue because their bottom side length 
is normally larger than 200mm. Thus, the bottom area is big 
enough to build a separable capacitor Cpp capable of serving as  
primary side resonant capacitor. On the other hand, the power 
density of transmitter and receiver converters should be 
maximized since it need to be imbedded into electronic devices. 
By using the separable capacitor Cpp as receiver-controlled 
switch, the bidirectional power switches and its control circuits 
in [16] can be saved while keeping the system performance 
(only the coils under receiver are activated) unchanged. This 
will reduce the volume of the primary side circuits. 
 
C. Design of coils 

The inductance of a PCB based coil can be determined by 
[22], 

  
2

avg 1 2
2 3 4ln /

2

n d c
L c c c


      ,            (8) 

Where n is the number of turns, ci are geometry dependent 
parameters, and for circular coil c1 is 1.00, c2 is 2.46, c3 equals 
to zero and c4 is 0.20. Average diameter davg is defined as 
0.5(dout+din) and filling factor ρ is defined as (dout-din)/(dout+din). 
The physical dimension of different coils is given in Fig. 8. In 
this paper, the transmitter and receiver coil parameters are listed 
in table III. 
 

III. SYSTEM DESIGN 

Some specifications are made before the system design. 
Define the receiver voltage as Vr and receiver power as Pr. To 
obtain a stable receiver voltage, a Buck DC/DC converter is 
used to regulate the output voltage. The equivalent load 
resistance seen from the input of DC/DC can be calculated as  

r
dc

dc r

P D
R

V





 (9) 

 
Where D is the duty cycle of the DC/DC converter. Using 
fundamental approximation [23], the rectifier circuit, DC/DC 
and receiver can be simplified as an equivalent AC resistance 

ac dc2

8
.R R


   (10) 

 
Similarly, the primary AC/DC converter and half-bridge 

inverter can also be simplified as a voltage source Vac with its 
frequency equals to the switching frequency of the inverter [24] 

outD

inD

S W

 
Fig. 8.   Layout and dimension of transmitter and receiver coils. 
 

 
Fig. 9.   Equivalent circuit of RC-Coupler based WPT. 
 

TABLE IV 
PARAMETERS OF CAPACITORS AND COILS FOR RC-COUPLER  

Symbol Value Symbol Value 
lcap 100mm S 2.5mm 

wcap 200mm W 5mm 
ddie 35μm Dout 85mm 
F 22.05N Turns 5.5 

 

ac dc

2
sin(2 )V V f t


   (11) 

 
where Vdc represents the DC-link voltage of inverter. Thus, the 
system can be simplified as Fig. 9. The transmitter coil and 
receiver coil can be handled as a loosely coupled transformer 
and it can be modeled as a T-type equivalent circuit including 
primary side leakage inductance Lp, secondary side leakage 
inductance Ls and magnetization inductance Lm. There are two 
resonant tanks for each RC-Coupler, the primary resonant tank 
formed by Lp, Cpp and the secondary resonant tank formed by 
Ls, Cs, and their resonant frequencies are 

p s

p pp s s

1 1
.

2 2
f f

L C LC 
 ，  (12) 

 
Here, the primary resonant frequency fp is designed equal to 

the secondary resonant frequency fs. The impedance Zs seen 
from the magnetizing inductor to the receiver is  

s s ac s

s

1
+Z j L R R

j C



   . (13) 

 
The total impedance Zin seen from Vin is  
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Fig. 10.   Gain of RC-Coupler as a function of switching frequency and 
characteristic impedance. 
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Fig. 11.   Gain of RC-Coupler versus Cpp and Rac. 
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Similar to other resonant converter, the output voltage can be 

controlled by varying inverter frequency or varying input DC 
voltage, varying duty cycle is not the best option since it will 
make the inverter lost soft switching feature. The output voltage  
is also dependent on the gain of the resonant tank. Thus, the 
gain of RC-Coupler is derived at first. The gain of RC-Coupler 
can be written as   

o

in

m s
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m s s
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To facilitate analysis, four factors are introduced:  

1) Normalized working frequency fn, 

n 0/f f f . (16) 
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Fig. 12.   Efficiency of RC-Coupler (Rp=Rs=1Ω). 

 
where f is the primary voltage source frequency (f=ω/2π). f0 is 
the resonant frequency of the resonant tank, which is 
determined by the value of inductor and capacitor. The 
normalized working frequency expresses the deviation of 
primary voltage source frequency compared with resonant 
frequency.  

2) Characteristic impedance Z, 

p

0 p

pp 0 pp

1
2

2

L
Z f L

C f C



   . (17) 

 
3) Quality factor Q,  

p

ac ac pp

1 LZ
Q

R R C
  . (18) 

 
4) Inductor ratio � ,      

p s= /L L . (19) 

 
Substitute (16)-(19) into (15), the gain of RC-Coupler is, 

2 2

n 2 2
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Where 
2

n(1 )a Q f   (21) 

nb f  (22) 
2

n( ) (1 )c Q f    (23) 

3
n n n n
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2 (1 )
Q

d f f Q f Q f Q
f


       . (24) 

 
Fig. 10 shows the gain curves of RC-Coupler as a function of 

normalized switching frequency fn and different Q values. The 
gain of RC- Coupler shows a fixed gain point when normalized 
switching frequency equals to 1. To ensure the soft switching 
of inverter, the input impedance of the RC-Coupler should be 
designed slightly inductive, which means the fn is a little bit 
higher than 1. For a given switching frequency, according to 
(12) Cpp and Lp need to be designed to compensate each other 
so that the net impedance of the resonant tank is close to zero. 
Theoretically for any Cpp, a Lp can be found to meet (12). 
However, as shown by (18), quality factor Q is inversely 
proportional to Cpp

1/2. Increase Cpp gives a decrease in Q. And a 
lower Q can ensure a more sable gain curve which is benefit for 
the controller design. According to (18) the Q value is affected  
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Fig. 13.   Simulated magnetic fields around primary coil, (a) Big 
transmitter coil (b) UCBCP coil and (c) RC-Coupler. 

 
by Rac. Substitute (4) into (18), the system gains versus different 
Cpp and Rac is calculated and plotted as shown in Fig. 11.  

In heavy load condition, Rac decrease results a high Q, which 
further cause a decrease in system gain. For light load condition, 
Q and gain changes to the reverse direction. To keep a stable 
output voltage, either input voltage should be increased, or the  
primary voltage source frequency f be adjusted toward the 
resonant frequency.  

For a specific receiver with given load voltage and load 
power, to ensure the charging robustness at different conditions, 
the system should be designed to satisfy the load requirements 
at lowest gain condition. Thus, load change or coupling 
capacitance change will always lead to an increase in gain and 
rectified voltage, and this output voltage can then be regulated 
down to the specific load voltage. However, the highest voltage 
stress on the DC/DC should also be considered when gain 
increase  

The input current and load current can be calculated as  
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Based on (25) and (26), the efficiency of the RC-Coupler can 

be calculated, 
2

ac o
RC 2 2

p in s o

Coupler

R I

R I Z I
  


 

(27) 

which is a function of all the passive components in Fig. 9. 
Using complex arithmetic, the efficiency of RC-Coupler with 
different loads and normalized frequency is shown as Fig. 12. 

IV. LEAKAGE MAGNETIC FIELD OF RC-COUPLER 

 
In this section, finite element analysis tool is used to visualize 

and compare the magnetic field difference between different 
multiple output solutions. Three different models are built in 
Ansys Maxwell, the big transmitter coil in Fig. 1(a), the coil 
arrays with all coil activated in Fig. 1(b) and the RC-Coupler in 
this paper. For simplicity, multi-turn torus is used to replace the 
spiral coil. The big coil has three turns with radius of 300mm, 
200mm and 100mm for each turn. The small coil in the coil 
arrays has 5 turns with radius be 85mm, 79mm, 73mm, 67mm 
and 61mm. the diameter of the RC-Coupler is the same as the 
coil array, but only one of the coils is excited with current. An 
RMS current of 2A, which equivalents to one receiver charging 
at rated power, at 6.78MHz is set as excitation for all the three 
models. The Fig. 13 shows the simulated magnetic field 
distribution around each case.  

The safety limit of magnetic field density is 27µT [25]. 
Therefore, 27µT is set as the upper limit of the magnetic field 
plot and therefore the red region in simulation result indicate 
that the magnetic field strength is higher that 27µT. From the 
simulation result, the unsafe region of big coil is a cylinder with 
330mm diameter and 80mm height. For coil array, this region 
is also around all transmitter coils with a 270mm diameter and 
90mm height. For the RC-Coupler, the region is reduced to 
100mm x 90mm.  
 

V. EXPERIMENTAL VERIFICATION 

 
A. Experiment setup 

To further evaluate the performance of the proposed RC-
Coupler, a prototype has been built and tested as shown in Fig. 
14. The test setup includes a GaN based half-bridge inverter, an 
auxiliary power supply, three RC-Couplers and three receivers 
(laptop). The specifications of the system are listed in Table III.  

The RC-Coupler, shown in Fig. 3(a), is under the computer 
with a size equal to the bottom area of the laptop. The capacitor 
plates are formed by the copper layer of PCB. At receiver side, 
a full bridge Schottky diode rectifier, a Buck DC/DC converter 
and a EMI filter is designed for each receiver devices and the 
output voltage are regulated to 20V to adapt to the charging  



 

 

 
Fig. 14.   Prototype of multiple output wireless power transfer system 
using RC-Coupler, (a) System setup, (b) Details of receiver and 
inverter. 
 

TABLE V 
SYSTEM SPECIFICATIONS AND CIRCUIT PARAMETERS  

Symbol Value Symbol Value 
Vin 75V Cpp 610pF 
Vout 20V Cs 610pF 
fsw 6.78MHz Ls 1.087μH 
Po 40W × 3 GaN  GS66516T 
Lp 1.087μH   Rectifier diode VSSC8L45 

 
requirement of laptop. At primary side, a GaN half-bridge is 
designed as primary inverter shown in Fig. 14(b). The size of 
the inverter is 6cm×3cm×3cm and the two GaN devices are 
mounted at the same position but on both sides of the PCB 
board to minimize the stray inductance. With the RC-Coupler, 
the bidirectional switches in [16] are avoided and the power 
density of the inverter is increased to 2.78W/cm3 
 
B. Steady state performance  

Fig. 15 gives the measured waveforms of one receiver at 
steady state and rated power. As only one receiver is covered, 
the inverter current is the same as the coil current. According to 
the gain curve of Fig. 10, the output voltage can be regulated by  
adjusting the switching frequency. The gain as well as the 
output voltage will increase when switching frequency comes 
close to the resonant frequency.  

Fig. 16 shows the measured inverter and coil currents with 
one, two and three receivers. The RMS currents for each 
receiver are around 2A. When a receiver is moved away from 
corresponding transmitter coil, the transmitter coil is 
deactivated and the current in that coil becomes zero as 
expected. The inverter current is the sum of three transmitter 
coils and it decrease as the receiver number decreases.  

To confirm the reduction in magnetic field, measurement of  

 
Fig. 15.   Measured steady state waveforms of one receiver at rated 
power. 

 

 
Fig. 16.   Measured inverter and coil currents with one, two and three 
magnetic flux density along the surface of uncovered 
transmitter coils is conducted. A high frequency magnetic probe 
from Rohde & Schwarz (RS H400-1) is used to measure the 
magnetic flux density around the uncovered transmitter coil. 
The probe is moved along the coil surface with different 
direction to measure the horizontal as well as vertical leakage  



 

 

 
Fig. 17.   Measured magnetic flux density along the uncovered transmitter coil surface. (a) RC-Coupler, vertical field, (b) RC-Coupler, horizontal 
field; (c) UCBCP, vertical field, (d) UCBCP, horizontal field. 
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Fig. 18. Efficiency of RC-Coupler with different receivers. 

 
magnetic fields generated by transmitter coil. The measurement 
result is shown in Fig. 17. For reference, the magnetic field of 
uncovered UCBCP coils with the same output power is also 
measured [26]. The ICNIRP standard is marked as the dashed 
line in Fig. 17. It can be observed that the leakage magnetic 
field of RC-Coupler is almost the same as the background field, 
which agrees with the design and simulation result. However, 
an obvious magnetic field around UCBCP coil is observed, 
which is higher than the ICNIRP standard. 

Fig. 18 shows the measured efficiency of the prototype with 
different receivers and load percentages. The peak efficiency is 
81.42% for three receivers at rated power (120W output with 
40W for each receiver). The system efficiency decreases from 
heavy load to light load, the lowest efficiency is ~60% at 20% 
load. When the number of receivers decrease, the system 

efficiency decreases accordingly.   The   peak   efficiency   is  
76.75% for two receivers and 68.20% for one receiver. The 
measured efficiency trends agree with calculated results with a 
tiny difference, which is caused by the parasitic parameters of 
active devices. The switching loss of the primary inverter is the 
main causes of the relative low efficiency when there is only 
one receiver. The coil current is not enough to discharge the 
output capacitors of GaN devices before it is switched on, 
which can be observed from Vds curve in Fig. 15. The inverter 
is not in ZCS state when output power is lower than the 30% of 
the rated power.  
 
C. Misalignment Performance 

The misalignment performance of a wireless power transfer 
system is very important because the receiver cannot always be 
well aligned to the transmitter. Therefore, the misalignment 
performance of the proposed RC-Coupler is evaluated. As 
benchmark, the misalignment performance of classical series-
series (SS) compensated inductive power transfer topology is 
also measured and plotted together as shown in Fig. 19. The 
only difference between the RC-Coupler and benchmark SS-
compensation is the primary resonant capacitor. For RC-
Coupler, this resonant capacitor is formed by separable parallel 
plate capacitor as described in section II, and for SS-
compensation, this resonant capacitor is replaced by film 
capacitor with the same capacitance.  
 The out radius of the coil is 4.25cm, the misalignment is 
measured from 0cm to 3.5cm with a step of 0.5cm. Since the 
designed output power is 40W, two output power cases are  
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Fig. 19.   Measured Gain with different output power and misalignment, 
(a) 20W output, and (b) 40W output. 

 
chosen, 20W (half power) and 40W (full power). For SS- 
compensation, since the coil is axisymmetric, only the 
misalignment along x axis is measured. For the RC-Coupler, 
both x and y axis misalignment are measured. From Fig. 19, the 
gain of both SS-compensation and RC-Coupler decrease as 
misalignment happens. However, for misalignment lower than 
1.4cm (33% of the out radius), the gain of RC-Coupler keeps 
higher than SS-compensation. The gain curves show an 
intersection point at 33% misalignment, and after that, the gain 
of RC-Coupler becomes lower than the SS-compensation. Both 
20W case and 40W case show the same feature. This means that 
the proposed RC-Coupler has better misalignment performance 
when misalignment is less than 33% of the out radius of the coil 
and becomes worse when misalignment becomes larger.  

This can be explained as follows. The primary side resonant 
frequency is determined by the primary resonant capacitor and 
leakage inductor as described in Eq. (11). For SS-compensation, 
the Cpp is constant and Lp increase as misalignment happens. 
This leads to a decrease of resonant frequency fp. As shown in 
Fig. 20, when resonant frequency decrease and inverter 
frequency is constant at 6.78MHz, the gain of the SS-
compensation decrease as the difference between resonant 
frequency and switching frequency becomes larger. For RC-
Coupler, the decrease of resonant frequency will also cause a 
difference between resonant frequency and switching 
frequency and further cause gain decrease. However, a good 
thing for RC-Coupler is that the primary resonant capacitor Cpp 

is not constant anymore. The Cpp decrease with misalignment 
because the overlapped area between P1, P2 and P3 in Fig. 3 
decreases. According to the experiment result in Fig. 19, when 
misalignment is less than 1.4cm, the decrease of Cpp  
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Fig. 20.   Gain variation with resonant frequency. 
 
compensates the increase of Lp and makes the resonant 
frequency decreases slower than the SS-compensation. 

 

VI. CONCLUSION 

The concept of receiver controlled wireless power transfer as 
well as a novel receiver-controlled coupler (RC-Coupler) to 
realize multiple output wireless charging platform is proposed 
in this paper. The key idea of the RC-Coupler is taking 
advantage of the large bottom area of receiver to construct two 
separable capacitors that serve as both primary side resonant 
components and receiver-controlled switches. The RC-Coupler 
realized a unique feature that only those transmitter coils 
covered by receiver devices are activated. Two benefits are 
obtained by using the proposed concept and RC-Coupler. First, 
the leakage magnetic field is minimized to only around the 
specific transmitter coil that is transferring power. Second, the 
conventional active bidirectional switches as well as sensors 
and driving circuits are saved, which lowers the system cost and 
complexity and increases the power density of primary circuits. 
A 6.78MHz, GaN based inverter with a power density of 
2.78W/cm3 is designed and demonstrated. The operation 
principle as well as design considerations of the proposed RC-
Coupler is given and validated with both simulation and 
experiment results. The experiment results show that the 
separable capacitance and the proposed topology can realize 
receiver controlled wireless power transfer with a system 
efficiency of 81.42% for three receivers. The proposed RC-
Coupler can be used for wireless power transfer in MRI 
equipment. 
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