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Abstract—This paper proposes an LC-compensated electric field
repeater to extend the transfer distance of a capacitive power trans-
fer (CPT) system. The repeater contains two metal plates con-
nected with an external capacitor and an external inductor. The
plates are used to generate electric fields to transfer power. The
external inductor and capacitor are used to resonate with the plates
in order to increase the voltage levels. The repeater is placed be-
tween a transmitter and a receiver, which also contains metal plates
compensated by an LC network. The repeater can increase the
transfer distance of the CPT system without significantly influenc-
ing the system power and efficiency. In this paper, the capacitive
coupler structure and dimensions are designed and simulated using
Maxwell software. Considering all the capacitive coupling between
plates, an equivalent circuit model is derived. The fundamental
harmonics approximation method is used to analyze the working
principle of the circuit. A 150 W input power CPT system is de-
signed as an example to validate the proposed repeater structure
and compensation circuit topology. The system can achieve an ef-
ficiency of 66.9% from dc source to dc load, when the transfer
distance is 360 mm and the repeater is placed between the trans-
mitter and the receiver.

Index Terms—Capacitive power transfer (CPT), electric fields,
LC compensation, long-distance power transfer, power repeater,
wireless power transfer (WPT).

I. INTRODUCTION

W IRELESS power transfer (WPT) is an effective and con-
venient method to deliver power without direct metal-

to-metal contact. Present WPT technologies includes inductive
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power transfer (IPT) and capacitive power transfer (CPT). The
IPT system has been widely studied and used, in which mag-
netic fields are used to transfer power [1]–[4]. It has been applied
in contactless slip-ring of motor [5], mobile devices charging
[6], and high-power electric vehicles, and the efficiency can be
higher than 95% [7], [8]. However, the high-frequency magnetic
fields can induce eddy current losses in metal materials nearby,
which limit its application area.

The CPT system is an alternative option to overcome the
above drawbacks. It utilizes electric fields to transfer power,
which can encounter metal objects without generating signif-
icant power losses. Also, it uses metal plates to replace the
expensive Litz-wire typically used in an IPT coupler, which can
reduce the system cost [9].

The challenge in CPT comes from the conflict between the
transfer distance and the capacitance value. When the distance
increases to hundreds of millimeters range, the coupling capac-
itance is usually in the several pF range, which is difficult to
transfer high power. Therefore, some references focus on short
distance (<1.0 mm) applications, where the coupling capaci-
tance can reach up to tens of nF [10]–[12]. Some others propose
to increase the switching frequency to the tens of MHz. How-
ever, the system efficiency is then limited by the high-frequency
power amplifier [13]–[15].

An LCLC compensation network was proposed in [16] and
[17], which can achieve 2.4 kW power transfer over an air-
gap distance of 150 mm. An issue of this topology is that it
requires eight circuit components in the compensation network.
The coupler structure can be optimized to improve the misalign-
ment ability [18]. The CPT system can also be combined with
an IPT system to increase the total power [19].

In some applications, the transfer distance needs to be sig-
nificantly increased. This can be accomplished with a power
repeater [20]–[22]. It has been demonstrated in an IPT system,
the power transfer direction can also be controlled through the
repeater position.

In this paper, an LC-compensated electric field repeater is
proposed to extend the power transfer distance of a CPT
system [23]. Compared with [23], this paper is significantly
expanded and there are three improvements. First, Section II pro-
vides the full-capacitor model and equivalent behavior source
model of the repeater coupler, which allows a better understand-
ing of the repeater system. Second, the analysis of the circuit
working principle in Section III is improved to provide a more
accurate calculation of system power. Third, more simulation
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and experimental results are provided in Sections IV and V.
There are more design details of the prototype and discussions
of the experimental results, such as the power and efficiency re-
lationship, the power loss distribution, the repeater position vari-
ation. Finally, results are compared with nonrepeater systems.

The LC circuit is a simplification of the LCLC topology [16],
and fewer components are used for easy implementation. This
topology and the concept of the electric field repeater are also
mentioned in [24]. However, this paper has three differences
and improvements compared to [24].

First, the compensation circuit topology in this paper is differ-
ent. Previously, parasitic capacitances between adjacent plates
on the same side are used as the self-capacitances, and there
is no external capacitor connected to the coupler. Therefore,
it is strictly a simple series-compensated topology, and the
switching frequency is as high as 27.12 MHz due to the ex-
tremely small capacitance. However, the proposed system in this
paper contains external capacitors connected to the coupler to in-
crease the self-capacitances. The switching frequency is reduced
to 1.5 MHz, which is feasible for more semiconductor devices.

Second, this paper provides the solution from dc-source to
dc load. In previous references, since the switching frequency
is high, a power amplifier is usually required to supply ac ex-
citation to the resonant circuit, and the system efficiency mea-
surement does not include the power amplifier. However, the
efficiency of the power amplifier is usually very low and its
volume is very large, which limits the applications of CPT tech-
nology. In this paper, since the frequency is lower, a simple
full-bridge inverter working at soft-switching condition can be
used to realize the CPT system.

Third, this paper provides the detailed circuit working
principle and design process of the electric field repeater system.
Three pairs of metal plates are used as the power transmitter,
repeater, and receiver, respectively. For each pair of plates, an
external inductor and an external capacitor are connected in
parallel to provide resonance and thus achieve high voltages.
A 150 W input power CPT system switching at 1.5 MHz is
implemented to validate the CPT repeater. All circuit parameter
values are provided. The circuit working principle is validated
by both simulations and experiments. The experimental results
show that the transfer distance is doubled from 180 to 360 mm
with the repeater, and the dc–dc efficiency is 66.9%.

II. CAPACITIVE COUPLER DESIGN

A. Coupler Structure

Aluminum plates are used to realize the capacitive coupler.
The structure and dimensions of the capacitive coupler are pre-
sented in Fig. 1. P1 and P2 work as the transmitter, P3 and P4
are the repeater plates, and P5 and P6 work as the receiver. To
simplify the design process, the shape of the plates is square.
In practical applications, the plate shape can vary, but the to-
tal area has to be maintained to achieve large enough coupling
capacitances.

In this design, the plate size is defined as l1 . The plate sep-
aration on the same side is defined as d1 . The air-gap distance
between the transmitter and repeater is defined as d2 , and the

Fig. 1. Structure and dimensions of the capacitive coupler.

Fig. 2. Capacitances between each pair of plates.

Fig. 3. Full-capacitor model of the capacitive coupler.

air-gap distance between the repeater and receiver is defined as
d3 . The distance d1 relates to the self-coupling at each side, and
the distances d2 and d3 relate to the mutual couplings between
different sides.

B. Equivalent Circuit Model

Fig. 2 shows the capacitances between each pair of plates. All
capacitances between adjacent plates are considered. Since the
transmitter and receiver are placed far from each other and are
separated by the repeater, the four capacitances between them
(C15 , C16 , C25 , and C26) are neglected to simplify the circuit
analysis.

Fig. 3 shows the full-capacitor model of the capacitive cou-
pler. There are in total 11 capacitors considered in this de-
sign. Considering the equivalent circuit model of the four-plate
coupler in [18], the full-capacitor model can be separated into
two parts, as shown in Fig. 3. The equivalent models of the
left and right parts can be derived separately using Kirchhoff’s
Current Law (KCL) equations as shown in [18]. Therefore, the
equivalent behavior source model and π model of the capacitive
coupler with a repeater are shown in Figs. 4 and 5, respectively.
The relationships between the parameters are further shown in
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Fig. 4. Behavior source model of the capacitive coupler.

Fig. 5. Equivalent π model of the capacitive coupler.

the following equation:
⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

Cin1 = C12 +
(C13 + C14) · (C23 + C24)
C13 + C14 + C23 + C24

Cin2 = C34 +
(C13 + C23) · (C14 + C24)
C13 + C14 + C23 + C24

+
(C35 + C45) · (C36 + C46)
C35 + C45 + C36 + C46

Cin3 = C56 +
(C35 + C36) · (C45 + C46)
C35 + C45 + C36 + C46

CM 1 =
C24C13 − C14C23

C13 + C14 + C23 + C24

CM 2 =
C46C35 − C45C36

C35 + C45 + C36 + C46

. (1)

According to the behavior source model in Fig. 4, the capac-
itances Cin1 , Cin2 , and Cin3 represent the capacitances at the
same port, and so are defined as self-capacitances. The capaci-
tances CM 1 and CM 2 represent the interaction with other ports,
and so are defined as mutual capacitances.

C. Maxwell Simulation

Maxwell software can be used to simulate the electric field
distribution and the coupling capacitances for different dimen-
sions. The simulation results can provide the coupling capaci-
tances between each pair of plates as shown in Fig. 2. Then, (1)
is used to determine the equivalent capacitances.

The metal plates are chosen to be square and identical to
simplify the dimension design process. The plate geometry is
selected according to the aluminum plates available in the lab.
The plate length l1 is set to be 300 mm. Also, considering the
fixture size available in the lab, the plate distance d1 is 150 mm.
The total air-gap distance is fixed to d2 + d3 = 360 mm as
a design example. Maxwell three-dimensional simulations are
used to find the relationship between d2 and the coupling ca-
pacitances.

Fig. 6 shows the Maxwell simulation results of the mutual ca-
pacitance over a range of d2 values. It shows that CM 1 decreases

Fig. 6. Maxwell simulation of mutual capacitances at different d2 .

Fig. 7. Maxwell simulation of self-capacitances at different d2 .

Fig. 8. Circuit topology of an LC-compensated electric fields repeater system.

with increasing d2 , and CM 2 increases with increasing d2 . Fig. 7
shows the simulation results of the self-capacitance over a range
of d2 values. When the repeater is in the middle of the trans-
mitter and receiver (d2 = 180 mm), CM 1 = CM 2 = 2.8 pF,
Cin1 = Cin3 = 8.1 pF, and Cin2 = 10.9 pF. With these
dimensions, the coupler is symmetric between the transmitter
and receiver.

III. CIRCUIT WORKING PRINCIPLE

A. Circuit Topology

The circuit topology of an LC-compensated electric field re-
peater system is shown in Fig. 8. At the transmitter side, a full-
bridge inverter is used to provide ac excitation. At the receiver
side, an uncontrolled rectifier is used to supply dc current to the
output battery load. For each pair of plates, an external inductor
and an external capacitor are connected to provide resonances.
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Fig. 9. Equivalent circuit model of the electric fields repeater system.

The capacitive coupler is represented by its equivalent π
model in Fig. 5, which results in the equivalent circuit model
of the electric field repeater system as shown in Fig. 9. The
external capacitors are combined with the self-capacitances of
the coupler. The equivalent resonant capacitors are defined as

⎧
⎪⎨

⎪⎩

C1 = Cex1 + Cin1

C2 = Cex2 + Cin2

C3 = Cex3 + Cin3

. (2)

B. Working Principle

The fundamental harmonics approximation (FHA) can be
used to analyze the circuit working principle, which is shown in
Fig. 10. The input and output square-wave voltages are repre-
sented by two sinusoidal sources, and the high-order harmonics
components are neglected. To simplify the analysis, the power
losses in the circuit components are also neglected, which results
in the assumption Pin = Pout . The simplified circuit topology
is shown in Fig. 10(a).

Fig. 10(b) shows the resonant circuit excited by the input
soure V1 . The system parameters can be designed to achieve the
desired resonance highlighted in Fig. 10(b). The input current
flowing through L1 is zero. If the resonant frequency is designed
to be ωc , the relationship between the circuit parameters can be
expressed as

L3 ·
⎛

⎝C3 − C2
M 2

C2 − 1
ω 2

c L2
− C 2

M 1
C1

⎞

⎠ =
1
ω2

c

. (3)

This can be further rewritten as

C3 − 1
ω2

c L3
=

C2
M 2

C2 − 1
ω 2

c L2
− C 2

M 1
C1

. (4)

In Fig. 10(b), the voltage on L2 is expressed as

VL2 =
C1

CM 1
· V1 . (5)

The voltage on L3 is expressed as

VL3 =
CM 2

C3 − 1
ω 2

c L3

· VL2 . (6)

Fig. 10. Fundamental harmonics approximation (FHA) of an LC-
Compensated electric fields repeater system. (a) Simplified resonant circuit
model. (b) Components excited by input source. (c) Components excited by
output source.

Then, the current IL3 flowing through L3 is expressed as

IL3 = − C1

CM 1
· CM 2

C3 − 1
ω 2

c L3

· 1
jωcL3

· V1 . (7)

Considering the resonance in (4), IL3 is further rewritten as

IL3 =
jωcC1C2C3

CM 1CM 2
·
(

1 − 1
ω2

c L2C2
− C2

M 1

C1C2
− C2

M 2

C2C3

)

· V1 .

(8)
Fig. 10(c) shows the resonant circuit excited by the output

source V2 . Similar to the previous condition, the parameters
are designed to achieve the highlighted resonance in Fig. 10(c).
The output current flowing through L3 is zero. The parameter
relationship is expressed as

L1 ·
⎛

⎝C1 − C2
M 1

C2 − 1
ω 2

c L2
− C 2

M 2
C3

⎞

⎠ =
1
ω2

c

. (9)

It is further rewritten as

C1 − 1
ω2

c L1
=

C2
M 1

C2 − 1
ω 2

c L2
− C 2

M 2
C3

. (10)

In Fig. 10(c), the voltage on L2 is expressed as

VL2 =
C3

CM 2
· V3 . (11)
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The voltage on L1 is expressed as

VL1 =
CM 1

C1 − 1
ω 2

c L1

· VL2 . (12)

Then, the current IL1 flowing through L1 is expressed as

IL1 = − CM 1

C1 − 1
ω 2

c L1

· C3

CM 2
· 1
jωcL1

· V3 . (13)

Considering the resonance in (10), IL1 is further rewritten as

IL1 =
jωcC1C2C3

CM 1CM 2
·
(

1 − 1
ω2

c L2C2
− C2

M 1

C1C2
− C2

M 2

C2C3

)

· V3 .

(14)
Since an uncontrolled rectifier is used at the secondary side, V3
is in phase with (−IL3). The current in (8) shows that IL3 is 90°
leading V1 , and (14) shows IL1 is 90° leading V3 . Then, V1 is
also in phase with IL1 . Therefore, the input and output power
Pin and Pout are calculated as

Pin = Pout =
ωcC1C2C3

CM 1CM 2
·
(

1 − 1
ω2

c L2C2

− C2
M 1

C1C2
− C2

M 2

C2C3

)

· |V1 | · |V3 | . (15)

This shows that the input power is equal to the output power,
which agrees with the previous assumption of neglecting the
power loss in components.

In this repeater system, the capacitive coupling coefficient
kC 1 and kC 2 are defined as

kC 1 =
CM 1√
C1 · C2

, kC 2 =
CM 2√
C2 · C3

. (16)

In a symmetric system, all the metal plates are designed to be
identical. The repeater is placed in the middle of the transmitter
and receiver, and CM is defined as CM = CM 1 = CM 2 . The
circuit parameters are also designed to be symmetric, which
satisfy L1 = L3 and C1 = C3 , resulting kC = kC 1 = kC 2 .

Then, the resonances in (4) and (10) can be simplified as

C1 − 1
ω2

c L1
= C3 − 1

ω2
c L3

=
C2

M

C2 − 1
ω 2

c L2
− C 2

M

C3

=
C2

M

C2 − 1
ω 2

c L2
− C 2

M

C1

. (17)

In a symmetric system, the parameters can be designed as
⎧
⎪⎨

⎪⎩

CM = C1 − 1
ω 2

c L1
= C3 − 1

ω2
c L3

CM = C2 − 1
ω 2

c L2
− C 2

M

C1

. (18)

By substituting (18) into (15), the system power is simplified as

Pout =
ωcC1 · (C1 − CM )

CM
· |V1 | · |V3 | . (19)

Usually, the capacitances can be designed to satisfy C1 ≈ C2
and C1 � CM . Then, (20) can be further simplified as

Pout ≈ ωcCM

k2
C

· |V1 | · |V3 | . (20)

TABLE I
SYSTEM SPECIFICATIONS AND CIRCUIT PARAMETERS

Parameter Design Value Parameter Design Value

V in 60 V Vo u t 60 V
l1 300 mm d1 150 mm
d2 180 mm d3 180 mm
C in 1 (C in3 ) 8.1 pF C in3 10.9 pF
CM 1 (CM 2 ) 2.8 pF C e x 1 (C e x 2 , C e x 3 ) 120 pF
C1 (C3 ) 128.1 pF C2 130.9 pF
L1 (L3 ) 89.8 μH L2 87.5 μH
kC 2.19% fsw 1.5 MHz

IV. 150 W INPUT POWER SYSTEM

In this section, a 150 W input power CPT system with an
electric field repeater is designed and simulated. The system
specifications and parameters are shown in Table I. The dimen-
sions and capacitances of the capacitive coupler are obtained
from the coupler design in Section II, and the remaining cir-
cuit parameters are obtained from the analytical calculation in
Section III.

In this design, the parameters are designed to be symmetric.
The input and output dc voltages Vin and Vout are set to be
60 V, and the switching frequency fsw is set to be 1.5 MHz. The
plate side length is 300 mm, the air-gap distance is 180 mm,
and the total transfer distance is 360 mm, resulting in a coupling
capacitance CM of 2.8 pF. In a symmetric system, C1 = C3 ,
L1 = L3 , and kC = kC 1 = kC 2 . According to the system
power in (19), C1 can be calculated. Then, considering the film
capacitors available in the lab, the external capacitances Cex1 ,
Cex2 , and Cex3 are selected to be 120 pF, and the capacitive cou-
pling coefficient kC is calculated to be 2.19%. Then, according
to the resonances in (18), the inductances L1 , L2 , and L3 are
determined.

Based on the circuit parameters in Table I, LTspice is used to
simulate the circuit performance of the designed CPT system.
For simplicity, the power losses of circuit components are not
considered in the simulation. The system power is simulated
to be 150 W, which agrees with the calculation by the power
equation (19) and validates the circuit analysis in Section III.

Fig. 11 shows the simulated waveforms of the input and output
voltage and current. Considering the direction of the current
IL3 in Fig. 8, the output current is defined to be (−IL3). This
indicates that the voltage and current are in phase with each
other at both the input and output sides. Moreover, the input
voltage V1 is leading the output voltage V3 by 90°, which also
validates the circuit analysis in Section III.

V. EXPERIMENTS

A. Experimental Setup

Using the parameters in Table I, a prototype of the elec-
tric field repeater system is constructed as shown in Fig. 12.
Six identical aluminum plates are used to form the capacitive
coupler with a repeater. The thickness of the aluminum plates
is 2 mm, and the plates are installed on fixtures made from
wood. The repeater plates are placed between the transmitter and
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Fig. 11. LTspice-simulated input and output voltage and current waveforms.

Fig. 12. Experimental prototype of the electric fields repeater system.

receiver. The relative position between the plates is adjustable.
The parasitic capacitances between the plates and nearby metal
can affect the resonances in the circuit. Therefore, the ambient
area around the plates is kept clear to eliminate these potential
influences. Further research in [25] shows that two shielding
plates can help to reduce the interaction between the plates and
the nearby metals. In future research, it is a good direction to
investigate the parasitic capacitances and their influence on the
circuit.

External inductors and capacitors are connected with the
plates to provide resonances. In Fig. 12, the inductors are placed
far from each other to avoid any inductive coupling between
them, and so there are only capacitive couplings in this proto-
type. The inductors are made from 2175-strand AWG 46 Litz-
wire to reduce the conduction losses due to the skin effect in
the wires. Also, the inductors have air cores to eliminate the
magnetic losses. High-frequency film capacitors from KEMET
with a low dissipation factor are used as the external capacitors.

At the input side, a full-bridge inverter with silicon carbide
(SiC) MOSFETs (C2M0080120 D) provides ac excitation. A
digital controller TMS320 F28335 is used to generate pulse-
width modulation (PWM) signals to drive the MOSFETs in the

Fig. 13. Experimental results of the electric fields repeater system. (a) Wave-
forms of input and output voltages and currents. Ch 1(blue): output current IL 3 ;
Ch 2 (red): input voltage V1 ; Ch 3 (green): inversed output voltage (−V3 ); Ch 4
(pink): input current IL 1 . (b) Output power and efficiency.

inverter. There is a dead time between the PWM signals, which
relates to the soft switching of MOSFETs [26]. The parasitic ca-
pacitances of the MOSFETs are charged and discharged during
the dead time. In this 1.5 MHz system, the dead time is designed
to be 40 ns to realize soft switching of the MOSFETs. At the
output side, SiC diodes (IDW30 G65 C) are used in the rectifier,
and an electronic dc load is used to emulate a battery load.

B. Experimental Results

In the experiments, all the inductors and capacitors are tuned
to the parameter values in Table I. The simulation results in
Fig. 11 show that the input voltage V1 and current IL1 are in
phase. However, considering the soft switching of MOSFETs in
a practical full-bridge inverter, IL1 should be slightly lagging V1
to achieve zero-voltage-switching (ZVS) of the MOSFETs [26].
In this design, the inductor L1 is increased by 2% to 91.5 μH to
achieve ZVS. With these parameters, the experimental results
are shown in Fig. 13.

Fig. 13(a) provides the experimental waveforms of the input
and output voltages and currents. The input voltage V1 is mea-
sured by Channel 2, and the input current IL1 is measured by
Channel 4. It shows that IL1 is slightly lagging input voltage
V1 , which helps to achieve the ZVS condition for the MOS-
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Fig. 14. Estimated power loss distribution among the circuit components.

FETs. The output voltage V3 is measured by Channel 3, and the
measurement signal is inversed in the oscilloscope, resulting
in (−V3) shown in Fig. 13(a). The output current IL3 is mea-
sured by Channel 1 and the noise in the signal is caused by the
low bandwidth of the current probe. In future experiments, the
measurement noise can be reduced by better probes. The mea-
surements of signals are also labeled in Fig. 13(a). It shows that
(−V3) is in phase with −IL3 , and (−V3) is leading V1 by 90°,
which is consistent with the simulated waveforms in Fig. 11.

In Fig. 13(b), the system input power is 157.4 W and the
output power is 105.3 W, which results in a power loss of 52.1 W
and a dc–dc efficiency of 66.9% from the dc source to the dc
load.

Fig. 14 provides the estimated power loss distribution among
circuit components. The calculation of power loss can follow the
steps in [7]. The parasitic resistances of the circuit components,
including inductors, capacitors, and MOSFETs, can be obtained
from their datasheets. The forward voltage of the diodes in
the rectifier can also be acquired from the datasheet. Using
the simulated currents flowing through the components, their
power loss is therefore estimated. Since the ZVS condition is
realized for MOSFETs, switching loss can be neglected. The
experimental total loss is 52.1 W in Fig. 13(b), and the remaining
loss is assumed to be in the metal plates. In future research,
the loss in the plates will be modeled and verified using finite
element analysis method.

Similar to an IPT system [27], Lu et al. in [28] show that the
CPT system efficiency also relates to the capacitive coupling co-
efficient and components’ quality facotrs. In this long-distance
CPT system, the mutual capacitance is only 2.8 pF and the
capacitive coupling coefficient is 2.19%, and so the system ef-
ficiency is relative low.

According to the definition of the coupling coefficient in (16),
either increasing the mutual capacitance or decreasing the self-
capacitances can help to increase the coupling coefficient. In this
design, reducing the transfer distance and increasing the plate
size can help to increase the mutual capacitance. According to
(2), the external capacitances can be reduced to reduce the self-
capacitances. However, according to the resonance relationship
in (18), this requires to increasing the switching frequency ωc or
the compensation inductances. Considering the limitation of ωc ,

Fig. 15. Experimental dc–dc efficiency at different output power.

Fig. 16. Experimental output power and efficiency at different d2 . (a) Output
power and (b) dc–dc efficiency.

the plate size, and the inductor size, future designs will include
all these tradeoffs.

The system dc–dc efficiency was measured at different
power level, as shown in Fig. 15. This indicates that the
system efficiency increases with output power, and it is getting
saturated when the output power is high. After the output power
reaches 10 W, the system maintains an efficiency higher than
62%. According to [28], the system efficiency can be improved
by increasing the capacitive coupling coefficient and the
components’ quality factor. For example, better film capacitors
with lower dissipation factor can be used as the compensation
capacitors.

In a practical applications, the relative position between the
repeater and the transmitter can change, which means the air-
gap distance d2 varies. The corresponding system power and
efficiency are measured as shown in Fig. 16.

Fig. 16 shows that the middle position is the best location,
because the resonances in the circuit, as shown in (4) and
(10), are satisfied. When d2 is reduced to be smaller than
180 mm, the soft-switching condition of MOSFETs cannot be
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realized, and so the system power and efficiency decreases.
When d2 increases to be larger than 180 mm, the soft-switching
condition is still achieved. However, the reactive power sig-
nificantly increases, which also reduces the output power and
efficiency. Therefore, the prototype achieves maximum output
power and efficiency when the repeater is placed in the middle
of the transmitter and receiver. In future research, the influence
of position variation on system performance will be studied, and
the analytical formulation will be provided.

C. Discussion: Comparisons With Nonrepeater Systems

Lu et al. in [28] introduces a 180 mm distance LC-
compensated CPT system without any repeater. Compared with
the repeater system in this paper, they have the same geometry
of transmitter and receiver plates, the same compensation ca-
pacitors, similar compensation inductors, and similar input and
output voltages. However, the transfer distance in [28] is only
180 mm, which is half of this repeater system. Experiments
show that the power level of these two systems is similar and
the 180 mm nonrepeater system can transfer 109.3 W power with
a dc–dc efficiency of 74.7%. Therefore, compared to a 180 mm
nonrepeater system, one can conclude that a repeater system can
double the transfer distance without affecting the system power,
but the dc–dc efficiency drops by approximately 7.8%.

A 360 mm distance LC-compensated nonrepeater system is
constructed as another comparison, in which the repeater is re-
moved and the distance between the transmitter and receiver
remains at 360 mm. Compared with the repeater system in this
paper, they also have the same input and output votlages and
the same compensation components. Since the transfer distance
is 360 mm, both the mutual capacitance CM and the coupling
coefficient decreases. According to [28], the power of an LC-
compensated system is inversely proportional to CM , so the
system power is increased. However, the system efficiency is de-
creased because of lower coupling coefficient. Experiments are
conducted to validate the analysis. At the same input and output
votlages, experiments show that the 360 mm nonrepeater system
achieves 305.2 W input power and 168.0 W output power with a
dc–dc efficiency of 55.0%. Therefore, compared with a 360 mm
nonrepeater system, one can conclude that a repeater system can
increase the dc–dc efficiency by approximately 11.9%, but the
system power is reduced.

A general conclusion can be summarized for the LC-
compensated repeater system. Compared to a short-distance
nonrepeater system, the repeater system can increase the trans-
fer distance at the expense of reduced efficiency; compared to
a long-distance nonrepeater system, the repeater system can
increase the system efficiency at the expense of reduced power.

In future research, different compensation topologies, such
as LCLC circuit, will be applied to the repeater system to in-
crease the system power and improve its efficiency, as indicated
in [28].

VI. CONCLUSION

This paper proposes an electric field repeater to extend the
transfer distance of the CPT system. The circuit model of the

capacitive coupler is proposed, with which the FHA is used to
analyze the circuit working principle. A 150 W input power pro-
totype is designed and implemented. The distance between the
transmitter and receiver is 360 mm, and the repeater is placed in
the middle of them. Experimental results show that the system
dc–dc efficiency reaches 66.9%. In future research, there are
several interesting directions to investigate, such as the influ-
ence of parasitic capacitances with nearby metals, the accurate
modeling of plate loss, the improvement of system efficiency,
the analytical formulation of the influences of repeater position
variation, and the compensation circuit topologies in a repeater
system.

REFERENCES

[1] S. H. Lee, B. S. Lee, and J. H. Lee, “A new design methodology for a
300-kW, low flux density, large air gap, online wireless power transfer
system,” IEEE Trans. Ind. Appl. vol. 52, no. 5, pp. 4234–4242, Sep./Oct.
2016.

[2] M. Etemadrezaei and S. M. Lukic, “Multilayer tubular conductor for high
Q-Factor wireless power transfer system resonators,” IEEE Trans. Ind.
Appl. vol. 52, no. 5, pp. 4170–4178, Sep./Oct. 2016.

[3] Y. Zhang, Z. Zhao, and K. Chen, “Frequency-splitting analysis of four-coil
resonant wireless power transfer,” IEEE Trans. Ind. Appl. vol. 50, no. 4,
pp. 2436–2445, Jul./Aug. 2014.

[4] S. R. Cove and M. Ordonez, “Wireless-power-transfer planar spiral wind-
ing design applying track width ratio,” IEEE Trans. Ind. Appl. vol. 51,
no. 3, pp. 2423–2433, May/Jun. 2015.

[5] A. Abdolkhani, A. P. Hu, G. A. Covic, and M. Moridnejad, “Through-
hole contactless slipring system based on rotating magnetic field for ro-
tary applications,” IEEE Trans. Ind. Appl. vol. 50, no. 6, pp. 3466–3655,
Nov./Dec. 2014.

[6] C. Park, S. Lee, G. H. Cho, S. Y. Choi, and C. T. Rim, “Two-dimensional
inductive power transfer system for mobile robots using evenly displaced
multiple pickups,” IEEE Trans. Ind. Appl. vol. 50, no. 1, pp. 558–565,
Jan./Feb. 2014.

[7] F. Lu, H. Zhang, H. Hofmann, and C. Mi, “A high efficiency 3.3 kW
Loosely-Coupled wireless power transfer system without magnetic mate-
rial,” in Proc. IEEE Energy Convers. Cong. Expo., 2015, pp. 2282–2286.

[8] J. Deng, F. Lu, S. Li, T. Nguyen, and C. Mi, “Development of a high
efficiency primary side controlled 7kW wireless power charger,” in Proc.
IEEE Int. Elect. Veh. Conf., 2014, pp. 1–6.

[9] L. Huang, A. P. Hu, and A. Swain, “A resonant compensation method
for improving the performance of capacitively coupled power transfer,” in
Proc. IEEE Energy Convers. Cong. Expo., 2014, pp. 870–875.

[10] J. Dai and D. Ludois, “A survey of wireless power transfer and a critical
comparison of inductive and capacitive coupling for small gap applica-
tions,” IEEE Trans. Power Electron., vol. 30, no. 11, pp. 6017–6029, Nov.
2015.

[11] J. Dai and D. Ludois, “Wireless electric vehicle charging via capacitive
power transfer through a conformal bumper,” IEEE J. Emerg. Sel. Topics
Power Electron., vol. 4, no. 3, pp. 1015–1025, Sep. 2016.

[12] D. C. Ludois, M. J. Erickson, and J. K. Reed, “Aerodynamic fluid bearings
for translational and rotating capacitors in noncontact capacitive power
transfer systems,” IEEE Trans. Ind. Appl., vol. 50, no. 2, pp. 1025–1033,
Mar./Apr. 2014.

[13] L. Huang, A. P. Hu, A. Swain, and X. Dai, “Comparison of two high
frequency converters for capacitive power transfer,” in Proc. IEEE Energy
Convers. Cong. Expo., 2014, pp. 5437–5443.

[14] S. H. Lee and R. D. Lorenz, “Development and validation of model for
95%-efficiency 220-W wireless power transfer over a 30-cm air gap,”
IEEE Trans. Ind. Appl., vol. 47, no. 6, pp. 2495–2504, Nov./Dec. 2011.

[15] S. Aldhaher, P. C. Luk, A. Bati, and J. F. Whidborne, “Wireless power
transfer using class E inverter with saturable DC-feed inductor,” IEEE
Trans. Ind. Appl., vol. 50, no. 4, pp. 2710–2718, Jul./Aug. 2014.

[16] F. Lu, H. Zhang, H. Hofmann, and C. Mi, “A double-sided LCLC-
compensated capacitive power transfer system for electric vehicle charg-
ing,” IEEE Trans. Power Electron., vol. 30, no. 11, pp. 6011–6014, Nov.
2015.

[17] F. Lu, H. Zhang, H. Hofmann, and C. Mi, “A CLLC-compensated high
power and large air-gap capacitive power transfer system for electric ve-



4922 IEEE TRANSACTIONS ON INDUSTRY APPLICATIONS, VOL. 53, NO. 5, SEPTEMBER/OCTOBER 2017

hicle charging application,” in Proc. IEEE Appl. Power Electron. Conf.,
2016, pp. 1721–1725.

[18] H. Zhang, F. Lu, H. Hofmann, and C. Mi, “A 4-Plate compact capaci-
tive coupler design and LCL-compensated topology for capacitive power
transfer in electric vehicle charging applications,” IEEE Trans. Power
Electron., vol. 31, no. 12, pp. 8541–8551, 2016.

[19] F. Lu, H. Zhang, H. Hofmann, and C. Mi, “An inductive and capacitive
combined wireless power transfer system with LC-Compensated topol-
ogy,” IEEE Trans. Power Electron., vol. 31, no. 12, pp. 8471–8482, Dec.
2016.

[20] C. K. Lee, W. X. Zhong, and S. Y. Hui, “Recent progress in Mid-Range
wireless power transfer,” in Proc. IEEE Energy Convers. Cong. Expo.,
2012, pp. 3819–3824.

[21] W. X. Zhong, C. K. Lee, and S. Y. Hui, “General analysis on the use of
Tesla’s resonators in domino forms for wireless power transfer,” IEEE
Trans. Power Electron., vol. 60, no. 1, pp. 261–270, Jan. 2013.

[22] K. E. Koh, T. C. Beh, T. Imura, and Y. Hori, “Impedance matching
and power division using impedance inverter for wireless power trans-
fer via magnetic resonant coupling,” IEEE Trans. Ind. Appl. vol. 50, no. 3,
pp. 2061–2070, May/Jun. 2014.

[23] H. Zhang, F. Lu, H. Hofmann, W. Liu, and C. Mi, “An LC Compensated
electric field repeater for long distance capacitive power transfer,” in Proc.
IEEE Energy Convers. Cong. Expo., 2016, pp. 1–5.

[24] M. kusunoki, D. Obara, and M. Masuda, “Wireless power transfer via
electric field resonance coupling,” in Proc. IEEE Asia-Pacific Microw.
Conf., 2014, pp. 1360–1362.

[25] H. Zhang, F. Lu, H. Hofmann, and C. Mi, “A six-plate capacitive coupler
to reduce electric field emission in large air-gap capacitive power transfer,”
IEEE Trans. Power Electron., to be published. doi: 10.1109/TPEL.2017.

[26] S. Li, W. Li, J. Deng, T. D. Nguyen, and C. Mi, “A Double-Sided LCC
compensation network and its tuning method for wireless power transfer,”
IEEE Trans. Veh. Tech., vol. 64, no. 6, pp. 2261–2273, Jun. 2015.

[27] S. Li and C. Mi, “Wireless power transfer for electric vehicle applications,”
IEEE J. Emerg. Sel. Topics Power Electron., vol. 3, no. 1, pp. 4–17, Mar.
2015.

[28] F. Lu, H. Zhang, H. Hofmann, and C. Mi, “An double-sided LC compen-
sation circuit for loosely-coupled capacitive power transfer,” IEEE Trans.
Power Electron., to be published. doi: 10.1109/TPEL.2017.2674688.

Hua Zhang (S’14) received the B.S. and M.S. de-
grees in electrical engineering from Northwestern
Polytechnical University, Xi’an, China, in 2011 and
2014, respectively, and where she is currently work-
ing toward the Ph.D. degree in electrical engineering.

From September 2014 to August 2015, she was
a joint Ph.D. student founded by the China Scholar-
ship Council with the University of Michigan, Dear-
born, MI, USA. From September 2015, she joined
San Diego State University, San Diego, CA, USA.
Her research interests include the coupler design of

high-power inductive power transfer and capacitive power transfer systems.

Fei Lu (S’12) received the B.S. and M.S. degrees
in electrical engineering from the Harbin Institute of
Technology, Harbin, China, in 2010 and 2012, respec-
tively, and the Ph.D. degree in electrical engineering
from the University of Michigan, Ann Arbor, MI,
USA, in 2017.

He is currently working as a Postdoctoral Re-
searcher with San Diego State University, San Diego,
CA, USA. His research interests include wireless
power transfer for the application of electric vehi-
cle charging. He is working on the high power and

high-efficiency capacitive power transfer through an air-gap distance up to 100’s
of millimeters. He is also working on the application of wide band-gap devices
on wireless power transfer system to increase the system frequency.

Heath Hofmann (M’89–SM’15) received the B.S.
degree in electrical engineering from the University
of Texas at Austin, Austin, TX, USA, in 1992, and the
M.S. and Ph.D. degrees in electrical engineering and
computer science from the University of California,
Berkeley, CA, USA, in 1997 and 1998, respectively.

He is currently an Associate Professor with the
University of Michigan, Ann Arbor, MI, USA. His
research interests include the design, analysis, and
control of electromechanical systems, and power
electronics.

Weiguo Liu (SM’07) received the B.S. degree in
electrical machines engineering from the Huazhong
University of Science and Technology, Wuhan,
China, in 1982, and the M.S. degree in electrical en-
gineering and the Ph.D. degree in control theory and
control engineering from Northwestern Polytechnical
University, Xi’an, China, in 1988 and 1999, respec-
tively.

He is a Professor with the Department of Electrical
Engineering, Northwestern Polytechnical University,
and a Guest Professor with the University of Federal

Defense, Munich, Germany. He is the Director of the Institute of Rare Earth
Permanent Magnet Electrical Machines and Control Technology, Northwestern
Polytechnical University. His research interests include brushless dc machines,
PM synchronous machines, dc machines, and induction machines.

Prof. Liu was the Chairman of the Organizing Committee of the 32nd Chi-
nese Control Conference, July 2013, Xi’an.

Chunting Chris Mi (S’00–A’01–M’01–SM’03–
F’12) received the B.S.E.E. and M.S.E.E. degrees in
electrical engineering from Northwestern Polytechni-
cal University, Xi’an, China, and the Ph.D. degree in
electrical engineering from the University of Toronto,
Toronto, ON, Canada, in 1985, 1988, and 2001,
respectively.

He is a Professor and Chair of electrical and com-
puter engineering, and the Director of the Department
of Energy (DOE)-funded Graduate Automotive Tech-
nology Education (GATE) Center for Electric Drive

Transportation with San Diego State University (SDS), San Diego, CA, USA.
Prior to joining SDSU, he was at with University of Michigan, Dearborn, MI,
USA, from 2001 to 2015. He was the President and the Chief Technical Of-
ficer of 1Power Solutions, Inc., Cupertino, CA, from 2008 to 2011. He is the
Co-Founder of Gannon Motors and Controls LLC, San Diego, and Mia Motors,
Inc. San Diego. His research interests include electric drives, power electronics,
electric machines, renewable-energy systems, and electrical and hybrid vehicles.
He has conducted extensive research and has published more than 100 journal
papers. He has taught tutorials and seminars on the subject of Hybrid Electric
Vehicle (HEVs)/Plug-in Hybrid Electric Vehicle (PHEVs) for the Society of
Automotive Engineers (SAE), the IEEE, workshops sponsored by the National
Science Foundation (NSF), and the National Society of Professional Engineers.
He has delivered courses to major automotive Original Equipment Manufacture
(OEMs) and suppliers, including GM, Ford, Chrysler, Honda, Hyundai, Tyco
Electronics, A&D Technology, Johnson Controls, Quantum Technology, Del-
phi, and the European Ph.D School. He has offered tutorials in many countries,
including the U.S., China, Korea, Singapore, Italy, France, and Mexico. He has
published more than 100 articles, and has delivered 30 invited talks and keynote
speeches. He has also served as a panelist at major IEEE and SAE conferences.

Dr. Mi received the Distinguished Teaching Award and the Distinguished
Research Award from the University of Michigan. He also received the 2007
IEEE Region 4 Outstanding Engineer Award, the IEEE Southeastern Michigan
Section Outstanding Professional Award, and the SAE Environmental Excel-
lence in Transportation (E2T) Award.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


