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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

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. P, and P work as the transmitter, P; and P
are the repeater plates, and P; and FP; 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 [;. The plate sep-
aration on the same side is defined as d;. The air-gap distance
between the transmitter and repeater is defined as do, and the
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Fig. 1. Structure and dimensions of the capacitive coupler.
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Fig. 3.  Full-capacitor model of the capacitive coupler.

air-gap distance between the repeater and receiver is defined as
ds. The distance d; relates to the self-coupling at each side, and
the distances ds 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
(Cy5, Chg, Cas, and Cyg) 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 ™ 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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the following equation:

(C13 + Chy) - (Coz + Cay)
C13 + Cry + Co3 + Coy
(Chz + Ca3) - (Cha + Cay)
Ci3 4+ Cra + Coz + Coy
I (C35 + Cys) - (C36 + Cyg)
Cs5 + Cy5 + C36 + Cis
(C35 + C36) - (Cus + Cyg)
Cs5 4 Cys + Cs6 + Cig
C4C13 — C14Co3
Ci3 + Ciy + Coz + Coy
Cy6C35 — Cy5C36
Cs5 + Cy5 4+ C36 + Cis
According to the behavior source model in Fig. 4, the capac-
itances Ci,1, Cino, and Ciy3 represent the capacitances at the
same port, and so are defined as self-capacitances. The capaci-

tances Cy1 and C)- represent the interaction with other ports,
and so are defined as mutual capacitances.

Cin1 = Ci2 +

Cinz = C34 +

()
Cinz = Csg +

Cu1 =

Cua =

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 [; is set to be 300 mm. Also, considering the
fixture size available in the lab, the plate distance d; is 150 mm.
The total air-gap distance is fixed to ds + 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 arange of d values. It shows that C'y;; decreases
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Fig. 7. Maxwell simulation of self-capacitances at different ds.

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

with increasing ds, and C)s - increases with increasing ds. Fig. 7
shows the simulation results of the self-capacitance over a range
of dy values. When the repeater is in the middle of the trans-
mitter and receiver (do = 180 mm),Cy;; = Cyo = 2.8 pF,
Ciy1 = Cis = 8.1 pF, and Ci,» = 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 7
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 + Cinn
CZ = CCX2 + Cin? . (2)
C3 = Cex3 + Cin?)

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 P, = P, ;. The simplified circuit topology
is shown in Fig. 10(a).

Fig. 10(b) shows the resonant circuit excited by the input
soure V7. The system parameters can be designed to achieve the
desired resonance highlighted in Fig. 10(b). The input current
flowing through L; is zero. If the resonant frequency is designed
to be we, the relationship between the circuit parameters can be
expressed as

Cira 1
Ly-| Cs — ; o | = o2 3)
Co — iy — 22

This can be further rewritten as

1 Cira
< —. 4
a7 @

- =
w?Ls _ 1 Y
¢ Cy WZL, C

C3

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

Gy
Vie=—— V1. 5
2= =W ®)
The voltage on L3 is expressed as
Ch
Vig = # Vi, (6)
03 - A;.)?Lg
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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. (¢) Components excited by
output source.

Then, the current I 3 flowing through L3 is expressed as

O Cuo 1

Iy =——- W ™)
ks Cyv1 C3— wle JweLs
Considering the resonance in (4), I3 is further rewritten as
- jwcCHCgCg 1 C%Jl C]2\12
Iy=—+—"(1-— — — V1.
Cr1Cara wiloCy  C1Cy  CyCs

Fig. 10(c) shows the resonant circuit excited by the output
source V5. 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

3 1
Ly | C) — 1*"[1 o2 =—. )
02 - UJ?LQ - 0‘7’32 w(;
It is further rewritten as
1 c3,
C, — Sy 11‘“ e (10)
“#h - iy -
In Fig. 10(c), the voltage on L, is expressed as
C:
Vig = = V4. (1D
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The voltage on L is expressed as

Ch
Vit = ————Vio. (12)
Cl Wl
Then, the current I, flowing through L, is expressed as
Ch C 1
Iy = ——— : Vi (13)

Ci— = Cuz jwels
Considering the resonance in (10), I1; is further rewritten as

JweC1CC3 < 1 G Cip > Vi
Crv1Cuo WiloCy  C1Cy (3 (1;;

Since an uncontrolled rectifier is used at the secondary side, V3
is in phase with (—113). The current in (8) shows that I 3 is 90°
leading Vi, and (14) shows I is 90° leading V5. Then, V] is
also in phase with I . Therefore, the input and output power
P, and P,,; are calculated as

It =

P =P = w.C1CyC5 ) <1 _— 1
Cr1Chara w2 Ly Cy
Cin  Cu

2
_ . . o
L CQC:S) Vil [Val. (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
ket and koo are defined as

- Cin ey = Chro (16)
VO -Gy Vs - Oy

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 C'y; is defined as Cy; = Cyq1 = Chys. The
circuit parameters are also designed to be symmetric, which
satisfy Ly = L3 and C; = Cjs, resulting k¢ = ko1 = keo.
Then, the resonances in (4) and (10) can be simplified as

o 1 o 1 C%
LS S Y 1 c3
L1 L3 027”2L 76;”
We L2 3
C?,
M
= . o (17)
C . . M
2 w2Ly [

In a symmetric system, the parameters can be designed as

1
Cy=C1— 7 =C3 — —5—
T Wil (18)
C;
O = €4~ o~ &

By substituting (18) into (15), the system power is simplified as
w.Cy - (Ch — Cur)
Cwy

Usually, the capacitances can be designed to satisfy C; ~ C5
and C; > C);. Then, (20) can be further simplified as

Pour = [Vl [Vs]- (19)

weCy
3
k¢

Pout,z |‘/1||‘/E’)| (20)
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TABLE I
SYSTEM SPECIFICATIONS AND CIRCUIT PARAMETERS

Parameter Design Value Parameter Design Value
Vin 60 V Vout 60 V

Iy 300 mm dq 150 mm
ds 180 mm ds 180 mm
Cin1 (Cin3) 8.1 pF Cing 10.9 pF
Cur (Cur2) 2.8 pF Cex1 (Cexa, Cexs) 120 pF
Cy (Cy) 128.1 pF Cy 130.9 pF
Ly (L) 89.8 uH Ly 87.5 nH
ko 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 1. 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 Vi, and V,; are set to be
60V, and the switching frequency f,, is setto 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 C; of 2.8 pF. In a symmetric system, C; = Cj,
Ly = L3, and ke = ke = keo. According to the system
power in (19), C can be calculated. Then, considering the film
capacitors available in the lab, the external capacitances Cey1,
Cex2,and Ce3 are selected to be 120 pF, and the capacitive cou-
pling coefficient k¢ is calculated to be 2.19%. Then, according
to the resonances in (18), the inductances L, Lo, 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
I3 in Fig. 8, the output current is defined to be (—I3). This
indicates that the voltage and current are in phase with each
other at both the input and output sides. Moreover, the input
voltage V) 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
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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 I7,3;
Ch 2 (red): input voltage V7 ; Ch 3 (green): inversed output voltage (—V3); Ch 4
(pink): input current I, . (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 V) and current I are in
phase. However, considering the soft switching of MOSFETs in
a practical full-bridge inverter, /11 should be slightly lagging V}
to achieve zero-voltage-switching (ZVS) of the MOSFETs [26].
In this design, the inductor L is increased by 2% to 91.5 uH 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 V) is mea-
sured by Channel 2, and the input current I;; is measured by
Channel 4. It shows that I 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 I3 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 —1I1 3, and (—V3) is leading V; 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 w, or
the compensation inductances. Considering the limitation of w,,
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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 dy 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 dy is reduced to be smaller than
180 mm, the soft-switching condition of MOSFETSs cannot be
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realized, and so the system power and efficiency decreases.
When d, 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 C); and the coupling
coefficient decreases. According to [28], the power of an LC-
compensated system is inversely proportional to Cj;, 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
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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.
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