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ABSTRACT This paper presents an inductive-power transfer (IPT) system with load-independent constant
current (CC) and constant voltage (CV) charging characteristics for low power systems. An inductor–
capacitor–capacitor series (LCC-S) compensation-based hybrid topology that can achieve both CC and
CV charging with only one additional switch under zero-phase-angle conditions is proposed. Additionally,
the CC/CV charging mode can be realized with two different fixed frequencies. The proposed system has
a simple structure and low cost and uses only primary-side electrical information to control the battery
charging profile, achieving communication-less control between the primary and secondary sides. It greatly
simplifies the controller design process. A 200-W laboratory prototype is built to verify the feasibility of
the proposed topology, and the maximum efficiencies of the CC and CV modes are approximately 85% and
87%, respectively.

INDEX TERMS Battery charging, constant-current output, constant-voltage output, inductive power trans-
fer, hybrid compensation topology.

I. INTRODUCTION
Wireless-power-transfer (WPT) systems, which use no con-
nection between the transmitter and the receiver, have the
advantages of physical isolation, safety of operation, and
reliability, and they ensure normal operation in harsh envi-
ronments [1]–[3]. These systems have a wide range of appli-
cations, such as in EVs (electrical vehicles), drones, mobile
phones, and medical implants [4]. Especially in low-power
wireless charging applications, such as unmanned aerial vehi-
cles (UAVs) [5], electric bicycles [6], [7], and consumer
electronics [8], [9], inductive power transfer (IPT) technol-
ogy has become a research hotspot by virtue of its inherent
advantages.

The output resistance of a battery changes significantly
during the entire charging process [10], [11]. Therefore,
it is essential to design a stable controller to address
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FIGURE 1. Battery charging profile.

parameter changes. The most important method to address
this issue is constant current (CC) and constant voltage (CV)
charging. The CC/CV charging profile is shown in Fig. 1.
As shown in the figure, the battery charging current remains
stable in the CC mode and decreases significantly in the CV
mode, whereas the battery voltage increases rapidly in the CC
mode and is stable in the CV mode. The following methods
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can realize CC and CV charging: 1) Using a dc–dc converter
on the primary side [10] and secondary side [12]. Thismethod
can easily achieve CC and CV charging by controlling the
back-end converter. However, it needs additional compo-
nents and increases the complexity of the system, while it
introduces further power loss. 2) Changing the operating
frequency. In [13]–[16], a basic topology (SS, SP, PS, PP)
can realize CC and CV outputs at two different frequencies.
However, this method cannot achieve a constant output and
a zero-phase-angle (ZPA) simultaneously. Additionally, this
approach suffers from bifurcation and control complexity.
In [17], the CC/CV model was realized using two different
frequencies in a double side inductor–capacitor–capacitor
series (LCC-LCC) topology. The main drawbacks of this
technique are an increased number of components and a
complex control method. 3) Using hybrid topologies. In [18],
hybrid topologies with a load-independent CC or CV output
were realized by hybrid topologies with a load-independent
CC or CV output were realized by switching the series com-
pensation into parallel compensation on the transmitter side.
However, this technique requires the use of three switches and
one inductor, it increases the component counts, losses, and
complexity. To obtain the ZPA condition during the CC/CV
charging process, a hybrid compensation tank with SS and
PS or SP and PP was used in [19]; however, additional
switches were required to convert the topology. 4) Realization
of the CC/CV mode by a control method. To fulfill the CC
or CV output requirements under the ZPA condition, [2]
introduced a novel method to achieve CC/CV charging with
double inductor–capacitor–capacitor (LCC–LCC) topology
with two independent operating frequencies. However, this
approach is successful only when the self-inductance of the
primary coil is equal to that of the secondary one. Phase shift
control is another method applied to the full bridge inverter to
adjust the CC/CV mode during load variation [20]. However,
it is difficult to attain zero voltage switching (ZVS) under
a light-load condition. Therefore, all of these methods have
limitations.

The common commutation modes between the primary
and secondary sides in a WPT system are shown in Fig. 2.
Two communication methods are used in a WPT sys-
tem: wireless communication type, and no communica-
tion type. All of the CC/CV charging methods mentioned
earlier [1]–[20] require wireless communication (Wi-Fi,
Bluetooth, Zigbee) between the primary and secondary
sides. Communication may be interrupted owing to
cross-technology interference or bad connectivity of the
devices [21].

In the communication-less type for WPT system, the out-
put current and voltage are controlled by the primary-side
parameters. In [22], the output power was adjusted by the
primary side signal acquisition. In [23], the output power was
regulated by the frequency droop controller on the primary
side. In [24], the CV model was realized for the inductor–
capacitor–inductor (LCL) configuration by phase shift con-
trol on the primary side. All of these methods are focused

FIGURE 2. Common commutation modes in a WPT system.

on output regulation, and the CC/CV charging process is
not analyzed in detail. The quadrature transformation algo-
rithm and a proportional-integral (PI) controlled phase shift
controller was proposed in [25] to realize CC/CV mode
charging in the inductor–capacitor inductor–series (LCL-S)
topology. However, the algorithm was too complicated to
realize. Reference [26] proposed a primary-side control
method with a weak commutation that can achieve both CC
and CV mode charging. Although secondary-side electrical
information can be estimated without line communication,
the noise interface can be reduced using filters. However,
if the mutual inductance information detected in the start-
up process is incorrect or the filters break down, the electri-
cal information on the secondary side will not be collected
properly.

In light of the above analysis, a topology and control
method with the following characteristics is required: 1) No
back-end dc–dc converter to control the battery voltage and
current. 2) Simple structure of the resonant tank to decrease
external power losses. 3) Nearly ZPA condition and soft
switching operation during the entire charging process to
attain low volt-ampere (VA) rating and low conduction loss
of the switches. 4) Fixed resonance frequency in CC and CV
charging to avoid bifurcation. In this paper, a novel resonant
tank topology and CC/CV control method is proposed tomeet
the above requirements.

To simplify the controller design of an IPT system and
avoid the drawbacks of conventional topologies and con-
trol methods, a CC/CV control method based on hybrid
compensation topology with single switch is proposed for
charging low-power wireless systems. Using detailed anal-
ysis of the LCC-S and parallel-series/parallel (PS/S) topol-
ogy, the CC/CV charging mode can be achieved only
by changing the operation frequency and adding an addi-
tional switch. This topology can realize ZPA operation with
a fixed operating frequency and ZVS, achieving a low
VA rating and improving efficiency. Additionally, the bat-
tery output voltage and current can be estimated by the
acquisition of primary-side electrical information. There-
fore, communication-less control can be attained between
the primary and secondary sides. The effectiveness of the
proposed topology is verified by simulations and an exper-
iment using a 200-W prototype, and the maximum efficiency
of the CC and CV modes is approximately 85% and 87%,
respectively.
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FIGURE 3. Overview of the IPT system.

FIGURE 4. LC resonant network.

FIGURE 5. CL resonant network.

II. HYBRID TOPOLOGY DESIGN
An overview of the IPT system is shown in Fig. 3. In an
IPT system, the basic requirement of the resonant network
topology is to minimize the VA rating of the dc source.
On the secondary side, the resonant network compensates
the inductance of the secondary coil to increase the transfer
capability.

Generally, the resonant network consists of two types of
component: inductors and capacitors. LC and CL resonant
networks are regularly used in IPT systems.

Fig. 4 shows an LC resonant network, where the resonant
angular frequency (ωLC) is equal to the angular frequency of
the ac voltage source and can be expressed as

ωLC =
1

√
LLCCLC

(1)

According to Kirchhoff’s law, the output current under the
resonance condition is given by

ILC = −jVLC

√
CLC
LLC
= −j

VLC

ωLCLLC
(2)

where VLC is the input voltage of LC resonant network and
ILC is the value of the output current. Based on (2), when
the circuit operates in the resonance condition, the output
current of the LC network in constant and independent of
ZLC. Therefore, the LC resonant network shows a CC output
characteristic.

A CL resonant network is shown in Fig. 5. The resonant
angular frequency in a CL resonant tank is the same as that of
an LC resonant tank: ωLC = ωCL. The output voltage under

FIGURE 6. M model with LCC-S compensation topology.

the resonance condition can be expressed as

VCL = −jICL

√
LCL
CCL
= −jωCLLCLICL (3)

where VCL is the output voltage of CL resonant network
and ICL is the value of the input current. According to (3),
the output voltage of the CL resonant tank is independent of
the load variation.

A. REALIZATION OF CV MODE WITH THE
ZPA CONDITION
Two well-known models are used in wireless power trans-
fer systems: the M model and the T model. According
to [27], the mutual inductance model is appropriate for self-
inductance compensation, and the T model is suitable for
leakage inductance compensation. In the LCCL-S compen-
sation topology, to satisfy the requirement of the resonance
frequency being independent of the coupling coefficient (k),
self-inductance compensation is required. In addition, the M
model can derive the output characteristics because both sides
can be analyzed independently. Consequently, the mutual
inductance model meets the requirement of this study.

The M model of the LCC-S compensation topology is
shown in Fig. 6. The resonant network has four components.
Lin and Cp are the series compensation inductor and the
parallel compensation capacitor, respectively, on the primary
side. Cf and Cs are series compensation capacitors on the
primary and secondary sides, respectively. VAB is the input
voltage of the resonant network (output of the full bridge
inverter) and Vab represents the output voltage of the resonant
network (input voltage of the rectifier). IAB and Iab are the
input and output currents of the resonant network. Rac is the
ac equivalent resistance of the output resistance Ro. Lp and
LS are the self-inductance of the primary and secondary coils,
respectively, whereasM is the mutual inductance between the
transmitter and the receiver; that is,M = k

√
LPLS .

From [27], it can be derived that the LC resonant tank has
a CC output characteristic under ZPA conditions. The LC
series resonant tank can be regarded as one resistance under
resonance conditions.

Therefore, according to the duality principle, the LCC-S
resonant network shows a load independent constant output
voltage characteristic. When Lin is resonant with Cp and
then Lp, Lin is resonant with Cf , it means that the operating
frequency is equal to the ZPA frequency, ωcv = 2π fcv, where
fcv is the operating frequency in the CV mode. The angle
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FIGURE 7. Primary circuit with reflected impedance.

frequency can be given by

ω0 = ωcv =
1√
LinCp

=
1

√
LSCS

(4)

To simplify the analysis, the model in Fig. 6 can be sim-
plified to be the model shown in Fig. 7. ZR is the reflection
impedance of the secondary side.

According to [28], the impedance of the secondary side ZS
and the reflection impedance ZR can be derived asZs = jωLS + 1/jωCS + Rac

ZR =
(ωM )2

Zs

(5)

The input impedance Zin and phase angle can be expressed as
Zin =

1

1
/(
jωLp + 1

/
jωCf + ZR

)
+ jωCp

+ jωLin

θin =
180

◦

π
tan−1

Im(Zin)
Re(Zin)

(6)

When the operating frequency satisfies equation (4), the input
impedance can be calculated as

Zin=
ω2
0Cf LinRac

(jω0(LP − Lin)+ 1/jω0Cf )Rac + ω4
0M

2CPCf
(7)

To satisfy the ZPA condition, the imaginary part of equa-
tion (7) is equal to 0, which can be expressed as

(jω0(LP − Lin)+ 1/jω0Cf )Rac = 0 (8)

To satisfy equation (8), the input inductor Lin must be

Lin =
(

Cf
Cf + CP

)
LP (9)

It can be concluded that the ZPA condition can be satisfied
by selecting the resonance parameter on the primary side to
be as shown in Equation (9).

Additionally, the impedance of the primary side can be
obtained as

Zin = (
Lin
M

)2Rac (10)

The output voltage and the voltage conversion ratio can be
derived as 

Vab = IsRac =
MVAB
Lin

GV =

∣∣∣∣ VacVAB

∣∣∣∣ = M
Lin

(11)

FIGURE 8. Voltage gain and phase of input impedance of the IPT
converter.

It can be concluded that the output voltage is load indepen-
dent at the resonant frequency(150kHz) during the load range
(5�-60�) and that ZPA can be achieved simultaneously. The
input current of the resonant network can be expressed as

IAB =
VAB
Zin
=
VABM2

L2inRac
(12)

From formulas (11) and (12), it can be seen that the output of
the rectifier can be calculated using the current and voltage
of the full bridge inverter.

From Fig. 8, the system can be designed in the CV
mode to be consistent with the ZPA condition. Ro is the
dc load resistance. In this study, RL is identical with the
battery equivalent resistance because the load is the battery
(Ro = RBat). According to above analysis, the LCC compen-
sation topology is widely used in WPT systems because it
can easily attain ZPA for the input impedance and ZVS for
the switches, exhibiting low reactive loss and high system
efficiency.

The output current of the LCC-S topology is shown
in Fig. 9. In the range of operating frequencies used in this
study (140–160 kHz), the output current is highest at the
resonance frequency. The ZPA is lost when the operating fre-
quency is far from the resonance point. Additionally, the out-
put current decreases with increasing load resistance, which
implies that the output power increases with decreasing load
resistance.

B. REALIZATION OF CC MODE WITH THE
ZPA CONDITION
By removing the input inductance Lin from the LCC-S topol-
ogy, it becomes the PS/S topology, as shown in Fig. 10.
According to the previous analysis, the LC series resonant
tank can be regarded as one inductor and the CL resonant
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FIGURE 9. Output current of the LCC-S topology.

FIGURE 10. Analytical circuit of PS/S compensation topology.

FIGURE 11. Primary circuit with reflected impedance for PS/S topology.

tank has a CV output. According to the duality principle, this
implies that PS/S topology has CC output characteristic.

To simplify the calculation according to the model shown
in Fig. 11, the input impedance and phase angle can be
expressed as

Zin =
1

1
/(
jωLP + 1

/
jωCf + ZR

)
+ jωCP

θin =
180

◦

π
tan−1

Im(Zin)
Re(Zin)

(13)

The equivalent impedance and current of the secondary
side can be derived as

ZS = jωLS +
1

jωCS
+ Rac

Iab =

∣∣∣∣∣ jωMVAB
ZsZin

[
1+ jωCP

(
jωLP + 1

/
jωCf + ZR

)] ∣∣∣∣∣ (14)

When the resonant network operates in the CC mode, Iab
is independent of the output resistance Rac. Assuming that
jωLP+1/jωCf = α, the input impedance can be expressed as

ZS = jωLS +
1

jωCS
+ Rac (15)

The output current of the resonant network can be given by

Iab =
jωMVAB

ZS (α + (ωM )2/ZS )
(16)

When α = 0, the real part of Iab can be written as

Iab =
VAB
ωM

(17)

From (17), it can be concluded that the output current is
load independent at the resonant frequency(136.5kHz) during
the load range (5�-60�), and the operating frequency is
ωcc = 2π fcc, where fcc is the operating frequency in the CC
mode. The angular frequency is ω2

0 = ω
2
cc = 1/(LPCf ).

The input resistance can be expressed as

Zin =
j(ω0M )2

−ω0Ls + 1/ω0Cs − ω3
0M

2CP + jRac
(18)

Assuming that −ωLS+1/ωCS − ω3M2CP = β, Zin can be
calculated as

Zin =
Rac(ω0M )2 + jβ(ω0M )2

β2 + R2ac
(19)

To ensure that the ZPA condition is satisfied, the angle of
the input impedance is maintained at 0. That is, Im(Zin) = 0,
which is equivalent to β = 0.
From [27], it can be concluded that the ZPA can be

achieved by tuning the value of CS , which can be derived as

CS =
1

ω4
0M

2CP + ω2
0LS

(20)

Therefore, ZPA can be easily realized by selecting a suitable
value of CS .
When operating in the CC mode under the ZPA condition,

the real part of Zin can be calculated by Zin = (ω0M )2/Rac.
The transconductance gain of the PS/S topology can be

expressed by

GT =
Iab
VAB
=

1
ω0M

(21)

It can be derived that the CC output is independent of the
output resistance.

The output current of the full bridge inverter can be
given by

IAB =
VABRac
(ω0M )2

(22)

The output voltage of the rectifier can be expressed as

Vab =
VABRac
ω0M

(23)

From formulas (22) and (23), the output current and voltage
of the rectifier can be calculated according to the input char-
acteristics of the full bridge inverter.

As shown in Fig. 12, the PS/S compensation topology can
easily achieve ZPA and ZVS simultaneously. Additionally,
the output current is load-independent. Further, the operating
frequencies in the CC and CV modes are different. The
operating frequency in the CC mode is lower than that of the
CV mode; therefore, the switching loss in the CC mode is
lower than that in the CV mode.
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FIGURE 12. Transconductance gain and phase of the input impedance in
the PS/S topology.

FIGURE 13. Voltage gain of the PS/S topology.

TABLE 1. Design parameters of the resonant network.

When operating in the CC mode under the ZPA condition,
the real part of Zin can be calculated as Zin = (ωM )2/Rac.

The voltage gain curve of the PS/S topology is
shown in Fig. 13. It can be concluded that the voltage
gain ratio decreases with increasing operating frequency
(133–143 kHz). The voltage conversion ratio and output
power increase with decreasing load resistance.

The Cs value of the CC mode is calculated to be approxi-
mately equal to that of the CV mode. Therefore, to simplify
the implementation of the controller and reduce cost, a unified
resonance network is selected for the CC and CV modes, and
the parameters are shown in Table 1.

FIGURE 14. System structure and control diagram.

III. PROPOSED CC–CV CONTROL METHOD
The overall system structure and control diagram are shown
in Fig. 14. Q1–Q4 are four MOSFETs on the side of the full
bridge inverter;D1–D4 are rectifier diodes; Vin is the dc input
voltage; Vo and Io represent the output voltage and current,
respectively; and Ro is the output resistance. A low-cost relay
is used as a switch to change the charging mode, because the
switching time does not affect the performance of the battery
charging system [29]. The midpoint voltage of the full bridge
inverter UAB is expanded in a Fourier series, and UAB can be
given by

VAB =
4Vin
π

∑
n=1,3,5···

sin(nϕ)
n

(24)

where n is the number of harmonics, and ϕ is the phase
angle. The quality factors of the compensation networks in
a WPT system are relatively high. Thus, fundamental har-
monic analysis can be utilized in the proposed system. In this
case, because only the fundamental component is considered,
n = 1. According to [29], the inputs of the dc source and
of the resonant network (rms value) components have the
following relationship

VAB =
2
√
2Vin
π

IAB =
2
√
2Iin
π

(25)

The relationship of the input of the rectifier (rms value) and
the output of battery bank can be given as [31]

VO =
2
√
2Vab
π

IO =
π Iab
2
√
2

(26)

Therefore, the DC/AC and AC/DC relationship in terms
of input side and output side of the overall system can be
obtained from (25) and (26). The ac equivalent resistance
can be derived by the equation Rac = 8Ro/π2, where the ac
voltage and current are rms values.

In previous studies, the primary and secondary sides of
the WPT system required wireless communications, such as
Bluetooth, Wi-Fi, and ZigBee, which demand high trans-
mission accuracy. Additionally, the cost of the system and

171100 VOLUME 7, 2019



H. Zhang et al.: Hybrid Compensation Topology With Single Switch for Battery Charging of IPT Systems

FIGURE 15. Flowchart of the proposed CC/CV control method.

the complexity of the controller also increased. The control
method proposed here estimates the output electrical infor-
mation by sampling the dc input voltage and current and then
changes the operating frequency according to the value of
the output voltage. When the output voltage is lower than
the battery reference voltage, the controller operates in the
CC mode. In this mode, switch S1 is on and the operating
frequency is equal to fcc. When the output voltage is equal
to or greater than the battery reference voltage, the controller
operates in the CV mode. At this time, switch S1 is off and
the operating frequency is equal to fcv. The charging process
is finished when the output current reaches its minimum
value. Therefore, without the need of control signals on the
secondary side, the CC/CV output can be realized only by
controlling the frequency of the primary side and the switch-
ing state of S1.
In the CC mode, the battery output voltage can be derived

by combining the equations (23), (25) and (26), and the
output current in the CV mode can be calculated by (12),
(25) and (26). Therefore, the output voltage and current can
be estimated by the input DC value. A flowchart of the
control method is shown in Fig. 15. It can be concluded that
the proposed controller is simple in terms of structure and
easy to operate. According to the control method, the battery
reference voltage is 52 V and the minimum battery current is
set to 0.9A.

IV. SIMULATION AND EXPERIMENTAL RESULTS
To verify the proposed topology and control method, a 200-
W prototype was built. The characteristic parameters of the
prototype are listed in Table 2.

Fig. 16(a) shows the converters used in the wireless power
transfer system. DSP28335 is used as the main controller.
Switches Q1–Q4 (IPB031N08N5) are used in the full bridge
inverter, and diodes D1–D4 (DSA30I100PA) are employed
for the rectifier. Chroma 63200A is used as the electronic
load to simulate the change of the battery equivalent load.
Fig. 16(b) shows the primary side and secondary side coils,

TABLE 2. Parameters of the proposed topology.

FIGURE 16. Prototype of the proposed topology (a) Full bridge inverter
and rectifier. (b) Primary and secondary coils.

which are separated by an air gap of 1.5 cm. Litz wire AWG
13 is selected for LP, LS , and Lin to eliminate skin and
proximity effects. The magnetic material of both primary and
secondary coils is PM11 ferrite. A C-C type core is selected
for the experiment.

To decrease the influence of the reactive power, the oper-
ating frequency usually deviates slightly from the resonance
point to realize soft switching with reasonable reactive power.
This has the obvious advantages of the operating frequency
being constant and independent of the load variation dur-
ing the CC/CV charging mode. Consequently, the proposed
design method is simple in structure and easily ensures the
stability of the WPT system.

Fig. 17(a) shows the experimental results of the battery
output waveforms and the full bridge inverter output wave-
forms in the CV mode. The output voltage is 52 V and the
maximum output power is 200 W. The operating frequency
is 149 kHz in the CV mode for soft switching. Fig. 17(b) is
the output waveform obtained under load variation. It can be
seen that when the output resistance decreases from 13 � to
24 �, the output power decreases from 200 W to 110 W and
the output current decreases from 3.8 A to 2.2 A. The battery
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FIGURE 17. Experimental waveforms of Vo, Io, VAB, and IAB in the CV
mode (a) with fixed Ro. (b) with Ro varying from 13 � to 24 �.

FIGURE 18. Transient waveforms from CC mode to CV mode of proposed
topology.

output voltage is stable at 52 V even under varying load
conditions. As a consequence, the output voltage remains
constant to meet the design requirements.

The transient waveforms of the charging mode from CC to
CV are given in Fig. 18. There are some oscillations during
the transient switching mode, and it takes around 2 ms to
return to the steady state. The output VAB and IAB nearly
remains stable after mode switching.

Fig. 19 (a)show the output characteristics of the full bridge
inverter and the rectifier under the CC condition. The output
power is identical with that of the CV mode. From Fig.17(a)
and 19(a), it can be concluded that the inverter can achieve
ZVS in CC and CV mode, which agrees well with the theo-
retical analysis. Fig. 19(b) shows the output waveforms under
load variation. It can be seen that when the output resistance
increases from 10� to 13�, the output power increases from
110 W to 200 W, the output voltage increases from 38 V to
51 V, and the output current remains constant to meet design
requirements.

The output characteristics of the CC/CV mode with multi-
load variation are shown in Fig. 20. Fig. 20(a) shows
the waveforms in the CV mode, where the output current
increases from 2.2 A to 3.8 A and then decreases to 0.9 A
and the output resistance varies between 13 � to 58 �.

FIGURE 19. Experimental waveforms of Vo, Io, VAB, and IAB in the CC
mode (a) with fixed Ro. (b) with Ro varying from 10 � to 13 �.

FIGURE 20. Experimental waveforms of Vo, Io, VAB, and IAB with
multi-load regulation (a) CC mode. (b) CV mode.

The output voltage is stable at 52 V, confirming that the
results are consistent with the CV mode requirements. When
operating in the CC mode, as shown in Fig. 20(b), the output
voltage decreases from 51 V to 20 V and then increases
to 51 V and the output resistance vary between 5.3 � and
13�. The results demonstrate that the battery current is stable
at 3.8 A, and the results are consistent with the CC mode
requirements.

Fig. 21 shows the overall battery charging profile. The
charging voltage increases from 20 V to 52 V, and the charg-
ing current range is 0.9 A–3.8 A. Fig. 22 shows the overall
system efficiency and output power during the entire charging
process. It can be concluded that the average efficiency of the
CC mode is higher than that of the CV mode. The maximum
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FIGURE 21. Battery voltage and profiles with resistance variations.

FIGURE 22. Overall system efficiency and output power under the CC/CV
charging modes.

efficiency of the overall system is 87%. The maximum output
power is obtained at the boundary of the CC/CV modes, and
the output power varies from 46 W to 200 W.

V. CONCLUSION
This paper proposes a hybrid compensation topology and
a CC/CV control method for low-inductive-power transfer
systems. To facilitate the analysis, an M model of the LCC-S
and PS/S topologies is built and analyzed in detail. Based
on the analysis, the CV and CC modes can be realized by
using one hybrid topology at two fixed frequencies. Com-
pared with other similar topologies, the proposed topol-
ogy has smaller components and volume because of the
use of only one additional ac switch. Additionally, the pro-
posed control method can achieve CC/CV charging only by
the primary controller. The wireless communication prob-
lem can be neglected. The proposed topology and control
method are verified by simulation and experimental results
using a 200- W prototype, and the measured efficiencies,
85% and 87%, in the CC and CV modes, respectively. The
results demonstrate that the proposed topology and con-
trol method are suitable for low-power wireless charging
systems.
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