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Abstract—This paper proposes a single-stage inductive-power-
transfer (IPT) converter operating as a wireless constant-power
(CP) and maximum-efficiency battery charger. By maintaining a
constant output power rather than providing a constant output
current throughout the dominant stage of battery charging, the
IPT converter can make the utmost of its power capability,
thus having a faster charging rate. The proposed single-stage
IPT converter adopts series-series compensation and includes a
switched-controlled capacitor (SCC) and a semi-active rectifier
(SAR) in the secondary side. Manipulating the SCC and the
SAR to emulate the optimum impedance of the resonator and
the load, we propose a novel operation approach combining
the merits of load-independent transfer characteristic and load
impedance matching, to achieve a simple solution to CP charging
and maximum efficiency throughout the charging process. Since
the control scheme is based on fixed operating frequency and
secondary-side real-time regulation, wireless feedback communi-
cation is not required. Moreover, soft switching and low voltage
stress can be easily achieved in this IPT converter.

Index Terms—Inductive power transfer, battery charging,
constant-power, maximum efficiency, soft switching.

I. INTRODUCTION

Inductive power transfer (IPT) is a growing technology
to wirelessly supply power in applications where physical
connection is inconvenient or impossible, e.g., hostile environ-
ments being affected by dirt and moisture [1], [2]. Typically,
with abilities to simplify charging operation and remove safety
concerns associated with electrical connection, IPT converters
are suitable for wireless battery charging in a variety of
scenarios, such as mobile electronics, biomedical implants,
small home appliances and electric vehicles [3]–[8].

Constant current (CC) charging is a common charging
technique and a dominant charging process for widely-used
lithium-ion batteries [9]–[11]. As shown by the vertical CC
line in Fig. 1, the charging current is kept constant, while
the charging voltage is clamped to the terminal voltage of
the battery and increases during charging. It can be observed
that the charging power is started with a minimum value
and increased to a maximum value at the completion of CC
charging. Since charging at a high power level only lasts for
a short duration, the power capacity of the charger has low
utilization. Alternatively, to make the utmost of the power
capability, the charger can control the output power to a
predetermined maximum value and provide a constant-power
(CP) charging for the battery [12]–[14]. As shown by the
CP curve in Fig. 1, the charging current should be allowed
to vary inversely with respect to the terminal voltage of the
battery to maintain the desired CP charging. Obviously, given
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Fig. 1. V-I characteristics of CC charging and CP charging.

an identical maximum charging power, CP charging provides
a faster charging speed than that of CC charging.

For a conductive charger, it is relatively easy to facilitate CP
charging in its battery management system, which operates the
charger as a current source, constantly varying according to
the charging power profile [14]–[16]. However, to our best
knowledge, IPT converters with the ability of wireless CP
charging are seldom explored in literature, which motivates
us to investigate the feasibility of wireless CP charger. In
general, an IPT converter should be designed to operate at
some fixed operating frequencies with load-independent trans-
fer characteristic for minimal control complexity and operate
within a restricted load range to achieve maximum efficiency
[17]–[19]. However, only constant current or constant voltage
output is achievable at these fixed operating frequencies that
the output power of the IPT converter is determined by the
load condition and cannot comply with the CP charging profile
[20], [21]. An intuitive idea for CP output is using a two-
stage IPT system, where a front-end converter can be used
to modulate the input amplitude of the IPT converter or a
load-side converter can be cascaded to the IPT converter for
power regulation [22]–[25]. Due to the extra power stage,
penalties of power loss, control complexity and/or wireless
feedback communication are inevitable. Moreover, keeping
single-stage design in mind, the IPT converter should also have
load matching ability to achieve high efficiency. Otherwise, the
efficiency significantly degrades at some mismatched loading
conditions [26]–[28]. Since the load range during battery
charging is normally wide, it is difficult for a single-stage
IPT converter to maintain the maximum efficiency, while
permitting fixed operating frequency, soft switching, no extra
cascading converter, and no wireless feedback communication
[28]. Therefore, it is challenging for an IPT converter to
achieve the required output for CP charging and maintain the
maximum efficiency throughout the charging process.

Aimed at filling the gap of wireless CP charging, this
paper presents and explores a single-stage IPT converter
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Fig. 2. Schematics of the proposed wireless CP charging system.

which adopts series-series compensation with a switched-
controlled compensation capacitor (SCC) and a semi-active
rectifier (SAR) in the secondary side. Combining the merits
of load-independent transfer characteristic and load impedance
matching, a novel operation approach is proposed for CP
and maximum-efficiency charging. By controlling the SCC
and the SAR, an optimum load and a constant secondary
resonator current are maintained simultaneously, such that CP
and maximum-efficiency charging can be simply implemented.
The control scheme is based on fixed operating frequency
and secondary-side real-time regulation, eliminating wireless
feedback communication. Moreover, soft switching and low
voltage stress can be easily achieved in this IPT converter.

II. PROPOSED WIRELESS CONSTANT-POWER BATTERY
CHARGER

A. System Structure

Fig. 2 shows the proposed wireless CP battery charger
based on a series-series compensated inductive power transfer
(SSIPT) converter with a switched-controlled compensation
capacitor (SCC) and a semi-active rectifier (SAR). In the
schematic of the proposed system, the magnetic coupler has
primary self inductance LP , secondary self inductance LS , and
mutual inductance M . The coupling coefficient is defined as
k = M√

LPLS
. Coil losses in the primary and the secondary are

represented by resistances RP,w and RS,w, respectively. Both
coils of the magnetic coupler are compensated by a capacitor
in series connection. CP is the primary compensation capacitor
with fixed capacitance value, while a fixed-value capacitor C1

as well as an SCC in series connection is used for secondary
compensation with variable capacitance. The SCC consists of
a fixed-value C2 and two MOSFET switches Qa and Qb, with
equivalent variable capacitance CSCC. Da and Db are the anti-
parallel body diodes of Qa and Qb, respectively. Compared
with a single SCC, series connection of a fixed-value capacitor
and an SCC can help to reduce the voltage stress of the SCC
switches, which will be discussed in detail in Section IV-A.
vSCC is the voltage across the SCC, and iSCC is the current
flowing through the SCC. DC voltage source VI is modulated
into AC voltage vP at an angular frequency ω to drive the
primary coil by a full-bridge inverter with four MOSFET
switches Q1–Q4. AC output is rectified to DC output by the
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Fig. 3. Switching sequences and operating waveforms of the SAR.

semi-active rectifier (SAR) with output filter capacitor Cf . The
SAR consists of two diodes D5 and D7 in the upper legs,
and two MOSFET switches Q6 and Q8 in the lower legs.
D6 and D8 are the anti-parallel body diodes of Q6 and Q8,
respectively. Secondary AC voltage vS and AC current iS are
the inputs of the SAR circuit. VO and IO are DC charging
voltage and current for the battery, respectively.

B. Operation of the Semi-Active Rectifier

The switching sequences and the operating waveforms of
the SAR are shown in Fig. 3. MOSFET switches Q6 and Q8

are turned on during the on-time of their anti-parallel diodes
to have ZVS. Both Q6 and Q8 are turned on for half a cycle,
and they are complements of each other. Therefore, Q6 and
Q8 are turned off with a time delay of π − θ ∈ [0, π], to
the zero-cross points of iS . Thus, conduction angle θ of the
SAR has a maximum π and minimum 0. It is noted that the
change of θ will affect the phase angle between vS and iS . As
shown in Fig. 3, vS,1 is the fundamental component of vS that
it lags iS with a phase angle given by γ = π−θ

2 . Therefore,
the equivalent load is an impedance instead of the usual pure
resistance [28], [29].

Since the battery charging is a slow process compared with
the operating period of the SSIPT converter, the battery is
modeled as a resistor determined by charging voltage and
charging current, i.e., RL = VO

IO
. It has been studied that the
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SAR together with the resistive load can be represented by an
equivalent fundamental impedance [30], [31], given by

Zeq = Req + jXeq, (1)

where

Req =
8

π2
RL sin4(

θ

2
), and (2)

Xeq = − 8

π2
RL sin3(

θ

2
) cos(

θ

2
) (3)

are equivalent resistance and capacitive reactance, respectively.

C. Operation of the Switched-Controlled Capacitor

The switching sequences and the operating waveforms of
the SCC are shown in Fig. 4. Driving signals of Qa and Qb

are synchronized with iS , and have a control angle ϕ ∈ [π2 , π]
to the zero-cross point of iS . Both Qa and Qb are turned
on for half a cycle, and they are complements of each other.
Since Qa and Qb are turned on and off at zero voltage, soft
switching can be achieved to minimize the switching losses.
The available charging time (or discharging time) for C2 in
half a cycle is π − ϕ, which decreases with the increase of
ϕ and results in a small equivalent root mean square (RMS)
value of vSCC. Consequently, the equivalent capacitance CSCC

of the SCC can be modulated by varying the control angle ϕ.
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Fig. 6. AC equivalent circuit model of the proposed system.

It has been studied that CSCC can be calculated by considering
the fundamental components of iS and vSCC [32], [33]. The
capacitive reactance donated by CSCC is highlighted as

XCCSS
=

(
2− 2ϕ− sin 2ϕ

π

)
XC2

(4)

≈ 4 (ϕ− π)
2

π2
XC2

, (5)

where XCCSS = − 1
ωCCSS

and XC2 = − 1
ωC2

. The complex
expression (4) can be simplified into (5) by using quadratic
curve fitting. Fig. 5 shows the exact and approximate curves
of XCCSS

versus the control angle ϕ. It can be observed that,
XCCSS can be modulated from a nominal reactance XC2 to
zero as ϕ is varied from 0.5π to π.

Unless specified otherwise in the rest of the paper,
Xsubscript represents the reactance of the corresponding com-
ponent indicated by its subscript.

D. Equivalent Circuit Model

An equivalent circuit model of the proposed system using
the fundamental approximation is shown in Fig. 6. The simpli-
fication is sufficiently accurate for resonant circuits operating
near the resonant frequency [17]–[19]. Here, the equivalent
circuit model of the proposed system is similar to that of
a conventional SSIPT converter, except that the secondary
compensation capacitance is variable and the load is not purely
resistive. The load is represented by an equivalent impedance
Zeq with resistance Req in series with reactance Xeq. Vari-
ables VP , IP , VS and IS are phasors of the fundamental
components of vP , iP , vS and iS , respectively. Resistor RP

includes losses from the primary coil and the inverter, while
resistor RS includes losses from the secondary coil, the SCC
and the SAR. Detailed calculation of RP and RS will be given
in Section IV-B for loss analysis.

As shown in Fig. 6, C1, CSCC and Xeq donate capacitve
reactances in the secondary, and they can be represented by
an equivalent secondary compensation capacitance CS,eq, with
its reactance satisfying

XCS,eq
= − 1

ωCS,eq
= XC1

+XCSCC
+Xeq. (6)

Therefore, the equations for the circuit model in Fig. 6 are

(RP + jXLP
+ jXCP

)IP − jXMIS = VP , (7)
−(RS +Req + jXLS

+ jXCS,eq
)IS + jXMIP = 0, (8)
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Fig. 7. (a) Conduction angle θ, normalized Req, normalized Xeq versus
load resistance RL. (b) Phase delay angle ϕ, normalized XCS,eq

versus
conduction angle θ.

where XM = ωM , XLP
= ωLP , XCP

= − 1
ωCP

and XLS
=

ωLS . The magnitudes of VP , VS and IS are given by

|VP | = 4

π
VI , (9)

|VS | = 4

π
sin

(
θ

2

)
VO, and (10)

|IS | = π

2

IO

sin2
(
θ
2

) . (11)

III. CONTROL SCHEME FOR CONSTANT-POWER AND
MAXIMUM-EFFICIENCY CHARGING

A. Maximum Efficiency
Using the circuit model shown in Fig. 6, the efficiency can

be calculated by

η =
|IS |2 Req

|IS |2 Req + |IS |2 RS + |IP |2 RP

=
X2

MReq

[(Req+RS)2+(XLS +XCS,eq)
2]RP +X2

M (Req+RS)
.

(12)

Given a chosen operating frequency ω, the efficiency in (12)
can be maximized as

ηmax ≈ 1
2

XM√
RP RS

+ 1
, if (13)

TABLE I
SIMULATION PARAMETERS

Parameters Symbols Values
Self inductance LP , LS 86 μH, 102 μH
Coupling coefficient k 0.26
Coil resistance RP,w , RS,w 0.3 Ω, 0.328 Ω
Inverter switch Ron1 0.1 Ω
SCC switch Ron2, Vf2 0.1 Ω, 0.7 V
SAR switch Ron3, Vf3 0.1 Ω, 0.7 V
Operating frequency ω

2π
85 kHz

Compensation capacitance CP , C1, C2 40.8 nF, 44 nF, 166 nF
Optimum load resistance Req,opt fixed at 18 Ω

XLS
+XCS,eq,opt = 0, and (14)

Req,opt = XM

√
RS

RP
, (15)

with the assumptions XM√
RPRS

� 1 and Req

RS
� 1. Variables

XCS,eq,opt and Req,opt are the optimum values of of XCS,eq

and Req leading to maximum efficiency, respectively.
From (15), the battery resistance RL varying in a wide

range, i.e., RL ∈ [RL,min, RL,max], should be transformed
into a matched load resistance Req,opt by the SAR. With (2)
and (15), the conduction angle θ of the SAR is given by

θ = 2arcsin

(
4

√
Req,opt
8
π2RL

)
. (16)

However, from (3), the change of θ also affects the load
reactance Xeq, given by

Xeq = −Req,opt cot

(
θ

2

)
. (17)

In Fig. 7(a), the solid curve labeled with θ/π shows the change
of θ with regard to RL for optimum load resistance. Indicated
by the dashed line, optimum load resistance Req,opt can be
achieved by controlling θ of the SAR. However, the magnitude
of Xeq concurrently becomes larger with the decrease of θ,
as shown in the solid curve labeled with |Xeq|/Req,opt. The
simulation parameters are given in Table I and will be used
for the rest of this paper unless specified otherwise.

To ensure (14), CS,eq should fully compensate LS at the
operating frequency that the equivalent capacitive reactance
XCS,eq

should be constant at XCS,eq,opt = −XLS
. Therefore,

the variation of XCS,eq
caused by Xeq should be offset by

XCSCC . With (5), (6) and (17), the control angle ϕ of the
SCC can be derived as

ϕ ≈ π − π

2

√∣∣XCS,eq,opt

∣∣− |XC1 | − |Xeq|
|XC2 |

. (18)

As shown in Fig. 7(b), with the coordinated control of ϕ with
respect to θ given in red curve, XCS,eq

is almost constant at
XCS,eq,opt achieving maximum efficiency given in magenta
curve.

B. Constant-Power Charging

Equations (14) and (15) can be satisfied via controlling
the conduction angle θ of the SAR and the control angle
ϕ of the SCC, as discussed in Section III-A. As shown in
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Fig. 8, with the controlled optimum load resistance Req,opt

and null reactance in the secondary, i.e. XLS
+XCS,eq,opt

= 0,
the maximum efficiency given by (13) can be maintained
over a wide range of battery resistance RL. Besides, it has
been widely studied that an SSIPT system can achieve load-
independent output current, if operating with a null reactance
in the primary [19]–[21]. Theoretically, if component losses
are neglected, the magnitude of the load-independent output
current iS is highlighted as

|IS | ≈ |VP |
XM

. (19)

Therefore, with the merits of load-independent transfer char-
acteristic and load impedance matching, a novel operation
approach for CP output and maximum efficiency is proposed
and illustrated as Fig. 8. The magnitude of the output current
is constant at |IS | due to the native load-independent current
transfer characteristic [19]–[21], while the matching load for
maximum efficiency is maintained constant at Req,opt via
control. Therefore, given an input voltage, the proposed system
outputs a constant output power at maximum efficiency, given
by

PO,constant ≈ |IS |2RMS Req,opt, (20)

where subscript RMS represents the calculation of RMS value
of corresponding variable.

With (9)-(11), (19) and (20), the charging power, DC
charging voltage, DC charging current can be designed with

PO,constant =
8

π2

V 2
I

ωM

√
RS

RP
, (21)

VO =
VI

sin2( θ2 )

√
RS

RP
, and (22)

IO =
8

π2

VI

ωM
sin2(

θ

2
), (23)

respectively.

C. Secondary Impedance Control Schemes

From (2), the equivalent load resistance Req can be modu-
lated to the optimum value Req,opt by controlling the conduc-
tion angle θ. Assumed that the equivalent load impedance Xeq

can be offset by the proper control of SCC impedance XCSCC
,

the output power PO is solely determined by the equivalent
load resistance Req, given by PO ≈ |IS |2RMS Req. With (2),
PO takes a monotonic relationship with the control variable
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Fig. 9. Output power PO and efficiency η versus conduction angle θ under
different values of battery resistance RL.

θ. As an illustration, monotonic curves of PO versus θ for
various values of battery resistance RL are shown in Fig. 9.
It can be observed that, when PO is constant at PO,constant in
(20), the proposed system operates at its optimized efficiency.
Therefore, a simple PI controller can be used to achieve
constant output power and maintain maximum efficiency, with
PO,constant in (20) being a control reference.

Fig. 10 shows the control diagram in practical implementa-
tion. Since the operating frequency in the primary is fixed, and
only impedance control in the secondary is needed for constant
power output and maximum efficiency, wireless feedback
communication between the primary and the secondary can be
eliminated. The charging voltage VO and the charging current
IO are measured by sensors. PO and RL can be calculated by
a multiplier and a divider, respectively. A simple PI controller
applies the correction to the difference between PO and PO,ref ,
and forms a control signal θ for the SAR. Meanwhile, with
θ and RL, another control signal ϕ is generated according to
(18), or alternatively the measured relationship between ϕ and
θ shown in Fig. 14. Zero crossing detection of iS generates
a synchronization signal for the PWM generations. Angles ϕ
and θ are used to produce PWM driving signals for the SCC
and the SAR, respectively.

IV. DESIGN CONSIDERATIONS

A. Minimizing Voltage Stress of the SCC

As analyzed in Section II-B and Section II-C, |Xeq| ranges
from |Xeq|min to |Xeq|max depending on the battery resistance
RL, and |XCSCC | ranges from zero to |XC2 | with the control
angle ϕ varying from π to 0.5π. Subscripts “max” and “min”
represent the maximum and minimum values of corresponding
variables, respectively. XCSCC

can be controlled to offset the
variation of Xeq, and thus XCS,eq

can be constant at XCS,eq,opt

to fully compensate XLS
. From (14), design of C1 should

firstly ensure the requirements of full compensation in the
secondary, as given by

|XC1
|+ |XC2

|+ |Xeq|min≥
∣∣XCS,eq,opt

∣∣ , and (24)

|XC1 |+ |Xeq|max≤
∣∣XCS,eq,opt

∣∣ . (25)
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The voltage stress of the SCC switches is determined by the
maximum voltage across the SCC, as given by

|VSCC,max| = |XC2
| |IS | . (26)

To reduce the voltage stress of the SCC switches, |XC2 | should
be minimized. With (24), in other words, we should maximize
|XC1

| in the design. With (25), the maximum value of |XC1
|

can be derived as

|XC1
|max =

∣∣XCS,eq,opt

∣∣− |Xeq|max . (27)

The black curve in Fig. 11 shows the relationship between
the voltage stress |VSCC,max| and the design value of |XC1

|. It
can be observed that, the voltage stress is significantly reduced
by designing a large |XC1 |.

Moreover, when the control angle is maximum, i.e., ϕ =
π, CS2,eq is shorten by the switches Qa and Qb, and thus
maximum current stress of the SCC switches happens. Since
iS is constant as (19), maximum current stress of the SCC
switches is given by

|ISCC,max| = |IS | . (28)

B. Loss Analysis
Theoretically, the proposed system operates with zero phase

angle between the input voltage vP and the input current iP .
In practice, the input impedance can be designed to be slightly
inductive to facilitate ZVS of the MOSFET switches Q1–Q4

for switching loss reduction. A slight decrement of ωP can
fulfill the requirement and will not affect the output and the
efficiency too much [20], [21]. Therefore, RP representing
the primary-side losses can be estimated by considering the
primary-side coil resistance and the conduction losses of the
inverter switches, given by

RP = RP,w + 2Ron,1, (29)
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where Ron,1 is the conduction resistance of the inverter
switches Q1–Q4. RP can be considered as constant.

As analyzed in Section II-C, the SCC switches Qa and
Qb are both soft switched. The conduction loss in the SCC
switches can be estimated as

PSCC = I2SCC,RMSRon,2 + ISCC,avgVf,2, (30)

where Ron,2 and Vf,2 are the on-resistance and body-diode for-
ward voltage of the MOSFET switches Qa–Qb, respectively.
ISCC,RMS and ISCC,AV are the RMS value and average value
of the current flowing through the SCC switches Qa–Qb, given
by

ISCC,RMS =

√
1

π

∫ ϕ

π−ϕ

(|IS | sinx)2 dx, and (31)

ISCC,avg =
1

π

∫ ϕ

π−ϕ

|IS | sinx dx, (32)

respectively.
Similarly, neglecting the small switching-off losses of Q6

and Q8, the conduction loss in the SAR can be estimated as

PSAR = i2S,RMSRon,3 + iS,avgVf,3, (33)

where Ron,3 is the on-resistance of the MOSFET switches Q6

and Q8, and Vf,3 is the forward voltage of the diodes D5–D8.
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TABLE II
SYSTEM PARAMETERS

Battery Specifications Values
Rated charging power PO 150 W
Battery terminal voltage VO 51–84.6 V

Parameters Symbols Measured Values
Input voltage VI 48 V

Switches
Q1–Q4,
Qa, Qb,
Q6, Q8

IPP60R099 with
Ron ≈ 0.099 Ω and
VF ≈ 0.7 V

Diodes D5, D7
MBR20200 with
VF ≈ 0.7 V

Self inductance LP , LS 85.09 μH, 101.13 μH
Coupling coefficient k 0.262
Coil resistance RP,w , RS,w 0.38 Ω, 0.41 Ω
Primary compensation CP 41 nF
Secondary compensation C1, C2 155 nF, 55nF
Operating frequency ω

2π
85 kHz
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Fig. 13. Experiment setup.

iS,RMS = |IS |√
2

and ISAR,avg = 2|IS |
π are the the RMS value

and average value of iS injecting into the SAR, respectively.
Incorporating the losses in the SCC and the SAR, equivalent

series resistance RS representing the losses in the secondary-
side can be calculated as

RS = RS,w +
PSCC + PSAR

i2S,RMS

. (34)

Loss resistance ratio
√

RS

RP
is simulated and shown by the

blue curve in Fig. 12. Since the loss of the SCC increases with
the increase of the control angle ϕ,

√
RS

RP
varies from 1.1 to

1.3 with respect to the battery resistance RL. Theoretically, the
optimum load resistance Req,opt should vary with the variation
of

√
RS

RP
. In practical, a slight deviation from the optimum load

resistance will not affect the efficiency too much, and thus
Req,opt can be fixed for simplicity. The simulated efficiency
shown by the green curve in Fig. 12 slightly decreases mainly
due to the increase of RS . Nevertheless, the efficiency is
approximately maintained maximum over the whole load
range.

V. EXPERIMENTAL VERIFICATION

A. Specifications and Prototype

To verify the CP output and maximum-efficiency per-
formance throughout the charging process, an experimental
prototype is built, as shown in Fig. 13. The system parameters
are given in Table II. According to the charging specifications,

0.5 0.6 0.7 0.8 0.9 1
0.5

0.6

0.7

0.8

0.9

Fig. 14. Measured operating points at a constant output power of 147 W and
the corresponding battery resistances.
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Fig. 15. (a) Measured output current and voltage versus battery resistance.
(b) Measured power and efficiency versus battery resistance.

the equivalent battery resistance approximately ranges from
18 Ω to 50 Ω. An electronic load is used to emulate the battery.
The input DC power and output DC power are measured by
a Yokogawa WT1800 Precision Power Scope.
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(a) RL = 18 Ω
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(b) RL = 30 Ω
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(c) RL = 50 Ω

Fig. 16. Measured operating waveforms of the inverter, the SCC and the SAR
at (a) the start (b) the middle and (c) the end of CP charging.

B. Measured Operating Points, Output Power and Efficiency

The operating frequency of the inverter is fixed at 85 kHz.
Following the proposed operation approach in Section III, the
conduction angle θ of the SAR and the control angle ϕ of the
SCC are adjusted to achieve CP output and maintain maximum
efficiency. The measured operating points (marked with “©”)
are shown in Fig. 14, with ϕ and θ varying from 0.53π to
0.83π and from 0.95π to 0.57π, respectively.

The corresponding charging current (marked with “©”)
varies inversely with respect to the charging output voltage
(marked with “�”) as shown in Fig. 15(a). The corresponding
output power (marked with “©”) are approximately constant
at 147 W, while a maximum efficiency (marked with “�”)
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Fig. 17. Transient waveforms for RL step changing from 20 Ω to 40 Ω and
back to 20 Ω

is maintained at around 88% as shown in Fig. 15(a), which
is consistent with the analysis in Section IV-B. To sum up,
the proposed operation approach can ensure CP charging and
maximum efficiency throughout the charging process.

Waveforms of the inverter, the SCC and the SAR are
measured at the start, the middle and the end of CP charging,
as shown in Fig. 16. ZVS is achievable in the inverter, the
SCC and the SAR. The maximum voltage stress of the SCC
switches is about 55 V as shown in Fig. 16(a), which coincides
with the analysis in Section IV-A.

C. Transient Response Against Load Change

The closed-loop secondary impedance control scheme
demonstrated in Section III-C is implemented in a microcon-
troller for CP charging and maximum efficiency throughout the
charging process. Transient waveforms for step load changing
are shown in Fig. 17. The output voltage VO and output current
IO are measured and shown as CH7 in blue and CH8 in
green, respectively. The control variables are observed from
digital-to-analog outputs, where CH9 in red and CH11 in
magenta represent the conduction angle θ of the SAR and the
control angle ϕ of the SCC, respectively. PO is calculated by
multiplying VO and IO and shown the waveform in yellow. It
can be observed that PO is tightly regulated by direct control
of θ, while ϕ is coordinately controlled with the variation of θ
and RL. No wireless communication is needed for the control
of the proposed system.

VI. CONCLUSION

A single-stage IPT converter, which can operate as a wire-
less constant-power (CP) battery charger and maintain maxi-
mum efficiency throughout the charging process, is proposed
in this paper. A novel operation approach combines the merits
of load-independent transfer characteristic and load impedance
matching, by controlling the control angle of the switch con-
trolled capacitor and the conduction angle of the semi-active
rectifier. The operating frequency of the IPT converter is fixed,
and only a simple control in the secondary side is employed
to achieve CP output and to ensure load matching for the
maximum efficiency. No wireless feedback communication is
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needed for the control, and all power switches realize zero-
voltage-switching.
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