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Abstract—Current Class-E inverters for Inductive Power
Transfer (IPT) inevitably incorporate inductors. Especially, when
realizing constant current source excitation for the transmitting
coils, more inductors are often required. To address this limi-
tation, this paper proposes a novel choke-less Class-E inverter
specifically designed for IPT systems with dual transmitting
coils. Unlike the operating mode of traditional Class-E inverters,
the proposed method multiplexes the dual transmitting coils as
inductors, completing the charging and discharging of the pas-
sive components while achieving quasi-constant current source
excitation for the dual transmitting coils. Thus, the proposed
method eliminates the inductors in the Class-E inverter and
introduces the inherent advantages of the dual transmitting coil
configuration. The paper details the operating principle and
derives the equivalent circuit model for the IPT system based on
this novel inductor-less Class-E inverter. The parameter design
ensures that both the zero-voltage switching (ZVS) condition
and the output characteristic are load-independent, thereby
minimizing the need for complex control to eliminate the control
effort. Experiment results validate the proposed design.

Index Terms—Choke-less, Class-E Inverter, Inductive Power
Transfer, Multiplex, Zero Voltage Switching, Load-Independent
Output.
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NDUCTIVE power transfer (IPT) stands out as an excep-

tional method for power transfer, offering the advantages of
being contactless, safe, and convenient [1], [2]. Its versatility
spans a wide range of applications and power levels, including
consumer electronics [3], [4], biomedical implants [5], [6], and
electric vehicles [7]-[11].

Due to their flexible modulation and high power output
capabilities, most research on IPT focuses on Full-Bridge
(FB) and Half-Bridge (HB) topologies [12], [13]. However,
for low-power IPT applications, bridgeless converters offer
notable advantages, including fewer semiconductor devices
and simpler driving circuits. Furthermore, advancements in
wide-bandgap semiconductor technologies are driving power
electronic converters towards higher voltages, higher frequen-
cies, and more compact designs. The structural characteristics
of bridgeless converters, which eliminate the risk of shoot-
through issues, make them particularly well-suited for high-
frequency applications [14]-[16].

Various bridgeless converters have been explored in pre-
vious research, including forward resonant converters, quasi-
resonant flyback converters, and Class-E family converters
[17]-[20]. However, in IPT applications, these topologies face
specific challenges. The forward resonant converter struggles
with the uncompensated magnetizing inductance of the trans-
former [17], while the quasi-resonant flyback converter is af-
fected by large leakage inductance [18]. Conversely, the Class
E-derived converter has emerged as the preferred bridgeless
topology, particularly for low-power and high-frequency IPT
applications [19], [20].

In the IPT application, the load-independent output charac-
teristic of the Class-E inverter could eliminate the need for
complex closed-loop control to stabilize the output voltage,
which greatly enhances its practicability in IPT applications
[21]-[23]. Sometimes the transmitting coil is preferred to be
excited with a constant current (CC) power source to deal
with the removal and the open-circuit of the receiving coils.
At present, some studies focus on the Class-E inverter with
CC load-independent output in IPT applications.

First, the choke-inductor-based Class-E type IPT inverter is
studied in [24]-[27]. The Class-EF inverter with CC output is
discussed in [24], [25]. This method derives the phase relation-
ship of the output current required for Class EF inverters to
achieve CC output and adjusts the capacitance parameters in
the circuit to achieve CC output and zero-voltage switching
(ZVS). However, this method has a choke inductor and a
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TABLE I
A COMPARISON OF CLASS-E INVERTERS FOR CONSTANT CURRENT OUTPUT
References Topology Choke Resonant Percentage of PCB area Frequency Output power DC-DC
inductors inductors occupied by inductors Efficiency
[25] Class-EF 1 1 8% 6.78 Mhz 56 W 90.0%
[26] Inverse Class-E 1 1 16.6% 3.39 Mhz 5 W 88.0%
[28] Class-E 0 2 31.5% 100 kHz 11w 86.4%
[30] Class-$2 1 2 60% 6.78 Mhz 350 W 91.0%
Proposed Class-E 0 0 0 1 Mhz 100 W 93.2%

resonant inductor on the PCB of the transmitting circuit. Based
on the above method, the inverse Class-E inverter with CC
output and zero current switching (ZCS) is discussed in [26],
[27]. Compared with the converter in [24], [25], this method
could realize ZCS and low total harmonic distortion (THD).
However, this method did not reduce the number of inductors.
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(a) Class-E driver with choke inductor in [26].
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(c) Proposed Class-E driver.

Fig. 1. Comparison of Class-E drivers for IPT to drive dual transmitting coils.

To avoid using the choke inductor and provide a wider
range of load-independent output capabilities, choke-less-
based Class-E inverters are studied in [21]. These studies
replaced the choke inductor with a resonant inductor and
reconstructed the working mode of Class-E inverters. On this
basis, the extra LCC compensation network is added in this
kind of inverter to realize load-independent CC output [28],
[29]. Similarly, this method can also be applied to Class-
® to achieve the CC output of the inverter [30]. Although
this method reduces the inductance value, the two resonant
inductors still occupy considerable space in the transmitting
circuit.

In order to further eliminate inductors in Class-E circuits,
this paper proposes a novel choke-less Class-E inverter as

shown in Fig. 1(c). Unlike the operating mode of the above
Class-E inverters, the proposed method multiplexes the dual
transmitting coils as inductors, completing the charging and
discharging of the passive components while achieving quasi-
constant current source excitation for the dual transmitting
coils. Compared with the aforementioned methods, on the one
hand, the proposed method eliminates the inductors in the
circuit, resulting in a more compact circuit structure. On the
other hand, it directly drives the dual-coil structure. And the
dual-coils, such as BPP and DDQP, have been proven to have
better lateral misalignment as discussed in [31]-[34].

As shown in Fig. 1, to more fairly demonstrate the ad-
vantages of the proposed method, this paper, with the goal
of implementing a constant current source to drive the dual
transmitting coils, compares the implementation schemes for
IPT of Class-E circuits based on choke-inductor-based, choke-
less-based, and proposed approaches. In addition, this paper
provides Table I for a more detailed parameter comparison.
Under the premise of the aforementioned goal, based on the
results of the comprehensive comparisons, the proposed design
eliminates the inductor, significantly reducing the inverter
size while retaining the advantages of a Class-E inverter—
compactness, light weight, soft switching, high-frequency op-
eration, and high efficiency. Removing the bulky magnetic
component brings several benefits, including lower component
cost, reduced weight, and lower volume.

This paper first elaborates on the operating principle and
derives the equivalent circuit model for the IPT system based
on this novel inductor-less Class-E inverter. It then deduces the
zero-voltage switching (ZVS) realization conditions and es-
tablishes the output model of the Class-E inverter. In addition,
the parameter design ensures that both the ZVS condition and
output characteristics are load-independent, thereby minimiz-
ing the requirement for complex control and reducing control
effort. Finally, the correctness of the theoretical analysis has
been verified through simulations and experiments.

II. PROPOSED CIRCUIT TOPOLOGY AND OPERATING
PRINCIPLE

A. Schematic of the Proposed System

This paper proposes a novel Class-E IPT converter that
uses multiplexed resonant inductors and transmitting coils.
In this design, a transmitting coil, Lp ;, replaces the tra-
ditional choke inductor. The proposed converter’s schematic
is illustrated in Fig. 2. The Class-E driver includes a DC
voltage source Upc, a MOSFET switch @, two transmitting
coils, and their respective compensation capacitors. The self-
inductances of the two transmitting coils, Lp ; and Lp o, are
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Fig. 2. Proposed Class-E IPT circuit.

Fig. 3. The structure of BP-type coil.

decoupled, with capacitors Cg used for their compensation.
Capacitor (' isolates the DC component. The receiving coil,
with self-inductance Lg, is coupled with the two transmitting
coils, establishing a loosely coupled transformer with mutual
inductances M, and M. Capacitor C'; provides compensation
in the receiving circuit, while a rectifier converts AC to DC
power to supply a load with resistance R.

The proposed circuit utilizes a BP-type coil, as illustrated in
Fig. 3. The transmitting coils comprise two identical, partially
overlapping coils, Lp ; and Lp o, where Lp 1 = Lp 2 = Lp.
According to the conditions described in [34], when coils
Lp,1 and Lp > are positioned as specified, they are effectively
decoupled from each other, resulting in a mutual inductance
of M 12 = 0.

B. Operation Principle

The key waveforms of the proposed circuit are illustrated in
Fig. 4, ugs and upg denote the gate-source and drain-source
voltages of @), respectively. ip ; and ip o represent the currents
through the transmitting coils Lp; and Lp . up1 and up 2
are the voltages across these transmitting coils. Uy, indicates
the voltage across the compensation capacitor Cg, while ig is
the current through the receiving coil. D stands for the duty
cycle of @), Dy is the dead time ratio, and T is the switching
period.

The operation of the proposed two-coil driving circuit is
segmented into seven distinct modes, as depicted in Fig. 4 and
detailed in Fig. 5. The sequence of these modes is outlined as
follows:

Model 1 [t; —to]: At time t;, the switch @ is turned on. The
voltage of the transmitting coil Lp ; is clamped to Upc, while
the voltage of the capacitor Cyg is clamped to zero. With the
input voltage charging the transmitting coil Lp; through @,
the current of the transmitting Lp ; gradually rises from zero.

ups | o
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Fig. 4. The operation waveforms of the proposed circuit.

The transmitting coil Lp o follows current through capacitor
C1 and Q. At time t5, the current ip o gradually decreases to
Zero.

Mode 2 [t2 — t3]: Both the currents ip ; and ip o increase
gradually. At the time t3, the switch @) is turned off, currents
ip,1 and ip o increases to approach the maximum.

Mode 3 [t3 — t4]: The capacitor Cf, is charged by the coil
Lp,; and coil Lp . Both the currents ip ; and ip o decrease
gradually. At time 74, the current ip o gradually decrease to
Zero.

Mode 4 [ty —t5]: The capacitor Cg, and coil Lp - is charged
by the coil Lp 1, the current ¢p » gradually increases from zero.
At the time t5, the charging current of C'p decreases to zero,
and the voltage U approaches the maximum.

Mode 5 [ts — tg]: The capacitor Cf is discharged. And the
coil ip 7 is charged by the capacitor C'g and the coil Lp ;. At
time tg, the current 7p ; gradually decreases to zero.

Mode 6 [ts —t7]: The coil Lp 1 and Lp 5 is charging by the
capacitor C'g. At time t7, the voltage up ; gradually increases
to the Upc, and the voltage Uy, gradually decreases to zero.

Mode 7 [t7 — ts]: Due to the voltages up 1 and Ug are
clamped, the diode Dq is forced to conduct and the coils
Lp, and Lp o are discharged through Dq. The voltage on
the switch upg is zero until the switch is turned on. The ZVS
of the switch is realized.

C. Equivalent Circuit

The establishment of an equivalent circuit requires the
following three steps:

1) Operation status analysis: Due to the large value of
C1, as illustrated in Fig. 6, when switch @ is turned on,
the voltage across Lp ; is clamped to Upc, while the voltage
across Lp o is clamped to —Upc, which is the voltage of Cj.
The resistors Rg ; and Rg o represent the reflected resistances
of the receiving circuit.

The Rg, can be expressed as:

w2M,?

RSn—
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Fig. 5. Operating modes of the proposed circuit
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where the R, represents the AC equivalent resistance and
can be expressed as:

S8R

Req = PR (2
When switch @ is turned off, as shown in Fig. 7, the
transmitting coils Lp ; and Lp o resonate with their respective
portions of the capacitor Cg. Specifically, Lp; and Cg; form
an active series circuit, while Lp 5 and CF 2 form a passive
series circuit. The currents ¢p ; and ip 2 can be described by
(3). This analysis demonstrates that both Lp ; and Lp 5 have
their own oscillation circuits and can facilitate wireless power
transfer. Moreover, since Lp 1 = Lp 2 in this setup, the current
waveforms of Lp; and Lp o are identical, allowing them to

drive a single receiving coil jointly.

(a) Upc clamped (b) —Upc clamped

Fig. 6. Equivalent circuit model when the switch is turned on.

CE,Z =

(a) Active series circuit (b) Passive series circuit

Fig. 7. Equivalent circuit model when the switch is turned off.

. dug (t
ip1=Cg1 ft( L,

3)

ip2 = Cg2 d“jt(”.

2) Equivalent input voltage: As depicted in Fig. 4, when
@ is conducting in either the forward or reverse mode, the
voltage across Lp 1, denoted as up i, is clamped to the DC
voltage source Upc. When @ is off, the circuit exhibits a
source-free response, and up,; becomes underdamped. Based
on this operating principle, the relationship between up ; and
ug is described by (4).

UE(t) = UDC — ’U,P’l(t). (4)

Due to C isolating the DC component in ug, the voltage
of Lp o can be expressed as

UP72(t) = UE(t) - UDC = 7Up,1(t). (5)

3) Simplify the circuit: Based on (5), the circuit simplifi-
cation process is shown in Fig. 8.

According to Fig. 8, the equivalent circuit of the proposed
converter is shown in Fig. 9. The ip = ip 1 + ip 2.
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The equivalent mutual inductance can be expressed as (8).
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(a) Original circuit (b) Simplified circuit

Fig. 8. Simplified analysis of the inverter output.

Fig. 9. Simplest equivalent circuit of the inverter output.

III. ZERO VOLTAGE SWITCHING ANALYSIS AND THE
MODELING OF THE PROPOSED INVERTER’S OUTPUT

A. Output of the Proposed Inverter

Based on the equation (5), solving up ; can obtain the inputs
for two coils Lp ; and Lp .

The operating waveforms of the proposed IPT driver within
a cycle are shown in Fig. 10. And the operating waveform of
up1(t) can be divided into two modes, i.e., a DC clamped
mode and an underdamped mode. To analyze the fundamental
harmonic component of up 1, a two-step simplification of the
operating waveforms is carried out as follows.

1) The waveform of up; in the underdamped mode can
be approximated as a portion of a sinusoid, as shown

U Uas A
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(a) Sinusoidal approximation (b) Wave re-shaping

Fig. 10. Simplification of the waveform of up 1 (t) for calculation.

in Fig. 10(a). Such that, up; can be expressed as a
piecewise function given by

{

where A, wy, and ¢ are the amplitude, frequency, and
phase angle of the sinusoid, respectively. Since up ; is
a periodic waveform, up 1(0) = Upc can be derived.
The waveform of up ; in the short intervals (0, ¢,) and
(tn, t1) can be linearized, such that sections @ and @
can be approximated as triangles. The duration of these
two intervals is identical, denoted as At and can be
calculated by

—Asin(wot + ¢),
UDC;

0<t<ty
t1 <t<T

up71(t) = (10)

2)

7 arcsin(¥B<)
180degwyq

As shown in Fig. 10(b), sections @ and @ can be merged
as a rectangular section @ + @. Such that, up ; can be
reshaped as a new waveform to simplify the calculation
and expressed as

At=t,—0=1t; —t, = an

0, 0<t<t,
’U,P,l(t) = —A Sin[wo(t — ta)], ta <t<ty, (12)
Upc. t, <t <T

To obtain the amplitude of arbitrary harmonics of up 1(¢),
wo and A should be calculated first.

According to the above analysis, wy could be expressed by

s s

= = 13

th —ta (1= D — Dg)T —2A¢’ (13)
where D is the duty cycle of switch () and Dy is the ZVS
margin of the switch.

When calculating A, the principle of voltage-second balance
on Lp ; within a cycle should be applied:

Wo

LI 24
Upc(T —tp) = Asinfwo(t — ta)]dt = — (tp — ta).
ta u
(14)
With (12), (13) and (14), A can be derived as
A _ 7TUDC [(D+Dz)T+At} (15)

2[(1 =D — Dz)T —2At]"
After obtaining both wg and A, the curve in Fig. 10(b) can
be decomposed into its Fourier components, as given by (16).

o0

upq(t) = Z [an, cos(nwst) + by, sin(nwst)],

n=1

(16)
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Fig. 11. Thevenin’s and Norton’s equivalence of the equivalent circuit.
2 tn 2 T
an = 77 (—A) sin(wot) sin(nwst)dt + T Upc sin(nwst)dt, (17a)
ta ty
2 2 (T
b, = 7 / (—A) sin(wgt) cos(nwst)dt + T Upc cos(nwst)dt. (17b)
tp

where a,, and b,, are calculated by equations (17a) and (17b),
respectively.
Therefore, the amplitude of fundamental harmonic of up ;

can be expressed as
E = /a3 + b3. (18)

According to the above analysis, the value of E is de-
termined by the Upc, D, and wy. Based on the analysis in
Section II, it can be concluded that E is approximately load
independent.

B. Zero Voltage Switching Analysis

T' 45 1ty

Fig. 12. Key waveforms of ZVS.

In the proposed Class-E IPT converter, ensuring zero-
voltage switching (ZVS) requires that ip(ts) < 0, as depicted
in Fig. 12. However, this is not the only condition. It is evident
that when condition ip < 0 is satisfied, U may still be greater
than 0. Therefore, the analysis of ZVS must also be based on
the waveform of Ug. The waveform of Ug is formed by R-L-
C resonance, which is obviously related to Rg, Lg, and CEg.
And the wg denotes the angular oscillation frequency of the
R-L-C circuit, and

1 1

- o2 19
wo LEOE 47 ) ( )

where ¥ = Rg/Lg.

In the previous chapter, this paper also derived the expres-
sion for wy through waveform simplification, which leads to
the following equation:

1 1 T

2= @
InCn 1 " O-D-DyT—2ar 20

When the operating state is in the critical ZVS condition,
Rg under this scenario is defined as Ry, while Cg is defined
as Cg initial- The corresponding equation is expressed as:

1
L CE initial

Therefore, once the rated load R is determined, Rzys can be
calculated, and C'g initial can then be determined using formula
(22).

Rivs _ 7T
4LZ ~ (1-D)T

oAl 21

CE,initial = 5 . (22)
’ T R2
4 Tavs

(1-D)T —2At)?  4L%

To further clarify the design trade-offs, according to (15),
the (22) can be expressed as:

c - 1
E,initial 4(UDS — UDC)2 N RZVS )

U2o(DT —2A1)2 412

(23)

where the Upg is the peak voltage on the MOSFET, and
Ups = A+ Upc.

As depicted in Fig. 13, increasing Cr decreases the ZVS
margin Dy until ZVS is no longer achieved, while decreasing
Cg increases Dy until it reaches the design value Dy ef.
Therefore, the value of Cg can be determined through iterative
simulations. According to the above analysis, the initial value
for Cg can be determined by (22), significantly reducing the
number of iterations required in simulations.

00— — C: =090 40
T W r =1.00 nF
Ce =1.20 nF
4001 ~ Cg=1300F
ups(t)/V / \"Cr = 1.67 nF 20 ugs(ty'V
200 / \
ugs(t)/V
0 0

t/s

Fig. 13. The ZVS condition versus the value of Cg and equivalent load.



TABLE II
PARAMETERS OF PROPOSED CIRCUIT

Symbol  Definition Value
Cg Transmitting-side compensation capacitor 0.85 nF
C1 Transmitting-side blocking capacitor 900 nF
C2 Receiving-side compensation capacitor 0.969 nF
Lp The inductance of the transmitting coil 19.497 uH
Lp o The inductance of the transmitting coil 19.213 pH
Lg The inductance of receiving coil 31.074 uH
M, Mutual inductance 6.613 uH
Mo Mutual inductance 7.172 uH
fs Operating frequency 1 MHz
E Calculated amplitude of fundamental harmonic ~ 179.74 V
Upc Input DC voltage 100 V
UouT Output DC voltage 100 V

Duty cycle 0.55
Dz ZVS margin 0.08

C. Analysis of the Circuit and Parameters Design

Based on the equivalent circuit shown in Fig. 9 and the
modeling of the output voltage of the proposed Class-E
inverter, the input current of the transmitting coils can be
expressed as follows:

\Ups| B
ljwsLe + Re|  wsLy’

[Ip| = (24)
where Ip represents the fundamental component of the input
current for the transmitting coils, and Up ; is the fundamental
component of up 1(¢). The input to the coils can be approx-
imated as a constant current source. Generally, under low
coupling conditions with the coupling coefficient £ < 0.3,
the approximation accuracy of (24) is higher.

To simplify the compensation network and minimize power
loss, the proposed circuit employs only capacitor Cy for
compensation. To determine the appropriate value for Cs
and the relationship between the circuit’s input and output,
Thevenin’s and Norton’s equivalent circuits are depicted in
Fig. 11. The compensation capacitor Cy should be resonant
with the equivalent inductor Lg, as indicated in (25).

1
jwsCQ .

JwsLg = (25)

As shown in Fig. 11, the AC output voltage U, is inde-
pendent of the load. The relationship between the input and
output AC voltages is given by (26).

MgU

U, = ZEUPL
Lg

Clearly, the output voltage is independent of the load.

Consequently, the DC output voltage can be expressed as
follows:

(26)

w|U, TMgE
Uour = ol _ mMpE .

4 4Ly

As detailed in the parameter determination process in
Fig. 14, all circuit parameters are listed in Table II.

In practice, due to the parameter errors and parasitic param-
eters of passive components, we define the load-independent
output range of the proposed circuit as 100 € to 1000 €.
Fig. 15 presents the transfer gain curves under different loads,

27

Give the values of D,
s, D75, Unc, Uours
Lp 1, Lpo, Ls, My, and M,

Calculate the
value of £ and C, by
(11), (13), (15), (17),

(18) and (25).

v

Give the initial value of
Ce

A~y P> &

|
Simulate in SABER Improve the value of

softwave Ce

Decrease the value of
Ce

Fig. 14. The design process of the proposed circuit.

where G(f) = Uout/E. It is evident that all curves intersect
at the same point at a frequency of 1 MHz, confirming the
load-independent characteristic of the transfer gain (output
voltage) within the load range of 100 ohms to 1000 2.
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Fig. 15. The transfer gain of the proposed circuit.

In addition, the output performance under varying mutual
inductance is provided in Fig. 16. Here, the total mutual
inductance is expressed as M = M; + Mo, and all relevant
parameters have undergone linearization processing.

Specifically, the mutual inductance under misalignment con-
ditions is shown in Fig. 17. And the comparison between
single-coil and dual-coil structures under misalignment con-
ditions is presented in Fig. 18 and Fig. 19. In Fig. 18, the
outer dimensions and transmission distance of the two coil
schemes are kept consistent, and their receiving coils are
identical. On this basis, the turn number of the single coil
is adjusted to guarantee equal mutual inductance between the
two structures under the aligned condition. In Fig. 19, My
represents the mutual inductance of the single-coil structure,
while M = M + M5 is defined as the total mutual inductance
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Fig. 16. Output versus mutual inductance.

of the dual-coil structure. Owing to the mutual inductance
characteristics illustrated in Fig. 17, the equivalent mutual
inductance of the dual-coil structure declines more slowly with
misalignment as shown in Fig. 19.
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Fig. 17. Mutual inductance versus misalignment.

Dual-coil

Single-coil

Fig. 18. Comparison of coil structures.

IV. EXPERIMENTAL VALIDATION

To validate the analysis, a 100 W Class-E IPT prototype
has been constructed, as illustrated in Fig. 20. This proto-
type includes a DC input, a transmitting circuit, a loosely
coupled transformer, a receiving circuit, an oscilloscope, and
an electronic load, labeled as components 1 through 6. As
depicted in Fig. 20, the transmitting BP pad features two
identical square coils, each with a side length of 165 mm.
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These coils overlap, with an overall length of 267 mm. The
receiving coil is rectangular, measuring 267 mm in length
and 165 mm in width. The coils form a loosely coupled
transformer with a 45 mm gap between them. All coils are
wound with Litz wire, 3 mm in diameter. The MOSFET used
is a CGE1M120080, and the receiving-side rectifier circuit
comprises four MBR20200 diodes. The electronic load is used
to simulate the equivalent load.

"DC Input

Fig. 20. Photograph of the proposed circuit.

Figs. 21(a) and (b) illustrate the soft-switching waveforms
for equivalent loads of 100 € and 200 (2, respectively. At
an operating frequency of 1IMHz and a 55% duty cycle, the
measured amplitudes of Upg(t) are 429 V for the 100 2 load
and 450 V for the 200 €2 load. The ZVS margin remains nearly
constant despite variations in the load.

The currents through the BPQ-type coils are depicted in
Fig. 22, demonstrating that the experimental waveform aligns
with the theoretical waveform shown in Fig. 4. For a 100 {2
load, the experimental waveforms indicate AC root mean
square (RMS) currents of 1.011 A in Lp; and 1.040 A in
Lp . When the load is 200 €2, the corresponding values
are 1.041 A and 1.063 A, respectively. It proves that the
transmitting coils are driven by a nearly CC power supply.

Fig. 23 displays the DC output Uput and oyt waveforms
of the proposed circuit for varying equivalent loads. As the
load R increases from 100 © to 200 €2, the output voltage
shifts from 100.70 V to 104.43 V, while the output current
decreases from 1.007 A to 0.522 A. These results indicate that
the output voltage remains nearly constant while the output
current is halved. Additionally, Fig. 24 illustrates the output
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voltage as the load gradually changes from 10% load (1000 §2)
to 100% load (100 2). This proves that the output voltage
exhibits a certain load-independent characteristic.

Fig. 25 shows the efficiency performance of the proposed
circuit from DC input to DC output. The results highlight
the circuit’s superior efficiency, with a maximum efficiency
of approximately 93.2%.

Fig. 26 illustrates the loss distribution when the transfer
power is 100 W. In the calculation process, the RMS values
of currents were measured by current probes, the equivalent
series resistance (ESR) values of coils and capacitors were
tested by an LCR meter, and other data were obtained from
relevant datasheets. Under the operating conditions shown in
Fig. 26, it can be seen from the experimental results in Fig. 22
that the RMS current values flowing through Coils Lp 1, Lp 2
and Lg are 1.011 A, 1.040 A and 1.198 A, respectively, and the
corresponding ESR values of these coils measured by the LCR
meter are 0.440 €2, 0.441 €2 and 0.676 2, respectively. Thus,
the corresponding losses can be calculated as 0.45 W, 0.478 W,
and 0.97 W. Similarly, the total loss of the capacitors can
be calculated as 0.683 W. Since the MOSFET achieves ZVS,
only the conduction loss and turn-off loss need to be counted
for its loss calculation. In combination with the MOSFET
datasheet and the measured values of the relevant currents, its
conduction loss and turn-off loss are calculated as 0.2632 W
and 2.2368 W, respectively. In addition, the forward voltage
drop of the diodes in the rectifier bridge is 0.7 V, and the
loss of the rectifier bridge is calculated to be approximately
1.44 W. The remaining losses are obtained by subtracting the
above-mentioned losses from the total loss.

According to Fig. 26, the losses of the inverter account for
approximately 44% of the total losses, thus yielding an inverter
loss of about 3.21 W. Furthermore, the proposed inverter
achieves an efficiency of roughly 97%.

V. CONCLUSION

This paper proposes a novel inductor-less Class-E inverter
specifically designed for Inductive Power Transfer (IPT) sys-
tems with dual transmitting coils. The proposed method mul-
tiplexes the dual transmitting coils as inductors, completing
the charging and discharging of the passive components while
achieving quasi-constant current source excitation for the



150 . . .

100
100.7 V

UOUT (V)

50

O L L ! i I
10 20 30 40 50 60 70 80 90 100
Load Condition (%)

Fig. 24. The output voltage versus the load.

95

Efficiency (%)

80 L L
10 20 30 40 50 60 70 80 90 100
Load Condition (%)

Fig. 25. Efficiency versus the load.

dual transmitting coils. Compared with the traditional Class-E
inverter, the proposed method eliminates the inductors in the
inverter and introduces the inherent advantages of the dual
transmitting coil configuration. A prototype with a 100 V
load-independent output voltage and 100 W output power
has been developed. Experimental results demonstrate that the
circuit achieves zero-voltage switching (ZVS) and maintains
a load-independent output. The maximum efficiency observed
is 93.2%. Compared with the full-bridge IPT circuit, although
the proposed Class-E IPT circuit suffers from inflexible control
schemes and relatively high switching stress, the proposed
circuit features lower construction costs for the main circuit
and driving control circuit, and its bridgeless configuration

Others .
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Fig. 26. Power loss distribution.
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eliminates the risk of bridge arm shoot-through, thus exhibiting
higher reliability.
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