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This article presents a transformer-less bidirectional converter, which is designed with
dual resonant frequencies. It supports Electric Vehicle (EV) charging systems, via
capacitive coupling wireless power transfer (CCWPT) technique. In addition, its
bidirectional power transfer feature can be used to return energy to the stations of the
power-wall systems. This converter smoothly operates in both voltage step-up and step-
down operation modes, which provides soft switching conditions for all semiconductor
switches. The capacitive coupling technique provides robust galvanic isolation between
the primary and secondary sides circuits, while the transformer-less design improves its
efficiency and reduces its volume and cost, significantly. The proposed converter
supports both full-bridge and half-bridge configurations to adapt to diverse power
transfer requirements. The cost-effective CCWPT setup enables multi-EV charging from
a single station. A prototype of the given converter has been meticulously developed and
experimentally validated, demonstrating excellent performance. The converter
efficiently converts output power in a wide range from 200 W to 1000 W, accommodates
input voltage from 300 to 500 V, and delivers a 400 V output voltage, which is suitable

Step up/down. for EV battery charging. It also achieves a maximum efficiency value of 96%, in practice.
NOMENCLATURE
Crelative Relative cost. n Transformer turn-ratio.
Cr Resonant capacitor. Q The quality factor of the resonant circuit.
Cr eq Equivalent resonant capacitor. r Intrinsic resistor.
. Normalized cumulative maximum power through all
Co Output capacitor. Sn switches and diodes.
D Diode component. thody(on) Body diode conducting time.
Normalized cumulative energy is stored in all .
Ecn capaci tors.gy tdetay(on) Power MOSFET delay for turning on.
Ein Normalized cumulﬁ;té\aecfgrirgy Is stored in all tais 2Cdc discharge time from input voltage to 0 V.
F Normalized switching frequency. tdead Dead time between gate-source signals.
fr Resonant frequency. tds(on) Power MOSFET conducting time.
fs Switching frequency. Ts Switching time (1/f5).
Gy, Converter voltage gain transfer function. Ve Forward voltage of the MOSFET body diode.
Go, Output voltage sensitivity to the control signal. Vs Power MOSFET drain-source voltage.
lgs Power MOSFET drain-source current. Vs Power MOSFET gate-source voltage.
lgs Power MOSFET gate-source current. Zin Input impedance.
Lm Magnetizing inductor. Z, Output impedance.
Lr Resonant inductor.
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I. Introduction

In recent years, the proliferation of Electric Vehicles
(EVs) has underscored the significance of efficient EV
charging and power management within the industry [1].
Concurrently, advancements in Power-Wall technology
have aimed to enhance energy storage efficiency by storing
energy during periods of low demand and releasing it when
needed, offering various advantages [2]. Short-distance
wireless power transfer (WPT) methods, typically effective
over distances of less than one meter, include Inductive
Coupling [3] and Capacitive Coupling [4], where the
Capacitive Coupling Wireless Power Transfer (CCWPT)
method has emerged as a safer, more cost-effective, and
reliable alternative to the Inductive Coupling Wireless
Power Transfer (ICWPT) [5].

A compact ICWPT charger for EVs has been introduced
in [6], while the charger achieves higher efficiency by
eliminating the transformer in its converters, its portable
two-section design makes it impractical for large-scale
charging stations serving multiple EVs. Another study, given
in [7], modified the resonant capacitor of an LLC resonant
converter to enable CCWPT. While both configurations ,7]
[8 maintain structural simplicity, they suffer from
inefficiencies.

Converters employed for CCWPT in prior research [9-11],
encountered limitations such as increased power loss due to
excessive parallel components. For CCWPT-based EV
charging applications [12-15] converters integrated within a
car’s bumper [12] faced some drawbacks, including hard-
switching, low switching frequency, and reduced efficiency.
Additionally, CCWPT configurations between the floor and
the vehicle’s underbody [13-15] exhibited inefficiency
caused by high return current and increased power loss,
particularly under no-load conditions. A bidirectional
converter proposed in [16] suffers from incomplete filtering
of switching harmonics, leading to transformer overheating
and degraded efficiency. Similarly, a CCWPT solution
proposed in [17] positions charging plates between the car’s
floor and the ground. However, under typical scenarios with
standard ground clearance, power transfer remains limited,
resulting in suboptimal charging rates. Overall, resonant
converters with transformers provide galvanic isolation and
voltage regulation. Nevertheless, operating these converters
at frequencies deviating from their resonant frequencies
introduces additional harmonics into the transformer, which
increases its power dissipation. Moreover, considering the
cost-effectiveness and structural simplicity of the CCWPT
relative to the ICWPT [4], hybrid WPT or ICWPT solutions
are financially unsuitable for large-scale deployment.

Many resonant converters equipped with parallel resonant
tank components can operate in both step-up and step-down
operation modes. However, bidirectional converters are

essential for applications such as Power-Wall systems. A
previous study introduced a bidirectional resonant converter,
but during reverse conduction, switching harmonics are
inadequately filtered, resulting in higher power losses. While
subsequent studies [19 ,18] attempted to resolve these issues,
the incorporation of a transformer led to additional costs,
energy losses, and high volume. Although another research
work [18], which proposes a three-level bidirectional CLLC
converter with a wide input voltage range, has been designed
to enhance voltage regulation, it exhibits significant
efficiency drops under light-load conditions, alongside
higher losses due to the employed transformer, similar to
[20]. Furthermore, the present paper provides a
comprehensive structure with experimental validation and
deeper mathematical analysis.

In [21] and [22], transformer-less converters have been
introduced. Although these converters feature a low
component count, they experience hard-switching events,
causing higher electromagnetic noise and switching power
losses. While such issues are not critical at low power levels,
they become significant in high-power EV applications,
directly affecting efficiency and limiting the converter's
suitability for high-power industries. In [23], an EV charger
has been proposed; however, the lack of empirical evidence
and detailed mathematical analysis limits further
investigation. The converter also needs a broad switching
frequency range and lacks constant current control.
Similarly, in [24], a DC-DC converter has been introduced
with persisting issues of noise and incomplete soft-switching
operation. Other research works in [25, 26] introduce some
converters that lack adequate filtering before the
transformer, allowing harmonics to pass through the
transformer and cause heating, which ultimately restricts
power density. Some other converters for EV charging with
soft-switching operation are proposed in [27-29], but their
employed transformers increase their sizes, cost, and power
losses. These converters operate at wide switching frequency
ranges, which reduce their efficiencies and result in
significant  circulating currents under off-resonant
conditions. In terms of multi-output charging, most of these
converters incorporated transformers, which, while
supporting high-power applications, escalated costs and
posed control challenges under varying load conditions. In
[30] multi-output transformers faced similar drawbacks,
including a high number of components. The problem of
input/output isolation, as well as broad switching frequency
ranges, persisted in [31-33], complicating control over a
wide power range.

This paper introduces a bidirectional transformer-less
isolated resonant converter, which can be designed
specifically for CCWPT applications. Using the CCWPT
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technique not only reduces costs but also enables the charger
to accommodate multiple vehicles simultaneously. The
transformer-less architecture contributes to enhancing
efficiency and reducing the weight, while capacitive
coupling ensures reliable input-output isolation. The
optimally designed resonant tank mitigates harmonics in
both forward and backward power flow operation modes.
The bidirectional capability further supports Power-Wall
applications, enabling flexible battery allocation.
Additionally, the CCWPT inherently provides robust
isolation between the input and the output ports. To limit
frequency variations, a combination of the half-bridge and
the full-bridge topologies has been adopted, which
minimizes the frequency deviations and enhances the
efficiency, in practice.

The proposed converter and its key waveforms are given
in Section II, and then its mathematical analysis is given in
Section III. Next, a design procedure is introduced in Section
IV, in detail. The proposed converter experimental results are
described in Section V. Finally, the paper is concluded in
Section.

I1. Proposed Converter and Its Key Waveforms

The proposed converter, shown in Fig. 1, is a novel
transformer-less bidirectional resonant converter tailored
specifically for Capacitive Coupling Wireless Power
Transfer (CCWPT) applications. By reconfiguring the
resonant capacitors into two series connections, the design
achieves effective isolation between the input and output
ports, eliminating the need for a transformer. This
architecture is optimized for wireless power transfer (WPT)
applications, with the primary side of the resonant capacitors
installed on a wall structure and the secondary side
embedded within the EV’s bumper. Fig. 2 illustrates the key
waveforms of the converter, highlighting essential
operational characteristics and performance metrics. These
waveforms include critical parameters such as input voltage,
input current, output voltage, output current, and switching
signals, offering a comprehensive view of the converter's
behavior across varying operating conditions. Fig. 3
demonstrates a typical EV charging scenario, displaying the
converter’s practical application in real-world conditions. In
this setup, capacitive plates are strategically positioned on
both the wall and the car’s bumper, separated by a dielectric
foam layer. As the EV approaches the wall, the plates align,
with the dielectric layer preventing any short circuits. With
a separation distance of around 1 mm, it is possible to
achieve capacitance values in the Nano Farad (nF) range.
The foam layer on the wall side provides flexibility, ensuring
reliable and consistent contact between the plates. A notable
advantage of the proposed design is that all key components
are housed on the wall side, resulting in a lighter and more
compact setup on the vehicle. This centralized configuration
enhances cost-effectiveness by allowing the wall-side

infrastructure to be universally applied to multiple vehicles,
making it more economical than designs with components
embedded within each vehicle. While a hybrid WPT setup
with an inductor on the vehicle side is considered, the use of
the car’s bumper for CCWPT requires an alternative
approach to inductive coupling. Given the diversity of
vehicles that may adopt this technology, extensive inductive
windings on each vehicle would be cost-prohibitive.

In summary, the proposed converter offers a transformer-
less, cost-effective solution for efficient CCWPT in EV
charging applications. Its design ensures robust input-output
isolation and demonstrates the feasibility and practicality of
implementing the CCWPT through capacitive coupling
techniques.

III. Mathematical Analysis

Text Both First Harmonic Approximation (FHA) and
small signal models of the converter, as well as its different
components power losses, are given here, respectively.

A. FHA model
To enable a streamlined yet effective analysis of the
proposed converter, the FHA method is applied, which is
solely focused on the first harmonics of the different
switching waveforms of the converter, while omitting
higher-order harmonics, as detailed in [33].
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Fig. 1. Key waveforms of the proposed converter.
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Fig. 4. Different operational states of the proposed converter in
forward operation mode, (a)-(f) full-bridge configuration, and
(g)-(1) half-bridge configuration.

Using the FHA approach, equivalent circuits of the
converter are derived, creating a simplified framework for
evaluating the converter’s performance and core
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characteristics. Fig. 5(a) shows the equivalent circuit of the
proposed converter based on the FHA method, which
reduces the complexity of the overall structure by focusing
exclusively on the first harmonic components. This
simplification enhances understanding and analysis of the
converter’s behavior. Additionally, Fig. 5(b) provides a more
condensed representation of the FHA-based equivalent
circuit, aiding in mathematical analysis and extraction of key
converter parameters. The following equations describe the
relationships between various parameters within the FHA
framework:

(iu(t) =Cp3 2z Ve ®),
. d 1
i(t) = C‘req dt Vee (1), M
Uiy () = i3 (6) = i1 (0.
CTICTZ 8 fs
C = ;R =—R rF =7
Tea Crl + CTZ “ 7-[2 t fr 2
i @)
=1+4+—
m=1+"
Vv, = t) For Full bridge,
v (3)
Vv, = %sin(anSt) For Half bridge.
L./C 1 1
0= YL/C L= (@)
R, 2nfR.Q (2nfs)*C,
1 1
frl = frZ =

S O
27'[\/ Lrl Crl 27'[\/ (Lrl + Lm)Crl

The first harmonic approximation strikes a balance
between accuracy and complexity reduction in the analysis.
Considering the given simplified equivalent circuit of the
proposed converter, as shown in Fig. 5(b), we can write:

V1) =V (8) = v () — v (8) = 0 (6)

7] (t) — VL2 (t) - vLm(t) — Vce (t) =0 (7)

Here, O represents the converter quality factor, F is the
normalized switching frequency, and f; is the switching
frequency. Additionally, f;; and f;> denote the converter's first
and second resonant frequencies, respectively. n also denotes
the transformer turn ratio. The converter's voltage gain is
derived through straightforward algebraic calculations as
follows:

Vin
(m - 1)F? ®)

T nJ(FPm— D)2 1 F2(F — 12(m - DQ?

Fig. 6 shows the proposed converter voltage gain versus
the normalized switching frequency in full- and half-bridge
configurations, by considering (8) under different
conditions.

B. Small Signal Model
In the resonant converters, absence of the DC current and
voltage components across certain circuit elements of the
resonant tank can complicate small-signal modeling by using
the traditional methods. However, as outlined in [34], if the

modulation frequency is significantly lower than the
switching frequency, the resonant capacitor can be
approximated as an inductor, thereby simplifying the small-
signal model of the converter.

Since the proposed converter employs an LLC resonant
circuit; its seventh-order model can be reduced to a third-
order LLC model. Furthermore, according to [34], this third-
order model can be further simplified to a second-order
model, as depicted in Fig. 7, with the relevant equations
derived in (9) to (15) in this section.

The frequency response of this small-signal model is
shown in Fig. 8(a). To regulate the output voltage under step
input voltage and load changes, a conventional Proportional-
Integral (PI) controller is employed, where its frequency
response is plotted in Fig. 8(b). The closed-loop system
frequency response is also given in Fig. 8(c), while Fig. 8(d)
shows the time-domain response of the closed-loop
configuration, demonstrating robust performance under
input and output disturbances. The converter with its control
scheme is illustrated in Fig. 8(e), too. For simplicity, the
forward conduction mode is depicted, here; however, the
converter operates similarly during backward conduction
mode. A microcontroller (uC) is utilized as a voltage-
controlled oscillator (VCO) to implement the conventional
pulse-frequency modulation (PFM) technique. The
microcontroller dynamically determines whether the
converter operates in its half-bridge or full-bridge operation
mode depending on the output power and input voltage
conditions.

(@ (b)
Fig. 5. (a) FHA equivalent circuit of the proposed converter
and (b) its simplified equivalent circuit.
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Some key transfer functions and main parameters of the
proposed converter are summarized, here, as follows:
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C. Power Losses Analysis

Here, power losses of the different components of the
proposed converter are given, in summary.

1. Diode Power Loss
1
nlgy, sin(w,t), 0<t< ETO

ips () = . (16)
0. SToS t<Ty

1
[ 0, 0t <37,
T, T, +T,
ip2(t) = {nlp sino,1),  ZSt<" I V)
T, +T,
V<<,

Where, o, = 2rf,. The average and RMS current values
of each diode are respectively equal to:

R e I (19)
Dlgyg 2 fs RMS Zn]]:S
A

Power losses due to the forward voltage drop, ¥}, and
conduction resistance, 7, of each diode are respectively equal
to:

Pyr=V:I —VI°—VP" 19

Vf_fDlavg_fE_vo? ( )
m? f, 1y

Py =13, 15= E?:R_LP (20)

Therefore, each diode's total conduction loss is identified,
easily.

Ve mefre
Py =Py + Py, = (—f+ 8;RL)P (21)
N

2. Output Capacitor Power Loss

Output capacitor current can be identified as follows:

T,
gy sin(o,t) —1,, 0<t< ?0
leo(®) = " (22)
—I,. 7 S t<Ts
2 f,
ICo_rms =1, ?Fr -1 (23)
s

Therefore, its power loss is given as follows:

_(Eh ey @8
_ oy,

In addition, the following parameters are defined here to
calculate each MOSFET total power loss.

L. A A
YV Vo
anm) P,
+ 1 L
.7, (-) <f> T k2
2n/'m) i, G
Gy,

Fig. 7. Small-signal model of the proposed converter.
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tais: 2Cqc discharge time from input voltage to 0 V.
tieaq: dead-time between gate-source signals.
tdelayony: power MOSFET turning on the delay time.
Trodv(on): bOdy diode conducting time.

Ves: power MOSFET gate-source voltage.

Viyr: power MOSFET body diode forward voltage.
tascony: power MOSFET conducting time.

3. Driving MOSFET Power Loss

This loss is due to gate-source power MOSFET capacitor
charge and discharge, which is given as follows:

Parve = 2 (5 o2 f 25)
4. Power Loss of Body Diode of Each Power MOSFET
tais = Ming (Cas1 + Cas2)fs (26)
thody(on) = taead — tais T tdelay(on) (27)

n.v,

11
<Z£ - tdis) tbody(on)fs (28)

Ly,
5.Power MOSFETSs Turning off Power Loss

Two assumptions are made, here: the first one is in the
meanwhile of power MOSFET turning off, the power
MOSFET current is near the magnetizing inductor current.
The second one is rising voltage and the magnetizing
inductor current is linear.
Vin =V,

n ds(on) ¢ (29)

Vds(t) = Vds(on) +— ¢
dis
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nl, 1 t
w® =T (1) (30)

tdis

Py = 2f, f Vas (Digs (Dt

(31)
_ nVotdis (Vm + ZVds(on))
12L,,
6. Body Diode MOSFET Power Loss
8
tdis = M_Lm (Cdsl + Cdsz)fs (32)
g
tbody(on) = tgeaa — tais + tdelay(on) (33)
nv, /11
Pbody 2VbF ? (ZE - tdis) tbody(on).fs (34)

TABLE | Main Specifications of the Proposed Converter

Prototype.
Parameter Value
Input Voltage 300-500 V
Output Voltage 400 I\E/\fséjliﬁglii;?r
Switches N60E23
Microcontroller STM32F103
Gate-Drive TC4427
Switching Frequency 470-715 kHz
Output Power 200-1000 W
C1,C; 2x10 nF
Cs 5nF
Lit, Lz 2x10 uH
Ln 14 uH
Cout S5uF
IV. Design procedure

A design procedure is given here for the proposed
converter to determine the optimal values of its key
components to achieve the desired performance and
operational characteristics. The symmetrical configuration
of the proposed converter simplifies its design procedure and
improves overall efficiency. Specifically, the capacitance
values are chosen to establish a symmetrical structure, such
that C2=C,3=2C,;=2C, o, and the inductance values are
selected to ensure symmetry, with L,;=L,,. By adopting this
symmetrical structure, the converter can be analyzed as an
LLC resonant structure, where the resonant frequencies f;,
and f;; are equal:

1 1
==y =———="1;
2T Lrl Crl 21T er CT‘eq (35)

These resonant frequencies are two critical design
parameters, which significantly affect the converter

fr1

performance. The selection of capacitance and inductance
values is based on achieving the desired resonant
frequencies, which are determined by considering input and
output voltage requirements, power ratings, and efficiency
targets. These factors influence the choice of switches,
capacitors, and inductors. Furthermore, the design
methodology incorporates considerations beyond electrical
specifications, such as physical layout optimization,
effective thermal management, and mitigation of
electromagnetic interference (EMI). This comprehensive
approach aims to enhance various aspects of the converter's
performance, including efficiency, compactness, cost-
effectiveness, and reliability. Throughout the design phase,
simulation tools, and rigorous mathematical analyses are
utilized to validate the system’s performance and fine-tune
component values for optimal results.

The different design steps for the proposed converter are
outlined in summary as follows:

Step (I) Determine the Input and Output Voltages Variation
Ranges: Establish the maximum and minimum values of
the input and output voltages based on the design
specifications.

Step (II) Calculate Transformer Turns Ratio (n): Use the
given input and output voltage values to calculate the
required transformer turns ratio.

Step (III) Set Voltage Gain Boundaries: Determine the
minimum and maximum voltage gain boundaries based on
the design requirements and constraints.

Step (IV) Determine Quality Factor (Q) and Inductance
Ratio (L,): Calculate the necessary Q-factor and
inductance ratio (L,) wusing the gain-frequency
characteristics of the LLC resonant converter.

Step (V) Calculate Resonant Tank Component Values:
Using (4) and (5), calculate the values of the resonant tank
components (i.e., L., Ln, and C, ) to ensure optimal
performance.

The overall design procedure is summarized in Fig. 9,
which provides a visual representation of the systematic
design process for the proposed converter.

V. Experimental Results

The proposed transformer-less bidirectional converter
underwent a thorough experimental evaluation, combining
simulation analyses with practical testing. Tailored for
applications such as EV charging and Power-Wall energy
storage, the converter leverages CCWPT technology to
enable both step-up and step-down operation modes.

It functions efficiently between two defined resonant
frequencies, ensuring seamless transitions between these
operating modes. When the switching frequency surpasses
the upper limit, the converter intuitively transitions from a
full-bridge to a half-bridge configuration. A prototype
converter, as shown in Fig. 10 and specified in Table I, is
implemented and subjected to comprehensive testing under
extreme conditions to validate its performance.
Experimental results, detailed in Figs. 11 and 12, highlight
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the converter's reliable functionality even under demanding
scenarios.
Power
MOSFETs
Gate Drin ’

y Resonant
| Inductors

Gate-D

als

MOSFETs

elelelelelolalelelele]
(slslslelslslslslelels]

o

(d)
Gate-drive Power MOSFETs
Signals

Fig. 10. Prototype of the proposed converter (a) primary
section, (b) PCB of the primary section, (c) capacitors for the
CCWPT part, (d) PCB of the secondary section, and (e)
secondary part of the prototype converter.

The recorded waveforms from testing substantiate the
system's ability to maintain stable and efficient operation
across its range of applications. A detailed comparison of the
proposed transformer-less bidirectional resonant converter
with other EV chargers in the literature is tabulated in Table
II and illustrated in Fig. 13. This analysis evaluates key
performance metrics, including efficiency, operational

complexity, size, cost, and reliability. Using [5], (36), and
(37), this comparison highlights several distinct advantages
of the proposed converter over the existing solutions, as
follows for the papers in Table II:

En = —(% Lrlfr),
PrnaxTs
Ecny = ﬂ' (36)
PraxTs
Sy = P—(Vmaxslmaxs + Vinax plmax p)-
max

( Crelativve =
n

P (3(Vmax SImax S) + Vmax DImax D)
max

n=1- LOW nom.of Components,
n = 1.25 - MED. nom.of Components,

(37

n =15 - HIGH nom.of Components.

1) The bulky transformer is not used in the transformer-
less architecture, which significantly reduces its size,
weight, and cost as compared to the traditional
transformer-based topologies [27-29, 34-37]. This
reduction in physical component count not only
reduces the manufacturing and maintenance costs,
but also improves the power density.

2) The proposed methods use the CCWPT to ensure
robust isolation between the input and output ports
without requiring a magnetic transformer,
simplifying the overall design and reducing
electromagnetic interference (EMI).

3) The proposed converter's high efficiency is another
critical advantage in comparison to [7, 12,27, 34, 35].
Experimental validation, as shown in Fig. 14,
demonstrates a maximum efficiency of up to 96%,
outperforming most other solutions listed in Table II.
This high efficiency is achieved through the
implementation of soft-switching techniques, such as
ZVS and ZCS.

4) The converter ZVS and ZCS soft-switching operations
minimize the EMI noise and power switching losses
that make it possible to design the converter at high
switching frequencies. High-frequency operation
reduces volumes of the passive components including
the required filters and resonant tank components,
achieving a more compact, efficient, high power
density, and reliable structure, in practice. These
features not only improve energy conversion
performance but also reduce thermal stress on the
components, extending their operational lifespan,
too.

5) Furthermore, the flexibility of the proposed converter
stands out in its ability to seamlessly transition
between half-bridge and full-bridge configurations,
which enables the converter to operate efficiently in
both step-up and step-down operation modes,
maintaining consistent performance across a wide
range of input and output voltage conditions contrary
to converters in [7, 12]. In contrast, many
conventional chargers are limited to either step-up or
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step-down operation, which restricts their application
scope such as converters in [27-29, 34-37].

6) The ability to adapt the switching frequency within a
controlled range further minimizes switching stress,
enhancing reliability and operational stability.

7) Reliability and safety are other advantages of the
proposed method. The converter incorporates an
overload protection mechanism, which defines a safe
power margin and employs current protection to
prevent damage under fault conditions. This feature,
combined with the compact and simplified design,
ensures dependable performance even under the
worst-case scenarios.

Table II demonstrates that the proposed converter
outperforms others in terms of operational simplicity and
robustness, making it a more viable option for practical
applications. In summary, the proposed transformer-less
bidirectional resonant converter offers several benefits over
the other existing methods, including superior efficiency,
compactness, operational flexibility, and reliability. These
attributes, as highlighted in Table II and supported by
experimental results, establish the proposed solution as a
cutting-edge alternative for EV charging and Power-Wall
applications, addressing the limitations of current
technologies while meeting the demands of modern power
conversion systems.

ZVS Turmon: [:
e bgsor

(b)

Fig. 11. Experimental open-loop waveforms of the proposed
converter at 300 V input voltage and 1 kW output power: (a)
gate-source voltage of Oy, drain-source voltage of Oz, and
drain current and loss of Qy, respectively, and (b) Current
through L, voltage across Cr, and current and loss of Qs,
respectively.

(®
Fig. 12. Experimental open-loop waveforms of the proposed
converter under 500 V input voltage and also 200 W output
power values, (a) gate-source voltages of Q; and drain-source
of 02, O drain current and loss, respectively, and (b) L,
current, Cr voltage, Qs current and its loss, respectively.
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Fig. 13. Comparison of the proposed converter (P.C.) with
some conventional converters including a comparison of (a)
relative cost, (b) normalized resonant capacitor energy (c)
normalized power stress on power MOSFETs, and (d)
normalized resonant inductor energy.
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transformer and employing capacitive coupling, the design
achieves robust input-output port isolation, a maximum
efficiency of 96%, reduced volume, weight, and cost, as well

mMOSFETs

= Inductors as high power density—addressing critical challenges in

. modern power conversion systems. The bidirectional
Capacitors . . . . .
functionality enables seamless integration with Power-Wall

systems, supporting partial allocation of EV battery storage.

- The converter's ZVS and ZCS soft-switching operations,

experimentally validated, minimize EMI noise and

95

—_ -
\C -
S P I . . . . .
.90 L switching losses, allowing for high-frequency operation.
=Y yeumummmmE® . . ) .
5 AT This reduces the volume of passive components, including
Q . .
E 85 T 400V (Experimental =+ 200V (Simtlted) ﬁlter's and re§onant tank elet'nents, resultlng. ina comp?ct,
o = 400V (Simulated) == %200 V (Experimental) efficient, high-power-density, and reliable design.
80 Additionally, the converter generates sinusoidal current and
200 300 400 500 600 700 800 900 10 | " ih Tow h o di . .
Output Power (W) voltage waveforms with low harmonic distortion, ensuring
(b) efficient power transfer across capacitive plates and
Fig. 14. (a) Power losses of the MOSFETS, inductors, and magnetic components. The ability to transition between half-

capacitors used in the prototyped converter and (b) simulated
and experimental efficiency curves of the proposed converter
Versus output power.

bridge and full-bridge configurations reduces the switching
frequency range, facilitating both step-up and step-down
operations with minimal switching stress. Experimental

VI. Conclusion results underscore the converter's potential as an efficient

This paper proposes a novel transformer-less bidirectional and practical solution for wireless EV charging and energy
resonant converter utilizing the CCWPT technique for EV storage systems, advancing the state of power electronics
charging and Power-Wall applications. By eliminating the research.

TABLE Il Comparison of the Proposed Converter with Conventional Resonant Converters
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