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Abstract—The pulse-density-modulation (PDM) zero-voltage-
switching (ZVS) full-bridge converter is a promising power con-
verter for wireless power transfer (WPT) systems. The converter
has the advantages of both direct conversion ratio control and load-
independent soft switching. These advantages reduce the overall
system complexity and power loss. However, the converter suf-
fers from the limitations of large low-frequency subharmonics, a
narrowed modulation range, and a large modulation delay. These
limitations are caused by the existing PDM strategy, which was
designed to generate a symmetric ZVS current to ensure the ideal
ZVS for minimizing the switching loss. This paper finds that even
with an asymmetric ZVS current, the ideal ZVS can still be ensured
by the negative feedback effect of the dead-time voltage. Based on
this finding, a PDM strategy that allows asymmetric ZVS currents
is proposed to overcome the aforementioned limitations. In exper-
iments, a ZVS full-bridge converter was modulated by the existing
and the proposed PDM strategies, respectively. The converter per-
formances and responses were compared and the results showed
that the proposed PDM strategy can overcome the limitations while
achieving ZVS. The proposed PDM strategy was also tested in a
WPT system for verification.

Index Terms—Dead-Time, pulse-density-modulation (PDM),
wireless power transfer (WPT), zero-voltage-switching (ZVS).

NOMENCLATURE

Vdc Converter dc side voltage [V].
d Pulse density.
fs Fundamental switching frequency [Hz].
Ts Fundamental switching period [s].
Tdead Dead-Time period [s].
COSSQ Charge equivalent switch output capacitance

[F].
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LZVS ZVS inductance [H].
RZVS ZVS branch equivalent series resistance [Ω].
τZVS ZVS time constant [s]: RZVSCOSSQ .
uAB Switch-Node voltage [V].
uAB avg Average switch-node voltage [V].
uAB Tdead avg Average dead-time switch-node voltage [V].
ioptimal Optimal current for ideal ZVS [A].
iZVS ZVS current [A].
ΔiZVS Peak-to-Peak ZVS current [A].
iZVS avg Average ZVS current [A].
iZVS min Minimum ZVS current [A].
iZVS max Maximum ZVS current [A].
iZVS mid Midrange ZVS current [A]: (iZVS min+

iZVS max )/2.
Cshape ZVS current shape coefficient.
iL Resonant current [A].
t Time [s].

I. INTRODUCTION

N EAR-FIELD magnetic coupling-based wireless power
transfer (WPT) is a promising technology for fully au-

tomated electric vehicles, industrial robots, and consumer elec-
tronics [1]–[10]. In these applications, WPT systems must cope
with various coupling and load conditions, and therefore, neces-
sitate output regulation and efficiency maximization capabilities
[11]–[17]. These capabilities rely on flexible and efficient power
conversion techniques. The recently proposed pulse-density-
modulation (PDM) zero-voltage-switching (ZVS) full-bridge
converter [18] is well suited to meet the requirements of WPT
systems as the converter can directly control the conversion ratio
while achieving soft switching regardless of the coupling and
load conditions.

The circuit diagram and ideal operating waveforms of the
PDM ZVS full-bridge converter described in [18] are shown in
Figs. 1 and 2, respectively. The pulse density d of the switch-
node voltage uAB is modulated to control the equivalent con-
version ratio when driving a resonant load. A ZVS branch that
consists of a ZVS inductor LZVS and a dc blocking capacitor
Cb is connected between the switch nodes A and B to provide
a ZVS current iZVS that charges/discharges the switch output
capacitances COSS1−4 in dead-time transients to achieve soft
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Fig. 1. Circuit diagram of PDM ZVS full-bridge converter [18].

Fig. 2. Ideal operating waveforms with the existing PDM strategy [18].

Fig. 3. Block diagram of the existing PDM strategy [18].

switching. The equivalent series resistance (ESR) of the ZVS
branch is denoted by RZVS .

The waveforms shown in Fig. 2 were derived from the existing
PDM strategy [18], whose block diagram is shown in Fig. 3.
The strategy was elaborately designed to generate a symmetric
iZVS to ensure the ideal ZVS for minimizing the switching loss.
However, the converter with the existing PDM strategy suffers
from the limitations of large low-frequency subharmonics on
uAB , a narrowed modulation range, and a large modulation
delay. The large low-frequency subharmonics are created by the
nested frequency modulator “FM” and lead to large ripples on
the converter input and output power. The modulation range is
narrowed by the lower limit on the pulse density d. The limit is to
prevent “FM” from falling into a too long modulation period but
it reduces the range of conversion ratio. The large modulation
delay is introduced by the small accumulation coefficient ke that
ensures the stability of the delta-sigma loop [18].

This paper finds that even with an asymmetric iZVS , the ideal
ZVS can still be ensured if Cb is removed, as the experimental
waveforms shown in Fig. 4, where the asymmetric iZVS has a
nonzero average (−0.5 A) and a near-zero midrange, and the

Fig. 4. ZVS achieved with an asymmetric ZVS current.

absolute values of the minimum and maximum iZVS both equal
the optimal current (1 A) for ideal ZVS. The mechanism is
explained in Section II by the negative feedback effect of the
dead-time voltage. By using this effect, Section III proposes
a simplified PDM strategy that allows asymmetric iZVS and
overcomes the limitations of the existing PDM strategy. Exper-
iments of a standalone converter and a WPT system are given
in Sections IV and V, respectively. Section VI concludes the
paper.

II. NEGATIVE FEEDBACK EFFECT OF DEAD-TIME VOLTAGE

A. Dead-Time Transients and Switching Modes

As shown in Figs. 2 and 4, a PDM ZVS full-bridge converter
may have six types of dead-time transients when uAB changes
between the positive (P), negative (N), and zero (0) states. In
Fig. 5, the six types of transients are denoted by 1) N-to-0, 2) 0-
to-P, 3) N-to-P, 4) P-to-0, 5) 0-to-N, and 6) P-to-N, respectively,
and classified into two groups, i.e., the rising transients and
the falling transients. Within the transients, the load current iL
is neglected because it crosses zero when the load is tuned at
resonance, and iZVS is treated as constant because the dead-
time period Tdead is much shorter than the pulse width of uAB .
The values of iZVS in the three types of rising transients are
assumed to be identical and equal the minimum value iZVS min .
Similarly, the values of iZVS in the falling transients are assumed
to equal the maximum value iZVS max . Depending on iZVS min
and iZVS max , the six types of transients vary between four
switching modes [10]: 1) post ZVS, 2) ideal ZVS, 3) partial ZVS,
and 4) hard switching. The boundary current values are ioptimal ,
−ioptimal , and 0, where ioptimal is the optimal current for ideal
ZVS, i.e., the minimum current that can fully charge/discharge
the switch output capacitances in a dead-time period

ioptimal =
2COSSQVdc

Tdead
(1)

where COSSQ is the charge equivalent switch output capac-
itance, which is a function of the converter dc side voltage
Vdc [19].

B. Dead-Time Voltage

As per Fig. 5(a)–(f), the integrals of uAB during dead-time
transients are functions of iZVS min and iZVS max , and can be
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Fig. 5. Six types of dead-time transients and four switching modes.

expressed as

∫
N−to−0

uABdt =

⎧⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎩

VdcTdead
ioptimal

2iZVS min
if iZVS min ≤ −ioptimal

−VdcTdead

(
iZVS min

2ioptimal
+ 1

)
if − ioptimal <iZVS min < 0

−VdcTdead if 0 ≤ iZVS min

(2)∫
0−to−P

uABdt =

⎧⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎩

VdcTdead

(
ioptimal

2iZVS min
+ 1

)
if iZVS min ≤ −ioptimal

−VdcTdead
iZVS min

2ioptimal
if − ioptimal < iZVS min < 0

0 if 0 ≤ iZVS min

(3)∫
N−to−P

uABdt =

⎧⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎩

VdcTdead

(
ioptimal

iZVS min
+ 1

)
if iZVS min ≤ −ioptimal

−VdcTdead

(
iZVS min

ioptimal
+ 1

)
if − ioptimal < iZVS min < 0

−VdcTdead if 0 ≤ iZVS min

(4)

∫
P−to−0

uABdt =

⎧⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎩

VdcTdead
ioptimal

2iZVS max
if ioptimal ≤ iZVS max

−VdcTdead

(
iZVS max

2ioptimal
− 1

)
if 0 < iZVS max < ioptimal

VdcTdead if iZVS max ≤ 0
(5)∫

0−to−N
uABdt =

⎧⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎩

VdcTdead

(
ioptimal

2iZVS max
− 1

)
if ioptimal ≤ iZVS max

−VdcTdead
iZVS max

2ioptimal
if 0 < iZVS max < ioptimal

0 if iZVS max ≤ 0
(6)

and
∫

P−to−N
uABdt =

⎧⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎩

VdcTdead

(
ioptimal

iZVS max
− 1

)
if ioptimal ≤ iZVS max

−VdcTdead

(
iZVS max

ioptimal
− 1

)
if 0 < iZVS max < ioptimal

VdcTdead if iZVS max ≤ 0
(7)
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respectively. The average dead-time switch-node voltage
uAB Tdead avg is the sum of (2)–(7) weighed by their densities
dN−to−0 , d0−to−P , dN−to−P , dP−to−0 , d0−to−N , and dP−to−N
over Tdead , i.e.,

uAB Tdead avg

=
dN−to−0

Tdead

∫
N−to−0

uABdt +
d0−to−P

Tdead

∫
0−to−P

uABdt

+
dN−to−P

Tdead

∫
N−to−P

uABdt +
dP−to−0

Tdead

∫
P−to−0

uABdt

+
d0−to−N

Tdead

∫
0−to−N

uABdt +
d0−to−N

Tdead

∫
0−to−N

uABdt.

(8)

Equation (8) can be simplified as

uAB Tdead avg =
d

2Tdead

(∫
N−to−P

uABdt+
∫

P−to−N
uABdt

)

(9)

by using the relationships of{∫
N−to−P uABdt =

∫
N−to−0 uABdt +

∫
0−to−P uABdt∫

P−to−N uABdt =
∫

P−to−0 uABdt +
∫

0−to−N uABdt
(10)

and⎧⎪⎪⎨
⎪⎪⎩

d0−to−P + dN−to−P = d0−to−N + dP−to−N =
d

2

dP−to−0 + dP−to−N = dN−to−0 + dN−to−P =
d

2

(11)

where (10) are directly derived from (2)–(7), (11) are derived
from the PDM rules that the positive and negative pulses in uAB
occur alternately and the total pulse density equals the specified
d [18].

In (4) and (7), iZVS min and iZVS max can be expressed by
the midrange ZVS current iZVS mid and the peak-to-peak ZVS
current ΔiZVS as⎧⎪⎨

⎪⎩
iZVS min = iZVS mid − ΔiZVS

2

iZVS max = iZVS mid +
ΔiZVS

2
.

(12)

ΔiZVS is determined by the relationship of

LZVSΔiZVS =
VdcTs

2
(13)

where Ts is the fundamental switching period, i.e., the switching
period when d = 1. When the ZVS inductance is optimized
as [19]

LZVS =
TsTdead

8COSSQ
(14)

ΔiZVS is twice of ioptimal , i.e.,

ΔiZVS = 2ioptimal (15)

and (12) becomes{
iZVS min = iZVS mid − ioptimal

iZVS max = iZVS mid + ioptimal.
(16)

Fig. 6. uAB Tdead avg as a function of iZVS m id .

Using the expressions of (16) and substituting (4) and (7) into
(9), uAB Tdead avg is written as a function of iZVS mid , namely

uAB Tdead avg = −dVdc

2

×
[

iZVS mid

|iZVS mid | + ioptimal
+

iZVS mid

max (ioptimal, |iZVS mid |)
]

.

(17)

Fig. 6 shows the relationship between uAB Tdead avg and
iZVS mid described by (17). The slope at origin is derived from
(17) as

duAB Tdead avg

diZVS mid

∣∣∣∣
(0,0)

= − dVdc

ioptimal
. (18)

C. Negative Feedback Effect

Since the densities of the positive and negative pulses in uAB
are equal, the average of uAB depends only on uAB Tdead avg

uAB avg =
2Tdead

Ts
uAB Tdead avg . (19)

The average ZVS current iZVS avg may differ from iZVS mid ,
depending on the shape of iZVS

iZVS avg = iZVS mid + CshapeΔiZVS (20)

where Cshape is a shape coefficient. For example, the current
waveform shown in Fig. 4 has a Cshape = −0.25.

In a ZVS full-bridge converter without Cb , the dynamical
relationship between uAB avg and iZVS avg can be described by
the averaged differential equation

LZVS
diZVS avg

dt
+ RZVSiZVS avg = uAB avg . (21)

With (18)–(20), (21) can approximately be transformed as

LZVS
diZVS mid

dt
+

(
RZVS +

2dVdcTdead

ioptimalTs

)

iZVS mid ≈ −RZVSCshapeΔiZVS (22)
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TABLE I
CONVERTER PARAMETERS

Switching device model: EPC2010C.

Fig. 7. Block diagram of the proposed PDM strategy.

where ΔiZVS is treated as constant. In (22), the dead-time volt-
age provides an additional negative feedback term that pushes
iZVS mid toward the steady-state value

iZVS mid ≈ −Cshape

1 + 2dVd c Td e a d
RZ V S io p t im a l Ts

ΔiZVS . (23)

By using (1), (23) can be simplified as

iZVS mid ≈ −Cshape

1 + dTd e a d
2

τZ V S Ts

ΔiZVS (24)

where τZVS is the ZVS time constant

τZVS = RZVSCOSSQ . (25)

The right-hand side of (24) can be very close to zero, and it
explains the waveforms shown in Fig. 4. The waveforms were
obtained with d = 0.5, Cshape =−0.25, and the other parameters
listed in Table I. As per the parameters and (24), the absolute
iZVS mid is smaller than 45 mA, which is negligible as com-
pared with ΔiZVS . Therefore, iZVS min � −ΔiZVS /2 = −1 A
= −ioptimal and iZVS max � ΔiZVS /2 = 1 A = ioptimal , meet-
ing the conditions for the ideal ZVS. Meanwhile, iZVS avg �
CshapeΔiZVS = −0.5 A, as shown in Fig. 4.

III. PROPOSED PDM STRATEGY

A. Operating Principle

Utilizing the negative feedback effect of the dead-time volt-
age, a simplified PDM strategy that allows asymmetric ZVS
currents is proposed for the ZVS full-bridge converters without
dc blocking capacitors. The block diagram of the strategy is
shown in Fig. 7. The input signals include a continuous pulse c

Fig. 8. Ideal waveforms of the proposed PDM strategy when d = 0.5.

and a specified pulse density d. The frequency of c equals the
fundamental switching frequency fs = 1/Ts . The range of d is
[0, 1]. The output signals are u∗

A and u∗
B , which are the refer-

ences for the switch nodes A and B, respectively. The strategy
uses an adder, a comparator, five logic gates, and three delay
units. The delay units are triggered by the rising and falling
edges of c. Therefore, the iteration frequency of the strategy is
2fs . In each iteration, the difference between d and u∗

A XOR
u∗

B is accumulated and the result is denoted by e. If e > 0, u∗
A

equals c, otherwise equals the previous u∗
A . u∗

B always equals
the previous u∗

A . The overall operation of the strategy can be
described by a set of difference equations⎧⎪⎪⎨

⎪⎪⎩

e[n] = e[n − 1] + d[n] − u∗
A [n − 1] ⊕ u∗

B [n − 1]

u∗
A [n] = e[n] > 0 ∧ c[n] ∨ ¬e[n] > 0 ∧ u∗

A [n − 1]

u∗
B [n] = u∗

A [n − 1]

(26)

where n is the index of the iterations, “∧,” “∨,” “¬,”and “⊕” are
the logic symbols of AND, OR, NOT, and XOR, respectively.
Fig. 8 shows the ideal waveforms when d = 0.5 as an example.

B. ZVS Current Analysis

When using the proposed PDM strategy, iZVS and Cshape vary
with d, as the examples shown in Table II. More generally, when
d is a rational number that can be expressed as the quotient of
two coprime integers p and q, i.e.,

d =
p

q
(27)

there exists a minimum modulation period qTs , and Cshape can
be calculated in qTs and expressed as

Cshape = ±mod (q − p, 2)
2q

(28)

where the sign of Cshape depends on the initial value of e. When
d is an irrational number, there is no modulation period, and
Cshape approaches to 0 when the period for calculation extends
to infinity. The relationship between Cshape and d is shown in
Fig. 9.
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TABLE II
MODULATION EXAMPLES

Fig. 9. Cshap e versus d when using the proposed PDM strategy.

As per (28) and Fig. 9, for any d within (0, 1], the absolute
Cshape is limited by

|Cshape | ≤

⎧⎪⎪⎨
⎪⎪⎩

d

2
if 0 < d ≤ 0.5

1 − d

2
if 0.5 < d ≤ 1.

(29)

By substituting (29) into (24), the range of |iZVS mid | for any d
within (0, 1] is obtained

|iZVS mid | ≤ 0.25

1 + 0.5Td e a d
2

τZ V S Ts

ΔiZVS (30)

where the equality holds when d = 0.5. Therefore, with a suitable
relationship between τZVS , Tdead , and Ts , the proposed PDM
strategy can ensure that iZVS mid � 0 as compared with ΔiZVS ,
and achieve the ideal ZVS for any d.

IV. EXPERIMENTS OF A STANDALONE CONVERTER

To verify the advantages of the proposed PDM strategy over
the existing one, the two strategies were adopted in the same

Fig. 10. Experimental ZVS full-bridge converter [18].

Fig. 11. Measured converter power losses versus calculated hard switching
losses.

gallium-nitride (GaN) device-based ZVS full-bridge converter
for comparison. The converter was described in [18] and shown
in Fig. 10. The parameters are listed in Table I. The dc blocking
capacitor on the ZVS branch was removed for both strategies.

A. Steady-State Performances

The steady-state performances of the converter were tested
to confirm the ZVS operation and investigate the subharmonics
of uAB . As shown in Fig. 11, the measured power losses of
the converter with different d were about 0.2 W, which were
much lower than the calculated hard switching power losses,
indicating that the ZVS was achieved by both the PDM strate-
gies. Fig. 12 shows the measured waveforms when d = 0.5 as
an example. Fig. 13 compares the subharmonics of |uAB | with
normalized units. |uAB | is of interest because the positive and
negative pulses of uAB are equally effective when driving a reso-
nant load. The dc component of |uAB | equaled the specified d for
both the PDM strategies, while the low-frequency subharmonic
at 0.25fs was eliminated by the proposed one. As the remaining
subharmonics were concentrated closer to fs , the power flow
can be controlled more smoothly and the electromagnetic in-
terferences can be suppressed more easily. Similar results were
also obtained with different d.
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Fig. 12. Steady-State waveforms when d = 0.5, using (a) the existing and (b) the proposed PDM strategies.

Fig. 13. Subharmonic spectrum of |uAB | when d = 0.5.

B. Sinusoidal Responses

The sinusoidal responses of the converter were tested to inves-
tigate the range of the achievable d. Fig. 14 shows the measured
responses when the specified d = 0.5 + 0.5 sin (4000πt), i.e., a
biased 2 kHz sine wave with a maximum of 1 and a minimum of
0. The existing PDM strategy needed an appropriate lower limit
on d to ensure the stability and continuous operation, while the
proposed one could accurately follow the specified d, covering
the full range of [0, 1].

C. Step Responses

The step responses of the converter were tested to investigate
the modulation delay. Fig. 15 shows the measured responses

when the specified d steps between 0.2 (the lower limit of the
existing PDM strategy) and 1. With the existing PDM strat-
egy, the modulation delays were about 4 μs (4Ts) and 10 μs
(10Ts) for the step up and down, respectively, depending on the
accumulation coefficient ke . In contrast, uAB responded to the
changes of d immediately when using the proposed PDM strat-
egy. The fast response can simplify the system level dynamical
analysis and control [20]–[22] as the modulation can be treated
as ideal.

V. EXPERIMENTS OF A WPT SYSTEM

The proposed PDM strategy was further tested in a WPT sys-
tem with dual-side PDM ZVS full-bridge converters, as shown
in Fig. 16. The circuit diagram of the system is shown in Fig. 17.
The parameters are listed in Table III. The transmitting side con-
verter operates as an inverter that injects energy to the transmitter
resonator, whose inductance, capacitance, and ESR are denoted
by L1 , C1 , and R1 , respectively. The receiving side converter
operates as a synchronous rectifier that absorbs energy from the
receiver resonator, whose inductance, capacitance, and ESR are
denoted by L2 , C2 , and R2 , respectively. The pulse densities
of the two converters are denoted by d1 and d2 , respectively.
The fundamental switching frequency was slightly adjusted to
match with the resonant frequency.

A. Steady-State Performances

The steady-state performances of the system were tested at
three operating points as listed in Table IV. The corresponding
waveforms are shown in Fig. 18. For all the three operating
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Fig. 14. Sinusoidal responses when d = 0.5 + 0.5 sin (4000πt), using (a)
the exiting PDM strategy with a lower limit = 0.2 on d, (b) the exiting PDM
strategy with a lower limit = 0.01 on d, (c) the exiting PDM strategy without
limits on d, and (d) the proposed PDM strategy.

points, the input dc voltage of the system was fixed at 40 V, and
the pulse densities d1 and d2 were adjusted to achieve a unity dc
voltage gain with the highest system efficiency from dc input to
dc output. The efficiency was higher than 90% when the power
transfer distance was 15 cm, i.e., half of the coil diameter, and
was higher than 80% when the distance was doubled.

Fig. 15. Step responses when d steps between 0.2 and 1, using (a) the existing
and (b) the proposed PDM strategies.

Fig. 16. Experimental WPT system [18].

TABLE III
WPT SYSTEM PARAMETERS

B. Sinusoidal Responses

Under the conditions of 40 V input dc voltage, 30 cm power
transfer distance, and 100 Ω load resistance, Fig. 19(a) and
(b) shows the system sinusoidal responses when d1 = 0.5 +
0.5 sin (4000πt), d2 = 0.5 and d1 = 0.5, d2 = 0.5 + 0.5 sin
(4000πt), respectively. For both the cases, the pulse densities of
the switch-node voltages uAB1 and uAB2 accurately followed the
specified d1 and d2 , respectively. The midrange ZVS currents
were always maintained near zero so that the ZVS operation of
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Fig. 17. Circuit diagram of the experimental WPT system.

Fig. 18. Waveforms at three steady-state operating points. (a) Distance = 15 cm, load resistance = 100 Ω. (b) Distance = 30 cm, load resistance = 100 Ω.
(c) Distance = 30 cm, load resistance = 50 Ω.
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TABLE IV
OPERATING POINTS

Fig. 19. Sinusoidal responses under the conditions of 40 V input dc voltage,
30 cm power transfer distance, and 100 Ω load resistance when (a) d1 = 0.5 +
0.5 sin (4000πt), d2 = 0.5, and (b) d1 = 0.5, d2 = 0.5 + 0.5 sin (4000πt).

the converters was ensured. The sinusoidal d1 and d2 leaded to
the changes of resonant current envelopes, as well as the changes
of the envelope of uAB2 .

C. Step Responses

Under the same conditions as the sinusoidal test, Fig. 20(a)
and (b) shows the system step responses when d1 steps between
0.2 and 1, d2 = 0.5, and d1 = 0.5, d2 steps between 0.2 and 1,
respectively. For both the cases, the switch-node voltages uAB1
and uAB2 responded to the changes of d1 and d2 immediately,
and triggered complex dynamic processes. Consequently, the
system dynamical behaviors can be well studied on this experi-
mental platform.

VI. CONCLUSION

In a ZVS full-bridge converter, the switch-node voltage in
dead-time transients depends on the ZVS current. The average
switch-node voltage in multiple dead-time transients can pro-
vide a strong negative feedback effect that pushes the midrange
ZVS current toward zero regardless of its average value so that

Fig. 20. Step responses under the conditions of 40 V input dc voltage, 30 cm
power transfer distance, and 100 Ω load resistance when (a) d1 steps between
0.2 and 1, d2 = 0.5, and (b) d1 = 0.5, d2 steps between 0.2 and 1.

the ideal ZVS can be ensured even with an asymmetric ZVS
current. This effect is utilized by the proposed PDM strategy
to overcome the limitations of the existing PDM strategy for
ZVS full-bridge converters. As compared with the existing one,
the proposed PDM strategy exhibits lower low-frequency sub-
harmonics, wider modulation range, and faster response. With
these advantages, PDM ZVS full-bridge converters can be one
of the ideal choices for WPT systems.
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