
10700 IEEE TRANSACTIONS ON POWER ELECTRONICS, VOL. 34, NO. 11, NOVEMBER 2019

Highly Efficient Bridgeless Dual-Mode Resonant
Single Power-Conversion AC–DC Converter

Sooa Kim, Student Member, IEEE, Bong-Hwan Kwon , Member, IEEE, and Minsung Kim , Member, IEEE

Abstract—This paper presents a bridgeless dual-mode single
power-conversion ac–dc converter that can achieve a high con-
version efficiency. By adopting a bidirectional switch, we remove
a full-bridge diode rectifier from the grid side of the proposed
converter, and thereby, reduce the number of components and
the primary-side conduction loss. To adapt the converter to 1-kW
power applications with a bidirectional switch, we used a series-
resonant circuit in the output voltage doubler on the secondary
side. The series-resonant circuit also provides zero-current switch-
ing turn-OFF at the output diode, and thereby, reduces the reverse-
recovery loss. To attain medium–high power capability with an
appropriate transformer, the proposed converter operates in both
discontinuous conduction mode and continuous conduction mode.
The operation principle of the converter is presented and analyzed.
By using the dual-mode control algorithm, the proposed converter
achieves a high power factor of 0.994 and maximum efficiency of
97.3%. Experimental results for a prototype 1-kW ac–dc converter
verify these characteristics.

Index Terms—AC–DC power conversion, bridgeless converter,
bidirectional switch, continuous conduction mode (CCM), discon-
tinuous conduction mode (DCM), series-resonant circuit.

I. INTRODUCTION

POWER factor correction (PFC) ac–dc converters are widely
used in grid-connected power-supply systems such as com-

mon dc bus suppliers in the buildings/mobile charging stations
and electric-vehicle chargers. These PFC ac–dc converters must
meet harmonic regulation requirements and standards such as
IEC 61000-3-2 and IEEE 519; and at the same time should
achieve high power density at low system cost. In addition,
topologies should achieve a high conversion efficiency with low
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input-current harmonics, high PFC capability, and good output
voltage regulation [1].

Development of efficient PFC ac–dc circuit topologies has
been the subject of considerable research. Single-stage PFC ac–
dc converters are considered attractive because they have a small
number of components, low cost, and high conversion efficiency
[2]–[6]. However, they suffer from high voltage stresses and low
power factor (PF) and require a large dc-link electrolytic capac-
itor and an inductor, which increases the converters’ size and
cost. As another solution, single power-conversion PFC ac–dc
converters have been introduced [7]–[9]; they do not require a
large dc-link electrolytic capacitor or inductor. They can achieve
high PF under load or grid voltage variations, because the con-
verters control both PFC ac–dc and output voltage regulation.
However, these single power-conversion PFC ac–dc converters
still use bridge diodes on the input side of the rectifier, which
cause high conduction losses and overheating.

Bridgeless converters have been introduced [10]–[17] to over-
come these problems. First, bridgeless PFC boost rectifiers were
proposed [10], [11]. Compared to the conventional PFC boost
rectifiers, these bridgeless PFC boost rectifiers increase the effi-
ciency of the front-end PFC stage by eliminating the diodes and
their forward-voltage drop in the line-current path. However,
the bridgeless boost rectifier circuit is not fully utilized over the
whole ac-line cycle: one part of it is used during the positive half
cycle and the other part is used during the negative half cycle.
Using these two independent circuits increases the number of
the required components. Furthermore, the output voltage of the
PFC boost rectifier is always higher than the peak of the grid
voltage, and therefore, cannot be used for low-voltage applica-
tions. To produce adjustable output voltages, bridgeless single-
stage ac/dc converters have been proposed in [12]–[16]. They
integrate the bridgeless boost rectifier with the high-frequency
dc–dc converter by sharing the common switches. They help
to reduce the number of power components, but these are still
large. To minimize the required number of components, the
bridgeless flyback rectifier is presented [17]. It does not use any
bridge diodes, so it does not suffer from diode conduction loss,
but requires auxiliary circuits for proper operation. And the
flyback structure is usually limited to low-power applications
because it requires large magnetic components for high-power
applications. Moreover, the transformer usage is poor in the fly-
back structure and a relatively large transformer core is usually
required to maintain the expected power level.

This paper presents a bridgeless dual-mode resonant single
power-conversion ac–dc converter. It is simple in structure, low
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Fig. 1. Circuit diagram of the proposed converter with the bidirectional
resistor–capacitor–diode (RCD) snubber. Si , DS i , and CS i (i = 1, 2): equiv-
alent model parameters of the primary-side switches; Rsni, Csni, and Dsni
(i = 1, 2): parameters of the bidirectional RCD snubber; D1 and D2 : sec-
ondary diodes. T : transformer with turns ratio n = Ns /Np , where Np is the
number of primary winding turns and Ns is the number of secondary winding
turns. Lm : magnetizing inductance; Llk,p : primary leakage inductance; Llk,s :
secondary leakage inductance; Cr : resonant capacitor; Co : output capacitor;
Ro : output load. vg : grid voltage; vC in: voltage across Cin; Vo : output volt-
age; vcr : voltage across Cr ; vD 1 : voltage across D1 ; iin: input current; ipri:
primary-side current; iLm : magnetizing current; isec: secondary-side current;
id1 : diode current through D1 ; id2 : diode current through D2 ; and io : output
current.

in cost, and low in conduction loss because it uses a single
bidirectional switch instead of input bridge diodes. To obtain
high power capability with a single bidirectional switch, the
proposed converter uses a series-resonant circuit in the out-
put voltage doubler on the secondary side. The series-resonant
circuit achieves zero-current switching (ZCS) turn-OFF at the
output diode and reduces the reverse-recovery loss. To achieve
medium-high power capacity with appropriate size of the trans-
former, it operates in the discontinuous conduction mode (DCM)
when the instantaneous power level is low and in the continuous
conduction mode (CCM) when the instantaneous power level
is high. Furthermore, the proposed converter can control the
input current PF and can regulate the output voltage by using a
dual-mode PFC control algorithm. The design guidelines of the
proposed converter are presented and experimental results are
obtained using a prototype 1-kW ac/dc converter.

This paper is organized as follows. The mode analysis of the
proposed converter is described in Section II. A control algo-
rithm used for the proposed converter is presented in Section III.
The design guidelines of the proposed converter are described in
Section IV. Experimental results and discussions are presented
in Section V and the conclusions are drawn in Section VI.

II. TOPOLOGY AND SYSTEM DESCRIPTION

Fig. 1 shows the circuit diagram of the proposed bridgeless
single power-conversion ac–dc converter. The single bidirec-
tional switch is used to transfer energy to the secondary side
without rectifying the ac grid voltage. During the positive half
cycle of the grid voltage vg , the main switch S1 is turned ON

according to the duty ratio. During the negative half cycle of vg ,
switch S2 is turned ON and acts as the main switch. S1 and S2
operate complementary to each other. When the bidirectional
switch is turned ON, the energy of the primary side is transferred
to the secondary side through the series-resonant circuit [18],
[19]. When the bidirectional switch is turned OFF, the energy
charged in Lm is transferred to the secondary side. This char-
acteristic enables the proposed converter to process high power

Fig. 2. DCM and CCM waveforms of the proposed converter during a grid
period. gS 1 and gS 2 are the gate–source voltage of S1 and S2 , respectively.

by using a bidirectional switch. The conventional RCD snubber
cannot be used because it operates only when the grid voltage is
positive. To reduce the voltage spike of the proposed converter
in both positive and negative half cycles of the grid voltage, we
use the bidirectional RCD snubber.

The proposed converter is designed to operate in the DCM at
a low instantaneous power level, and in the CCM at a high in-
stantaneous power level, so the waveform of the output current
(see Fig. 2) represents this operation. The proposed converter
requires less peak current and achieves higher efficiency when it
operates in the CCM than when it operates in the DCM. As the
magnetizing inductance Lm increases, the CCM region widens
in a single grid period, and thereby, increases the power conver-
sion efficiency. However, large Lm requires large transformer
size, so Lm must be selected carefully to optimize the tradeoff
between the efficiency and transformer size.

During the DCM steady-state operation, the switching pe-
riod Ts is divided into five operating modes according to the
switch and diode states. The equivalent circuit of each operat-
ing mode and the corresponding signal waveforms are shown
in Figs. 3 and 4. During the CCM steady-state operation, Ts is
divided into four operating modes according to the switch and
diode states. The equivalent circuit of each operating modes
and the signal waveforms are shown in Figs. 5 and 6. To analyze
the steady-state operation of the proposed converter, we make
several assumptions.
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Fig. 3. Equivalent circuits during the switching period when the proposed
converter operates in the DCM. (a) Mode 1. (b) Mode 2. (c) Mode 3.
(d) Mode 4. (e) Mode 5.

1) The grid voltage vg is constant because the switching
frequency fs is much higher than the grid frequency fg .

2) The output capacitor Co is sufficiently large that the
output voltage Vo is assumed to have no ripple voltage.

3) The transformer T is ideal with the magnetizing induc-
tance Lm , the primary leakage inductance Llk,p , and the
secondary leakage inductance Llk,s .

4) The switch S1 is modulated with duty ratio D, and the
switch S2 is complementary to S1 with a short dead time.

A. DCM Operation

1) Mode 1 [t0 , t1]: At time t0 , S1 is turned ON. isec begins
to resonate due to Llk,s and Cr and it is directly delivered to the

Fig. 4. Waveforms of the proposed converter during the DCM. vds is the
drain–source voltage of S1 .

load through D2 . For the simplicity, we ignored the input filter
effect and considered vC in as vg ; vg is considered to be constant
during Ts . Also, we assume that Lm � Llk,p for the brevity.
Then, iLm increases linearly as

diLm (t)
dt

=
vg

Lm
. (1)

During this interval, the input power is directly transferred to
the output stage of the transformer and charges the magnetic
inductor. Since Lm � Llk,p , the secondary-side voltage of the
transformer can be expressed as nvg . And the state equation of
the circuit can be written as

Llk,s
disec(t)

dt
= nvg − Vo + vcr (t) (2)

isec(t) = −Cr
dvcr (t)

dt
(3)

with isec(to) = 0, where vcr is the voltage across Cr . Solving
(2) and (3) yields

isec(t) =
nvg − (Vo − vcr (t0))

Zr
sin [wr (t − t0)] (4)
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Fig. 5. Equivalent circuits during the switching period when the proposed
converter operates in the CCM. (a) Mode 1. (b) Mode 2. (c) Mode 3.
(d) Mode 4.

where the resonant angular frequency wr and the characteristic
impedance Zr are given by

wr =
1

√
Llk,sCr

, Zr =
√

Llk,s

Cr
. (5)

At the same time, the input power charges Lm , and iLm is
increased linearly as

iLm (t) =
vg

Lm
(t − t0). (6)

2) Mode 2 [t1 , t2]: At time t1 , the resonance between Llk,s

and Cr terminates and isec becomes zero. D2 is turned OFF with
zero current, and therefore, does not have reverse-recovery loss.
The input power still charges Lm , and iLm increases linearly as

iLm (t) = iLm (t1) +
vg

Lm
(t − t1) =

vg

Lm
(t − t0). (7)

3) Mode 3 [t2 , t3]: At time t2 , S1 is turned OFF and iLm is
transferred to the secondary side. A high-voltage spike occurs at
the switch because turned-OFF of the switch interrupts the cur-
rent flowing through the leakage inductance of the transformer.

Fig. 6. Waveforms of the proposed converter in the CCM.

Here, the RCD snubber circuit absorbs the current in the pri-
mary leakage inductor by turning ON the snubber diode when
vds exceeds vg + vcr/n.

4) Mode 4 [t3 , t4]: isec already begins to resonate due to
Lm and Cr at t2 . iLm (t2) is reflected on the initial value of
the secondary-side current isec(t2), which becomes isec(t2) =
−iLm (t2)/n. Then, the state equation of isec can be written as

n2Lm
disec(t)

dt
= vcr (t) (8)

isec(t) = −Cr
dvcr (t)

dt
(9)

with isec(t2) = −vgDT/nLm and vcr (t2) = Vcr − ΔVcr .
Solving (8) and (9) yields

isec(t) = − vgDTs

nLm
cos wcr (t − t2)

+
Vcr − ΔVcr

n2Lm wcr
sinwcr (t − t2) (10)

where wcr = 1/
√

n2Lm Cr and Vcr is the average voltage of
the resonant capacitor Cr . Since wcr (t − t2) is very small,
cos wcr (t − t2) � 1 and sin wcr (t − t2) � wcr (t − t2). Also,
Vcr � ΔVcr with appropriate value of Cr . For the simplicity,
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we consider Vcr − ΔVcr as Vcr in this interval. Then, we have

isec(t) � − vg

nLm
DTs +

Vcr

n2Lm
(t − t2). (11)

5) Mode 5 [t4 , t5]: At time t4 , isec becomes zero. D1 is
turned OFF with zero current, and therefore, does not have
reverse-recovery loss. t4 can be calculated from (11) as

t4 = t2 +
nvgDTs

Vcr
. (12)

Since the secondary current becomes zero, the diode D1 is
turned OFF. The residual energy in the circuit causes the reso-
nance between CS1 , Lm , and Llk,p , which generates the sinu-
soidal oscillation of vds in the interval t3 and t4 . Meanwhile,
this oscillation is reflected to vD1 (see Fig. 4).

During the negative grid voltage period, the circuit waveforms
are similar to those of Modes 1–5.

B. CCM Operation

1) Mode 1 [t0 , t1]: At time t0 , S1 is turned ON and is begins
to flow through D2 . vg is approximately constant during Ts , so
isec becomes

isec(t) =
nvg − (Vo − vcr (t0))

Zr
sin [wr (t − t0)]. (13)

At the same time, the input power charges Lm and iLm increases
linearly as

iLm (t) = iLm (t0) +
vg

Lm
(t − t0) (14)

where iLm (t0) is the initial value of iLm (t).
2) Mode 2 [t1 , t2]: At time t1 , the resonance between Llk,s

and Cr terminates and isec becomes zero. D2 is turned OFF

with zero current, and therefore, does not have reverse-recovery
loss. The input power charges the magnetic inductor and iLm

increases linearly as

iLm (t) = iLm (t1) +
∫ t

t0

vC in(t)
Lm

dt

� iLm (t0) +
vg

Lm
(t − t0). (15)

3) Mode 3 [t2 , t3]: At time t2 , S1 is turned OFF and iLm is
transferred to the secondary side. Similar to the DCM operation,
the RCD snubber circuit absorbs the primary leakage current.

4) Mode 4 [t3 , t4]: Similar to isec in DCM, isec in CCM can
be obtained as

isec(t) � − vg

nLm
DTs +

Vcr

n2Lm
(t − t2). (16)

During the CCM operation, isec never goes to zero. iLm (t4) =
iLm (t0) and iLm (t0) can then be described as

iLm (t0) = iLm (t2) +
Vcr

nLm
(1 − D)Ts. (17)

Fig. 7. Proposed control block diagram. Vo, ref is the reference voltage output;
Ve is the output voltage error; Iin.pk is the peak value of the input current; Vg .pk
is the peak value of the grid voltage; iin, ref is the reference input current; ie is
the input current error; ΔD is the controller duty ratio; and Dn is the nominal
duty ratio.

III. CONTROLLER DESIGN

A. Controller Structure

To regulate the output voltage and achieve high PF, the pro-
posed bridgeless converter uses control algorithms (see Fig. 7)
in the outer loop output voltage regulation part and in the inner
loop current control part. The inner and outer control loops are
used to achieve high PF and to control output voltage.

The voltage controller part determines the output voltage error
first by subtracting Vo from Vo.ref. This error is then supplied as
an input to the proportional-integral controller. The controller
output Iin.pk is then used to generate the amplitude of the input
current reference iin,ref as shown in Fig. 7. To achieve a high
PF, the phase of the average input current must be synchronized
with that of the average input voltage vg =

√
2Vg.rms sin(wgt)

where Vg.rms is the root-mean-squared (RMS) amplitude and wg

is angular frequency. iin,ref can then be determined as

iin,ref =
√

2Iin.rms sin (wgt) = Iin.rms · vg

Vg.rms
(18)

where Iin.rms is the RMS amplitude of iin,ref.
Next, the current controller part obtains the input current

error by subtracting iin from iin.ref. This error is then supplied
as an input to the proportional-repetitive controller [20]–[22].
The controller output ΔD is then added with Dn to produce D,
which is used to control the bidirectional switch, which in turn,
drives the input current to track the reference one. To reduce the
burden from the current controller, we use Dn as a feed-forward
control input.

B. Calculation of Nominal Duty Ratio

Assuming that the converter is ideal with no power loss and
that the input current tracks the reference one perfectly, we can
describe the power balance equation as

Vg.rmsIin.rms = VoIo = Po (19)

vg iin.ref = VoId2 = 2Po sin2(wgt) (20)

where Io and Id2 are, respectively, the average output current
and the average diode current over a switching period, and Po

is the output power.
In the DCM, the energy stored in Cr is discharged through

D1 and transferred to the load. The energy discharged from Cr

is recovered by the energy stored in Lm . Applying the charge
balance condition to Cr implies that the area of isec in mode 1
must be the same as the area of isec in mode 3. Id2 can then be
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calculated as

Id2 =
1
Ts

∫ t1

t0

isec(τ)dτ =
isec(t2)

2Ts
(t3 − t2). (21)

Substituting (10), (12), and (20) into (21), yields

2Po

Vo
sin2(wgt) =

v2
g D2Ts

2Lm Vcr
. (22)

On the other hand, applying the volt–second balance law for T
yields

n2Lm

n2Lm + Llk,s
(Vcr − Vo) = −nvg (23)

and because Lm � Llk,s , (23) can be approximated as

Vcr = Vo − nvg . (24)

Substituting (24) into (22) yields

2Po

Vo
sin2(wgt) =

v2
g D2Ts

2Lm (Vo − nvg )
(25)

from which we can determine the nominal duty ratio DDCM as

DDCM =

√
2Lm Po

TsVoV 2
g .rms

(Vo − nvg ). (26)

During the CCM, applying the volt–second balance condition
to Lm , it follows that

Vcr =
nD

1 − D
vg . (27)

By substituting (24) into (27), we can represent the nominal
duty ratio DCCM as

DCCM = 1 − nvg

Vo
= 1 −

√
2nVg,rms sin (wgt)

Vo
. (28)

The resulting nominal duty Dn for the proposed dual-mode
converter is obtained as

Dn =

{
DDCM, if DDCM < DCCM

DCCM, if DDCM ≥ DCCM.
(29)

The converter operates in the DCM if DDCM ≤ DCCM, and in the
CCM otherwise. Although Dn does not directly determine the
output current, the use of Dn helps the proposed converter gen-
erate the desired output voltage while reducing the burden from
the feedback controller. Fig. 8 shows the nominal duty in the
DCM and CCM at full load.

By equating DDCM with DCCM, we can determine the critical
grid voltage vg.crit and the critical duty-ratio Dcrit. Substituting
(26) and (28) into DDCM = DCCM yields

√
2Lm Po

TsVoV 2
g .rms

(Vo − nvg ) = 1 − nvg

Vo
. (30)

Squaring both sides of (30) and dividing both sides of it by
1 − nvg

Vo
, yields

2Lm Po

TsV 2
g .rms

= 1 − nvg

Vo
. (31)

Fig. 8. Nominal duty ratio of the proposed converter at three inductances.

Then, we have the critical grid voltage

vg.crit =
Vo

n
− 2Lm PoVo

nTsV 2
g .rms

. (32)

Then, substituting (31) into (28), we can determine the critical
duty ratio

Dcrit =
2Lm Po

TsV 2
g .rms

. (33)

IV. DESIGN GUIDELINES

A. Determining Resonant Capacitance

To guarantee ZCS turn-OFF at the output diode D2 , half of
the resonant period must be smaller than the minimum turn-ON

time of the switch or

π
√

Llk,sCr < DminTs. (34)

From Fig. 8, the minimum duty ratio Dmin can be approximated
as

Dmin = 1 −
√

2nVg,rms

Vo
(35)

from which

Cr <
T 2

s

π2Llk,s

(

1 −
√

2nVg,rms

Vo

)2

(36)

follows.

B. Determining Magnetizing Inductance

Using the parameters given in Table I , we can depict the DCM
and CCM regions as in Fig. 9 during half of the grid period. The
proposed converter operates in the DCM when vg ≤ vg,crit, and
in the CCM otherwise. The boundary between the DCM and
CCM is determined by Lm . Increase in Lm widens the CCM
region, and increases the power conversion efficiency, but it
increases the cost and size of the converter. Thus, Lm must be
chosen appropriately.
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TABLE I
PARAMETERS AND COMPONENTS OF THE PROTOTYPE

Fig. 9. DCM and CCM region according to different Lm values.

C. Determining Output Capacitance

To satisfy the output voltage ripple, we should select the
output capacitor as

Co ≥ Po

2πfgVoΔVo
(37)

where ΔVo is the output voltage ripple.

D. Selecting Transformer Turns Ratio

The turns ratio of the transformer can be selected from the
voltage gain of the proposed converter. Rearranging (26) or (28),
we have

n ≤ Vo√
2MminVg,rms

=
Vo√

2Vg,rms
(38)

where Mmin is the minimum value of M , which is equal to 1.

Fig. 10. Experimental setup of the proposed converter.

Fig. 11. Experimental waveforms of the grid voltage vg and the primary-side
current ipri.

V. EXPERIMENTAL RESULTS AND DISCUSSIONS

To evaluate the efficiency of the proposed converter, we con-
ducted experimental tests using a 1-kW prototype converter (see
Fig. 10) with the grid voltage vg = 120–240 Vrms; output volt-
age Vo = 360 V; and rated output power Po = 1 kW. To satisfy
ZCS turn-OFF at D2 over the entire grid period, Cr is set to
4.4 μF. Considering the cost and size of the converter, Lm was
set to 300 μH. Using (38), the turns ratio of the transformer is
selected as n = 0.79. The general circuit parameters and the se-
lected specific components (see Table I) were the same as in the
analysis. We used a TMS320F28377D digital signal processor
to implement the controller for the proposed converter.

The grid voltage and the primary-side current were measured
in the DCM and CCM (see Fig. 11). When the current wave-
forms were almost sinusoidal and the resonance operation ended
before the primary switch was turned OFF, the current resonated
fully with low hard-switching loss. When the primary switch
was turned OFF before the resonance operation ended, a sig-
nificant amount of the current was left, so hard-switching loss
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Fig. 12. Experimental waveforms of the grid voltage vg and the secondary-
side current isec.

Fig. 13. Experimental waveforms of the grid voltage vg , the input current iin,
and the output voltage Vo at full load.

Fig. 14. Harmonics distribution of the measured input current.

was high. The grid voltage and the secondary-side current were
measured in the DCM and CCM (see Fig. 12). During the ON

switching period, the waveform of id2 is the same as the wave-
form of isec. During the OFF switching period, the waveform of
id1 is the same as the waveform of −isec. The ZCS turn-OFFs at
D1 and D2 were achieved in DCM. Thus, the switching loss is
considerably reduced and reverse recovery loss is significantly
reduced. During the CCM, ZCS turn-OFF is guaranteed only at
D2 . The input current was almost sinusoidal and achieved the
desired power level of 1 kW (see Fig. 13). The input current iin

was synchronized with vg and had measured PF = 0.994.

Fig. 15. Measured PF under entire grid voltage range.

Fig. 16. Efficiency comparison of the proposed converter and converter in [9]
when vg = 220 V and vg = 120 V.

Fig. 17. Power loss distribution of the proposed converter at full load.
(a) When vg = 220 V. (b) When vg = 120 V.
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TABLE II
COMPARISON OF THE CONVENTIONAL BRIDGELESS CONVERTERS VERSUS THE PROPOSED CONVERTER

The PF and power conversion efficiency were measured by
the Yokogawa WT3000E digital power meter. All harmonic
components are in compliance with the IEC 61000-3-2 Class A
standard and the measured total harmonic distortion ≤ 3.4 %
under full-load and ac grid voltage 220 V (see Fig. 14). Measured
PF was ≥ 0.994 over the entire grid voltage range (see Fig. 15).
The maximum power conversion efficiency was 97.3% and the
California Energy Commission (CEC) weighted efficiency was
97.1% at the ac grid voltage 220 V (see Fig. 16). The full-load
efficiencies are 96.8% and 94.5% when the ac grid voltages are
220 and 120 V, respectively. The efficiency of the converter in
[9] is 2% less than that of the proposed converter at the full
load. Fig. 17 shows the power loss distribution of the proposed
converter at full-load when vg are 220 and 120 V. In Fig. 17(a),
the primary switch loss takes 49.7% and the secondary diode loss
takes 13.04% in total power loss when vg = 220 V. In Fig. 17(b),
the primary switch loss takes 50.6% and the secondary diode
loss takes 7.7% in total power loss when vg = 120 V.

We compare the number of components, operation modes,
current waveforms, and power conversion efficiency of our pro-
posed converter and other bridgeless converters (see Table II).
For fair comparison, the input filter was not included when the
number of power components was counted. Two bridgeless con-
verters [12] and [13] suffer from large number of components;
another [17] requires fewer components than [12] and [13] but
has a flyback structure that limits its rated output power, be-
cause the center-tapped transformer requires a large core due
to poor transformer utilization. The proposed converter uses a
series-resonant voltage-doubler and single winding transformer,
these components enable compact circuit design. The dual-
mode operation reduces the size of the transformer even further
while achieving a high power conversion efficiency. Moreover,
thanks to series resonance operation, the proposed converter can

achieve high efficiency and low switching stress of the proposed
circuit.

Remark 1: The conventional forward converter recycles the
magnetizing energy in the transformer to the input source by
adding additional reset winding. On the other hand, the proposed
converter operates similar to the forward converter and transfers
the energy to the load in resonant way during the half switching
period. Then, the proposed converter transfers the magnetizing
energy in the transformer to the series-resonant circuit during
other half switching period. Thanks to the inherent resonant
voltage doubler structure on the secondary side, it does not
require additional winding to reset the transformer.

Remark 2: The proposed converter is an isolated boost-type
ac/dc converter. The primary application of the converter is com-
mon dc-bus supplier in the buildings/mobile charging stations
[23]. Also, it can be used as a level-2 battery charger by con-
necting the proposed converters in parallel [24]. Furthermore, it
can be used in high voltage applications such as medical X-ray
imaging, traveling wave tube, and lasers [25].

VI. CONCLUSION

This paper presents a bridgeless dual-mode single power-
conversion ac–dc converter. To reduce the number of compo-
nents, the grid-side full-bridge diode rectifier was replaced by
a bidirectional single switch; as a result, the number of compo-
nents and the primary-side conduction loss were both reduced.
Use of a series-resonant voltage-doubler structure reduced the
size and cost of the implemented converter and enabled its use
in medium-high power applications. To achieve medium-high
power capacity with a given size of the transformer, the pro-
posed converter uses dual-mode operation. Moreover, by using
the dual-mode control, the proposed converter achieves high PF
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and accurate output voltage regulation. We derive the mode anal-
ysis of the dual-mode operation and propose the design guide-
line of the proposed converter. To confirm the validity of the
proposed converter, a 1-kW prototype converter was built and
used for experimental tests. The proposed converter achieved
maximum efficiency of 97.3% when vg = 220 V at 50% load
by means of the bridgeless power conversion structure and the
turn-OFF ZCS mechanism of the output diode.
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