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Abstract

Today Ac/dc power supplies find its
applications in most of the appliances such as battery
chargers, note book adapters, desktop computers etc.
These Ac/dc power supplies should possess features
such as high Power factor, improved efficiency,
minimum THD and component count. In this paper, a
Bridgeless buck Rectifier with Single Inductor is
presented which considerably increases the efficiency
of conventional buck power factor correction
converters by reducing the number of simultaneously
conducting semiconductor components. Moreover, the
low utilization of the magnetic component in the
conventional bridgeless buck rectifier is improved by
modified bridgeless buck rectifier with single inductor.
Simulation of closed loop controlled bridgeless buck
PFC rectifier with two inductors and modified
converter is performed in MATLAB software to verify
its operation. The performance of the Modified
Converter is evaluated on a 1-kHz, 5-W prototype
circuit that is designed to produce an Output Voltage
of 12 V for battery chargers Applications.

Keywords: bridgeless converters, Buck converter,
magnetic utilization, power factor correction

I. INTRODUCTION

Today ac-dc power supplies are used in many
electrical and electronics applications such as in
battery chargers, note book adapters, desktop
computers etc. This power supplies should meet
certain international standards in order to have
required efficiency at different power levels.
Designers are continuously looking for opportunities
to increase PF, reduce THD count, improve efficiency
in this power supplies. Bridgeless power factor
correction circuits are one of the solutions to meet all
these requirements.

Presently, maintaining high efficiency along
the entire line range (90-264V) becomes a challenge
for the ac-dc converters that are used for power factor
correction. There is also requirement of high power
factor and low total harmonic distortion in the current
drawn from the utility. Several topologies have been
introduced in this aspect for attaining high power
factor and low harmonic distortion. The boost
topology was the most popularly used topology for
power factor correction at the earlier stage.

Conventional boost bridge PFC rectifier that
comprises of full bridge rectifier followed by a boost
converter has high conduction losses due to the
simultaneous conduction of three semiconductor
devices and hence it has less efficiency [1]. To reduce
this loss a bridgeless boost topology which eliminates
the use of bridge rectifier was introduced and
discussed in [2]-[7].But, bridgeless boost PFC
topologies has got the same drawbacks of
conventional boost converter such as: high voltage
stress, high common mode noise, no inrush current
protection and low magnetic utilization. The
drawbacks of boost PFC converter can be overcome
by implementing buck PFC topology and is proposed
in [8]. Several buck topologies with additional
analysis and circuit modifications were discussed in
[9]-[16].However, conventional buck converter has
high conduction loss and line current distortion [10].
To overcome the drawbacks of conventional buck
converter, bridgeless buck rectifier with improved low
line efficiency is introduced [17].

This paper analyzes the operation of both the
bridgeless buck rectifier with two inductor and single
inductor. Since bridgeless buck rectifier has its output
voltage twice that of a conventional buck rectifier, it is
designed in such a way that it meets harmonic limit
specifications. Moreover switching losses of dc/dc
output stage of bridgeless buck rectifier are effectively
lower than that of the boost PFC counterpart [17].
Moreover, bridgeless buck rectifier has improved low
line efficiency than the bridgeless boost converter.

Bridgeless buck PFC rectifier employs two
back to back connected buck converter each of which
conducts during alternative positive and negative half
cycles. During a half cycle of line voltage, only one
inductor is utilized while the other inductor remains
idle. This low utilization of the components results in
a serious penalty in terms of power density, weight
and cost. However, the utilization can be improved by
minimizing the number of components through
component integration. So a modified bridgeless buck
rectifier is introduced which results in better magnetic
component utilization by replacing two inductors in
the bridgeless buck PFC rectifier with a single
inductor. Hence, modified bridgeless buck topology
will improve magnetic utilization and hence can save
cost.
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1. OPERATION OF BRIDGELESS BUCK
RECTIFIER

The circuit of bridgeless buck rectifier is
shown in fig.1. This circuit employs two back to back
connected buck converter that operates in alternative
positive and negative half cycles of line voltage.
During positive half cycle the upper buck converter
comprising of diode D1, switch S1,
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Fig.1 Bridgeless buck PFC rectifier [17]

inductor L1, capacitor C1 and freewheeling diode D3
is operating. When switch S1 is on, the inductor L1
stores energy and the current path is through diode
D1,switch Sl,inductor L1,capacitor Cl.When the
switch S1is off the current freewheels through the
diode D3 thus releasing the energy stored in inductor
L1.The voltage across the capacitor is regulated by
the pulse width modulation of switch S1.

During negative half cycle the lower buck
converter comprising of switch S2, diode D2,inductor
L2,capacitor C2 and the freewheeling diode D4
operates. When the switch S2is on the inductor
L2 stores energy and when the switch is off, the
energy is discharged through the freewheeling
diode D4. The output voltage of each buck converter is
available across the capacitors. The direction of load
current in both the output capacitors is in the same
direction, thus the output voltage obtained across the
load resistor is twice the voltage obtained at any of the
buck converter. Thus the bridgeless buck rectifier
satisfies the relationship:

Vo = 2DV, ()

Thus the output voltage obtained across
output capacitors is the sum of voltages across
capacitors C1 and C2. Hence, the output voltage of the
bridgeless buck rectifier is twice that of the
conventional buck PFC rectifier.

I11. MODIFIED BRIDGELESS BUCK
RECTIFIER WITH SINGLE INDUCTOR

Bridgeless buck PFC rectifier employs two
back to back connected buck converter each of which
conducts during alternative positive and negative half
cycles. During one half cycle of ac supply voltage,
only one inductor is utilized while the other inductor
remains idle. This low utilization of the components
results in a serious penalty in terms of power density,
weight and cost. However, the utilization can be
improved by minimizing the number of components
through component integration. So a modified
bridgeless buck rectifier is introduced which results in
better magnetic component utilization by replacing
two inductors in the bridgeless buck PFC rectifier with
a single inductor.

A. Operation of the Bridgeless buck rectifier with
single inductor

Operation of the modified circuit is same as
that of the bridgeless buck rectifier with two inductor.
Modified bridgeless buck rectifier with single inductor
is shown in fig.2

During positive half cycle the upper buck
converter comprising of diode D1,switch
Sl,inductor L, capacitor C1 and freewheeling diode
D3 is operating. When switch S1 is on, the
inductor L1 stores energy and when the switch S1 is
off the current freewheels through the diode D3
thus releasing the energy stored in inductor L. The
voltage across the capacitor C1 is regulated by the
pulse width modulation of switch S1.Operation of the
upper buck converter during positive half cycle is
shown in fig.3. During negative half cycle the lower
buck converter comprising of switch S2, diode
D2,inductor L2,capacitor C2 and the freewheeling
diode D3 operates. When the switch S2is on the
inductor L stores energy and when the switch is off,
the energy is discharged through the freewheeling
diode D4.The voltage across C2 is regulated by pulse
width modulation of switch S2.Operation of the lower
buck converter during negative half cycle is shown in
fig.4.
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Fig.2 Bridgeless buck rectifier with single inductor [17]
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Fig.3 Operation of the bridgeless buck rectifier with
single inductor during positive half cycle
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Fig.4 Operation of the bridgeless buck rectifier with
single inductor during negative half cycle

Modified bridgeless buck rectifier with single
inductor has the same voltage conversion ratio as the
bridgeless buck rectifier. However, the modified circuit
has high dv/dt across the inductor as it conducts during
both the half cycles.

B. Control Strategy

The control strategy employed in bridgeless
buck rectifier for its successful operation is the PWM
control. PWM control can be of voltage mode control
and current mode control for switching mode power
supplies. To verify the line voltage regulation and load
regulation of the bridgeless buck rectifier and
modified Converter, closed loop control is performed.
Here the conventional bridgeless buck rectifier
employs voltage mode control to achieve line and load
regulation. By adjusting the proportional and integral
gain of PI Controller voltage regulation is obtained

In Voltage mode control method, Output
voltage is regulated at a constant value by comparing
the sensed output voltage V, with the reference
voltage using an error amplifier. The amplified output
voltage is then given to a PI controller for improving
the stability of the system by controlling the gain of
the controller. Then the control voltage output from
the PI Controller is then compared with a Ramp signal
using a Comparator to produce the gating signals for
the two switches S1 and S2. The PWM controller is
controlled in such a way that upper switch S1 conducts
only during positive half cycle of line voltage and the

lower switch S2 only during negative half cycle of line
voltage.

IV. DESIGN OF MODIFIED CONVERTER

As the input to the modified converter is an
Ac voltage V., we have to calculate the rectified ac
input voltage Vac for calculation of voltage
conversion ratio. The Voltage conversion ratio of
bridgeless buck rectifier with single inductor is
V, = 2DV,,. Value of load resistance is calculated
from the desired output power level and output voltage
level. Then the value of load current can be calculated
as shown below:

v )

We can choose the value of Inductor ripple
current arbitrarily and the value chosen should be low
as possible. From the Inductor ripple current value we
can calculate the value of Inductance as given below.

V1(1-D
L= 1(1-D)
AlLq *fs

©)

Capacitance value of the output capacitor is chosen in
such a way that it produce 1% voltage ripple in dc
output voltage.

_ (1-D)*Vo
Cl - CZ 8+Fs2xL*AVo
(4)

V.Table I- Converter Parameters
Specification Rating
Output Power(Po) 5W
Output voltage(\Vo) 12v
Switching frequency(Fs) 1KHZ
Input voltage(Vin) (14-30)Vrms
Inductor, (L) 9mH
Output capacitor(C1=C2) 1000pF

Circuit parameters of the modified bridgeless buck
rectifier with single inductor are shown in Table I.

VI. SIMULATION RESULTS

Simulation of both the bridgeless buck
rectifier and modified circuit with single inductor is
performed in MATLAB software at low power level to
compare and verify its operation with the experimental
setup of the modified converter. The controlled switch
implemented is the power MOSFET with its
inherently slow body diode. In this simulation,
MOSFETSs and diodes are assumed as ideal devices
and the other parameters of the power stage are
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the same as design specifications. The gating signals
for the switches are shown in fig.5.

Gating signals for switch S1 is produced only
during positive half cycle of line voltage. Gating
signals for switch S2 is produced only during negative
half cycle of line voltage. Circuit parameters for the
modified bridgeless buck rectifier are as follows:
L=9mH, C1=C2=1000puF

To verify the line voltage regulation and load
regulation of the bridgeless buck rectifier and
modified circuit with single inductor, closed loop
control is performed. Both the conventional bridgeless
buck rectifier and modified circuit employ voltage
mode control to achieve power factor correction, line
and load regulation.

In closed loop control of both the bridgeless
buck rectifier and modified circuit with single
inductor, the two input voltage conditions applied are
14Vrms and 30Vrms and the load resistance
conditions applied are 28.8Q and 57.60€2. In all these
cases of input voltage and load resistances,
corresponding output voltage is kept constant at a
value of 12V .Fig.6a-6b shows the line regulation
waveforms obtained for the conventional bridgeless
buck rectifier.
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Fig.6b DC Output voltage waveform at 30 Vrms line
voltage

Fig.6c-6d shows the load regulation
waveforms obtained for the conventional bridgeless
buck rectifier. Input voltage and input current
waveforms of conventional bridgeless buck rectifier is
shown in fig.7. FFT analysis of conventional
bridgeless buck rectifier is shown in fig.8 and a THD
of 26.05% is obtained.
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Fig.6¢c Dc output voltage and dc output current when
Ro =28.8Q
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Fig. 7 Input voltage and input current waveforms of
conventional bridgeless buck rectifier
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Fig.8 FFT analysis of conventional bridgeless buck
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Input power factor waveform of conventional
bridgeless buck rectifier is shown in fig.9 and input
power factor of 0.87 is obtained. This low power
factor of the conventional converter is due to the
harmonic distortion in the Input current waveform.

Simulation of Modified converter is done at
low power level in MATLAB software to verify and
comparison its operation with the simulation results of
conventional bridgeless buck rectifier and to validate
the experimental results obtained for the Modified
Converter.
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Fig.10a DC Output voltage waveform at 14 Vrms line
voltage for the modified converter

Gate signals applied to the two Mosfet
switches of the modified converter is the same as in
fig.5. Fig.10a & Fig.10b shows the line regulation
waveforms obtained for the Modified converter for
input voltages of 14Vrms and 30Vrms respectively. In
both these cases of input voltages, output dc voltage is
maintained constant at 12V.

Fig.10c-10d shows the load regulation
waveforms obtained for the modified converter. Input
voltage and input current waveforms of modified
bridgeless buck rectifier with single inductor is shown
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Fig.10b DC Output voltage waveform at 30 Vrms line
voltage for the modified converter
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Fig.10d Dc output voltage and dc output current
when Ro =57.60Q for the modified converter

From Fig.11 we can see that the Input
voltage and Input current waveforms of modified
converter with Single Inductor is in phase to each
other and it has only negligible didtortion in the Input
current waveform compared to the input current
current waveform of the Conventional Bridgeless
Buck Rectifier with Two Inductor.
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Fig. 11 Input voltage and input current waveform of
bridgeless buck rectifier with single inductor
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Fig.12 FFT analysis waveform of bridgeless buck
rectifier with single inductor
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Fig.13 Input power factor waveform of bridgeless buck
rectifier with single inductor

FFT analysis of bridgeless buck rectifier with
single inductor is shown in fig.12 and a THD of
18.12% is obtained.

Input power factor waveform of bridgeless
buck rectifier with single inductor is shown in fig.13
and an improved input power factor of 0.94 is
obtained.

From the simulation results, we can see that
better line and load regulation is obtained for the
modified bridgeless buck rectifier with single inductor
when compared to the conventional bridgeless buck
PFC rectifier. Input power factor of modified
bridgeless buck rectifier with single inductor is
improved to 0.94 and THD is reduced to 18.12% when
compared to the Conventional bridgeless buck
rectifier.

VII. HARWARE SET-UP & RESULTS

A prototype of the Modified Converter is
designed and experimentally demonstrated in the
laboratory. The performance of the Modified
Converter is evaluated on a 1-kHz, 5-W prototype
circuit that is designed to produce an Output Voltage
of 12 V for battery chargers Applications. The
experimental prototype circuit is designed as per the
design specifications as given in Table I.
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Fig.14 shows the experimental setup of the RIGOL STOF @A br-o-oommoran~d| | £ B 2.48U
Bridgeless buck Rectifier with single Inductor used for A
experiments in the laboratory to validate the results. e

[ENEE S .06 CHZ= 1@.8U Time 5.0686ms OHE.000Es
Fig.16 Voltage across switches S1 and S2

Fig.15 shows the PWM pulse obtained from
the PIC microcontroller for driving the MOSFET
switches. The PWM pulse obtained has a time period
of 1ms which corresponds to a switching frequency of
1Khz.

. R - ’ b Fig.16 shows the measured voltage

Fig.14 Hardware set-up of the Bridgeless Buck Rectifier waveforms across switches S1 and S2 with a duty
with Single Inductor o . .

Details of components used for experimental set up are pycle of 48%. The PIC m_|croco_ntroller IS p_rogram_med

in such a way that the inverting pulses is obtained,

given in Table. 11 hence upper switch operates only during positive half

VI111. Table 11- Hardware Design cycle and the lower switch during negative half cycle.
Components Specifications STOR| ; v ; N
Inductor, L 9mH RS RS A RS
Power MOSFET, IRF 840 N S S SO SUUU- USSP SO
S1.S,
DiOdeS,Dl,Dszg,D4 UF 5408
Controller IC PIC16F877a
LM7805,
Voltage Regulators LM7812
Mosfet Driver IC 6N137 o n o n s
Uep<th= 14,64 S
g X ) MEFE S .50l Time 18.88ms

Fig.17(a)

Fe=42= 18lsToF)) £ U

Freadl>=1.00@kH: Prdiay=1,008ms - :
I SEeml| Time SB8.6us| O P PP PPUTS P FPRPS
Fig.15 PWM pulse to switches

Unax<ip= 128U Do
EEEm 5 .aAy Time 5.000ms |
Fig. 17(b)

Fig. 17(a) Input ac voltage waveform of Vac=14Vrms.(b)
Corresponding 12V DC Output voltage

ISSN: 2348-8379 www.internationaljournalssrg.org Page 11




SSRG International Journal of Electrical and Electronics Engineering (SSRG-1JEEE) — Volume 4 Issue 4 — April 2017

STOP f ! } {

' vz

IR IEEE

URp{ 1) =tickin URp<2p= 42 ,1)

EEEEE 16,800 Time 5.080ms| §
Fig. 18(a)
RIGOL STOF R breerecef@meencesad | 5 B 11,60
Bl S i i o
S R
R N |
[EERES 16.0U[E Tine 10,08us| 0+8.5008s
Fig. 18(b)

Fig. 18(a) Input ac voltage waveform of Vac=14Vrms.(b)
Corresponding 12V DC Output voltage

Fig. 17(a)-(b) and Fig. 18(a)-(b) shows the
measured Ac input voltage and Dc Output voltage
waveform of the Closed loop hardware set-up for an
Input voltage of Vac = 14Vrms and 30Vrms
respectively. In both these cases of Input voltages,
Output voltage is maintained constant at 12V and
better line line regulation is obtained for the Modified
Converter with Single Inductor.

Input power factor of the modified converter
is measured using a power factor measuring circuit
which monitors the power line voltage and current
through the potential and current transformer
respectively. Then the measured input voltage and
input current is given to a Zero crossing detector
circuit. The Zero Crossing Detector is used to convert
the sine wave to square wave signal.

Then the both ZCD’s outputs are given to
logical XOR gate 74LS86 to find the phase angle
difference between the voltage and current. The XOR
gate output is given to microcontroller or PC and
calculates the power factor with help of software.

Hence an input power factor 0.95 is obtained
for the Modified converter and it is displayed in the
LCD display as shown in Fig.14.

IX. CONCLUSION

In this paper analysis and design of bridgeless
buck rectifier and modified bridgeless buck rectifier
with single inductor is presented. With the simulation
results obtained in MATLAB software a comparison
between the conventional bridgeless buck rectifier
with two Inductors and modified converter with Single
Inductor is performed. The results show that the
modified converter has better voltage regulation and
power factor than the conventional converter.
Moreover, as the modified converter employs only one
Inductor compared to the conventional converter, it
has Improved the overall utilization of the Inductor
during each half cycles compared to the conventional
converter and also it has reduced weight and cost than
the conventional converter. These Features make the
modified converter suitable for portable batter
chargers applications.
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