
                  Volume No: 2 (2015), Issue No: 6 (June)                                                                                                                      June 2015
                                                                                   www.ijmetmr.com                                                                                                                                                     Page 700

                                                                                                                         ISSN No: 2348-4845
International Journal & Magazine of Engineering, 

Technology, Management and Research
A Peer Reviewed Open Access International Journal   

Abstract:

This paper presents a Zero-Voltage-Transition Tech-
nique (ZVT-Technique) in single phase active power fac-
tor correction circuit based boost   converter topology 
and operated in a continuous-inductor-current mode 
with peak current control method. An additional circuit 
for reducing the turn-off switching loss of the auxiliary 
switching circuit was applied. The results showed that 
the efficiency was improved from 95 Percent to 98 per-
cent with power factor 0.99.

Index Terms:

Boost converter, zero-voltage-Transition, dc-dc con-
verter, power factor correction, soft-swatching, peak 
current control.

I. INTRODUCTION:

The growth of consumer electronics has meant that 
the average home has a plethora of mains driven elec-
tronic devices and not just television sets. Invariably 
these electronic devices have mains rectification cir-
cuits, which is the dominant cause of mains harmonic 
distortion. Therefore, the problems caused by the har-
monic currents become more important. International 
regulations goveming the amount of harmonic cur-
rents (e.g. EC1000-3-2) became mandatory and active 
power factor correction (PFC) circuit became inevita-
bIe for the ac dc converters. Generally, the solution for 
harmonic reduction and PFC are classified into passive 
approach and active approach. The passive approach 
offers the advantages of high reliability, high power 
handling capability and easy to design and maintain. 
While the active approach remains the best choice in 
many high power applications, the active approach 
dominates the low to medium power applications due 
to their extraordinary performance (unity power
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factor and efficiency approach to 100%), regulation ca-
pabilities and high power density. [1]-[3].Today’s har-
monic and PFC technique to improve distortion are still 
under development. Power supply industries are un-
dergoing the change of adopting more and more PFC 
techniques in all off-line power supplies. Moreover, 
with the residential and defense industries continuous-
ly demanding for even higher power density, switch-
ing mode power supply operating at high frequency 
is required because at high  switching frequency, the 
size and weight of circuit components can be remark-
ably reduced. However, with the increasing of switch-
ing frequency, the switching loss becomes intolerable, 
resulting in very low conversion efficiency [4].Soft-
switching techniques have been widely used in reduc-
ing the switching losses and EMI noises of switching 
mode power converter. 

Soft-switching techniques, especially zero-voltage-
transition (ZVT) have become more and more popular 
in the power supplies industries. The boost PFC con-
verter employing the ZVT technique was first introduce 
in [5]. This converter provides ZVS condition for the 
main switch without increasing voltage stress of the 
active switches.  However, it has a disadvantage such 
as the auxiliary switching circuit is turned off with hard-
switching which deteriorates the overall efficiency 
and increase EMI noises [6].This paper proposes a ZVT 
PWM boost PFC converter using additional capacitor.   
PWM converters that use an active auxiliary  circuit to 
allow the main switch to turn on with zvs are gener-
ally  referred to as zero-voltage-transition converter 
in the power electronic literature.The auxiliary switch 
is turned off while it is conducting current. Switching 
losses and EMI can be generated by this hard turn off, 
which offsets the benefits of the using the auxiliary 
circuit [7].      Active auxiliary circuits in ZVT PWM con-
verters can be categorized as belonging to one of two 
basic types: non-resonant and resonant[8].

Single-Phase Power Factor Correction Circuit Using 
Zero-Voltage-Transition Technique
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The circuit shown in fig-1 is a non- resonant type  ZVT 
PWM converter. In this converter the auxiliary switch 
is turned off while it is conducting current. Switching 
losses and EMI can be generated by this hard turn off 
which leads to a reduction in converter efficiency.The 
proposed converter achieves zero voltage or zero cur-
rent urn-on and turn-off for the active switches as well 
as the soft-switching for the passive switches. A 500 
W, 10 kHz ZVT PWM boost PFC converter has been sim-
ulated.

Fig-1 ZVT-PWM boost converter with non resonant 
auxiliary circuit.

II. ZVT-BOOST CONVERTER

Fig-2 Proposed ZVT-PWM boost converter with addi-
tional capacitor C1 across diode D2

Fig.2. shows the circuit of the converter is consisted of 
switches, including auxiliary switches, are only turned-
on and off at soft switching a diode ( D1) and two 
capacitors. (C1 ,C2 ) The converter operates in a con-
tinuous inductor current mode (CICM).The proposed 
converter has eight operating modes. The ideal wave-
form and equivalent circuit of each mode are shown in 
fig shown below. 

Fig-3 Theoretical waveform of proposed converter
Modes of Operation:      
The operations of each mode are explained as follows:
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Mode 3 [t2 – t3]: 
When VCr reaches zero the body diode DS1 of the main 
switch conducts providing a freewheeling way for ILr. 
At this instant, main switch S1 can be turned on at zero 
voltage. The current IDS1 is given by

Mode 4 [t3 – t4]:
Auxiliary switch S2 is turned off with near ZVS at t=t3. 
The energy stored in the resonant inductor Lr is trans-
ferred to the capacitor C1 to C2. Then the voltage po-
larity of the capacitor C1 is reversed to negative. Dur-
ing this period, the capacitor C1 is acting as a turn-off 
snubber of the auxiliary switch. The energy stored in 
the capacitor C2 will be recycled and used to suppress 
the turn-off voltage spike of the main switch S1. The 
voltage and the current expressions of this mode are 
given by

Mode 5 [ t4 – t5]:
During this period, the inductor L is the converter was 
designed to operate in a continuous charged the input 
dc voltage  while the main switch  , continues to be 
turned-on and the auxiliary switch S, is turned off.

Mode 6 [t5 –t6]: 
At t 5 , the main switch s, begins to turn-off, the induc-
tor L charges the resonant capacitor   and the voltage 
across the capacitor increases. The current in  equals 
zero and the voltage across  is given by

Mode 7 [t6 –t7]:

Mode 1 [to-t1]:
Prior to t = to, the main switch S1 and the auxiliary 
switch S2 are turned-off, and main diode D is conduct-
ing. At t = to, S2 is turned-on, the resonant inductor cur-
rent   nearly ramp up until it reaches at l, where main 
diode D is turned-off with soft-switching. The voltage 
and current expressions which govern this circuit mode 
are given by:

Mode 2[t1 - t2]:
At t1, the resonant inductor current iLr reaches Iin, Lr, 
and Cr begin to resonate. The resonant capacitor volt-
age VCr is equal to V0 The voltage and current expres-
sions are given by:

Mode 8 ( t7-t8):
This stage begins when the diode D is turned-on under 
ZVS. The operation of the circuit at this stage is identi-
cal to the normal turned off operation Of a PWM boost 
converter. It ends at the moment that  , is turned on to 
begin a new switching cycle.

A. Switching Frequency (fg )

Determination of switching frequency
plays a most important role in the design of
the power converter. There are many factors
influence its proper selection. However, the
determination of switching frequency is still
a compromise between theoretical analysis 
and practical implementation.

B. Minimum Duty Ratio (Dmin)

The minimum duty ratio occurs when the input voltage 
gets the maximum and this is equal to :

C. Primary Input Inductor (L)

The primary input inductor must satisfy a constraint 
governing to meet the requirement on maxi” allow-
able ripple current. The input inductor ( L ) is given by

D. output Capacitor (co)
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H. Additional Capacitor (C1, C2)
To guarantee a soft-switching of the auxiliary switch 
the required capacitance C1 should be seIected accord-
ing to the expression:

IV. SIMULATION RESULTS:
1. Switching of auxiliary switch:

Fig-4 Triggering pulse of the auxiliary switch, the volt-
age  and current across it in the proposed converter 

during one switching cycle.
2. Swithing of main switch:

Fig-5 Triggering pulse of the main switch, the volt-
age across it and the current through the main switch 
present in proposed converter during one switching 

cycle.
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Figure.4 shows the wave forms of auxiliary Switch .we 
can clearly observe the zero voltage switching of the 
auxiliary switch in the ZVT converter. Figure.5 shows 
the waveforms of main switchwhich turns on and turns 
off under zero voltage transition.

3. Voltage and current  Wave forms :

Fig-6 input  voltage,  output voltage (upper plot)
and input current  wave forms(lower plot).

4. Soft-Switching of diode:

         Fig-7 Current through the diode and voltage across 
the diode during one switching cycle.

Fig.6 shows the waveforms of input current,output 
voltage and input voltage.The input current is exactly 
in phase with input voltage and it is nearly sinusoidal. 
Fig.7 shows soft-switching across diode.
         

 V.CONCLUSION:

Table below shows comparison of different parameters 
with and without soft-switching:

                           Table-1
The switching losses of the auxiliary switch are mini-
mized by using an additional capacitor applied to the 
auxiliary switch. Besides the main switch ZVS turned-on 
and turned-off and the auxiliary switch turned-on and 
turned-off near ZVS. Since the active switch is turned on 
and turned-off softly, the switching losses are reduced 
and the higher efficiency of the system is achieved. The 
results have been compared with the PFC stage with 
hard switching.
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