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Abstract— This paper proposes a single- phase integrated 

converter topology with the use of soft-switching 

characteristics to obtain high power factor correction. The 

power factor correction for DC-DC converters at front end is 

important as the increase in usage of electronic devices like 

laptop, cell phones, Electric vehicles etc., Here the integrated 

converter is a combination of boost and buck converter. The 

boost converter is operated in DCM to reduce the harmonics 

of low current and increase power factor on the input side, 

while the buck converter is used to reduce the ripple on 

output side. The ZVS transition is achieved by the intrinsic 

diodes of active switches by providing a freewheeling action 

along with increased power factor that satisfies IEC 

standards over a wide range of load with rated power. Open 

loop and closed- loop using PI controller simulation are 

carried out. MATLAB software tool is used to implement the 

model and carry out simulation studies. Finally, a prototype 

60W rated output power is developed and tested with 110V 

input voltage. 
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I. INTRODUCTION 

The Boost converters or Buck-boost converters are widely 

used as power factor correction converter. So that in order to 

get unity power factor, it requires the output voltage of both 

the boost converter and buck-boost converter should be 

higher than the amplitude of the ac line voltage. There are 

two stages in power factor correction converter they are AC-

DC conversion and DC-DC regulation. Ac-to-dc conversion 

takes care of power factor correction whereas, dc-to-dc 

regulation takes care of the stable dc voltage to the load. 

There is two energy converter stages which produce some 

losses like switching losses, conduction loss and magnetic 

core loss. 

The combination of Cuk converter and Sepic 

converters are used for PF correction and regulation. The 

Cuk and Sepic converters are having advantage of simply 

circuit topology, since they only use one diode and one 

active switch. But the boost and buck-boost, Cuk and Sepic 

has problem of hard switching due to parasitic capacitor. 

Switch will have its own resistance and capacitance inbuilt, 

that capacitance known as parasitic capacitor. MOSFET will 

has its own capacitance value as well as resistance value 

because it is semiconductor, it will disturb the switch. So it 

will occur high switching losses and high spike current. This 

happens at critical conduction mode. So the synchronous 

rectification is needed in these converters. But by using this 

technique extra switch and control circuits are needed. 

Some soft-switching techniques were used because 

to solve the problem of the hard switching. In soft-switching 

the active-clamp circuit or snubber circuit is used. To 

eliminating the switching loss frequenting, these soft 

switching techniques were used. To make the active 

switches to turn-on at zero-voltage some additional auxiliary 

switch, diode and reactive components are needed for these 

techniques. The overall cost and the complexity of the 

circuit will be more. Besides, another conduction losses 

resulting from the circulating current in the active- clamp 

circuit would happen. 

In this project a new ac/dc converter featuring ZVS 

with simple control is presented. Here a new integrated 

boost and buck converter is proposed. Boost converter takes 

care of the front end power factor correction. The buck 

converter takes care of the output voltage regulation. 

Without any auxiliary switch or circuit, the zero voltage 

transition is made naturally in this circuit. Open loop and 

closed- loop using PI controller simulation have been down 

using MATLAB software. In this paper section II presents 

circuit configuration. Section III presents modes of 

operation. Section IV presents simulations results for open 

loop and closed-loop. Finally, section V gives some 

conclusions. 

II. CIRCUIT CONFIGURATION 

A new proposed ac/dc converter is as shown in the Fig 1. In 

this Fig1, MOSFET switches S1and S2 acts as active 

switches and the diodes DS1 and DS2 are the antiparallel 

diodes in which there are intrinsic body diodes. In this 

circuit it consists of a low-pass filter (Lm and Cm), a diode-

bridge rectifier (D1, D2, D3, and D4), a boost converter (LP, 

DS1, S2 and Cdc) and a buck converter (Lb, D5, DS2, S1 and 

Co). Boost converter and buck converter will operate at a 

high-switching frequency, fs. Both active switches are 

designed to operate at discontinuous-conduction mode 

(DCM) for achieving ZVS. 

 
Fig. 1: A new proposed ac/dc converter. 

III. MODES OF OPERATION 

The operation can be explained in eight different modes as 

explained below; 

A. Mode 1(t0< t < t1): 

In mode 1; at t=t0, S1 and S2 are turned OFF. In this mode, 

the time interval is the turn-off transition. At the starting of 
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mode1, the buck inductor current ib flow through the output 

capacitor CDS1 and CDS2. CDS1 gets charged and CDS2 

discharges. The boost-inductor current ip increases when the 

voltage across VDS2decreases and has to be lower than that 

of input voltage rectified Vrec. The diode DS2 turns ON, 

when the voltage VDS2 reaches -0.7V and mode 1 ends.  

 
Fig. 2(a): Equivalent circuit for mode 1 

B. Mode 2(t1< t < t2): 

In mode 2; at t=t1, S1 is OFF and S2 is turned ON by gate 

voltage, VGS2, after short dead time. The buck inductor 

current ib flows through the body diode of S2. From peak 

value ib decreases and ip increases linearly with a rising 

slope from zero. The buck inductor current ib having two 

loops, one loop of ib flow through S2 and other loop of ib 

flow through line voltage source, diode rectifier and Lp. 

When ip rises to become higher than ib then mode 2 ends. 

 
Fig. 2(b): Equivalent circuit for mode 2 

C. Mode 3(t2< t < t3): 

In Mode 3; at t=t2, S1 is OFF and S2 is ON. The boost-

inductor current ip is higher than the buck inductor current ib 

in this Mode. The boost-inductor current ip flows through S2 

in the direction from drain to source. Boost-inductor current 

ip   having two loops. One loop of ip flow through S2 and 

other loop of ip flow into the buck converter. Here ib 

decreases continuously as ip keeps increasing. This Mode 

ends when ib comes to zero. 

 

Fig. 2(c): Equivalent circuit for Mode 3 

D. Mode 4(t3< t < t4): 

In Mode 4; at t=t3, S1 is OFF and S2 is ON. Here ib is zero 

and ip keeps increasing, so that S2 remains ON to carry ip. 

The ib current is zero so that no current is passing through 

the buck converter, hence it is at OFF state. The output 

capacitor CO supplies current to the load. This Mode ends 

when the switch S2 is turned OFF by gate voltage, VGS2.  

 
Fig. 2(d): Equivalent circuit for Mode 4 

E. Mode 5(t4< t < t5): 

In Mode 5; at t=t4, the S2 is turned OFF when the current ip 

reaches a peak value. At the beginning of this Mode, the 

buck inductor current ibis zero. When S2 is turned OFF, the 

boost-inductor current ip flow through the output capacitor 

CDS1 and CDS2. CDS1 discharges and CDS2 gets charged. The 

buck-inductor current ib starts to increase, when the voltage 

across VDS1 is lower to that of Vdc-Vo. The Vdc-Vo is the 

voltage across Lb. The diode DS1 turns ON, when the voltage 

VDS1 reaches -0.7V and Mode 5 ends. 

 
Fig. 2(e): Equivalent circuit for Mode 5 

F. Mode 6(t5< t < t6): 

In Mode 6; at t=t5, S2 is OFF and S1 is turned ON by gate 

voltage, VGS1, after short dead time. The boost inductor 

current ip flow through the body diode of S1. The boost 

inductor current ip having two loops, one loop of ip flow 

through S1 to charge Cdc and other loop of ip flow into the 

buck converter. When ib rises to become higher than ip the 

Mode ends. 

 
Fig. 2(f): Equivalent circuit for Mode 6 
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G. Mode 7(t6< t < t7): 

In Mode 7; at t=t6, S2 is OFF and S1 is ON. The buck-

inductor current ibis higher than the boost inductor current ip 

in this Mode. The buck-inductor current ib flow through S1 

in the direction from drain to source. Buck-inductor current 

ib having two loops. One loop of ib flow through S1 and other 

loop of ib flow into the boost converter. Here ib increases 

continuously as ip keeps decreasing. This Mode ends when 

ip comes to zero. 

 
Fig. 2(g): Equivalent circuit for Mode 7 

H. Mode 8(t7< t < t8): 

In Mode 8; at t=t7, S2 is OFF and S1 is ON. Here ip is zero 

and ib keeps increasing, so that S1 remains to carry ib. The ip 

current is zero so that no current is passing through the boost 

converter, hence it is at OFF state. The dc link capacitor Cdc 

supplies current ib flow through S1, D5, Lb, CO. This Mode 

ends when the switch S1is turned off by gate voltage, VGS1. 

The circuit operation will go back to Mode 1 for the next 

high-frequency cycle. 

 
Fig. 2(h): Equivalent circuit for Mode 8 

IV. SIMULATIONS RESULTS 

Table I shows the specifications of the circuit. Input voltage 

is given as 110V (rms) and the switching frequency is given 

as 50 KHz at rated power. Table II shows the list of circuit 

parameters. Fig.3 shows the simulation for open loop 

configuration using MATLAB Simulink. Fig.4 – Fig.12 

shows the voltage and current waveform that which 

measured at rated output power. Fig.4 and Fig.5 shows the 

input voltage and input current. It is seen that the boost 

converter operates at DCM, and boost converter that wave 

shape the input line current to be sinusoidal waveform. 

Besides, the input current is in phase with the input voltage 

each other. Hence the high power factor and low THDi can 

be obtained. Obtained the power factor as 0.9998 and THDi 

as 6.68%. Fig.6 and Fig.7 shows the output voltage 

waveforms of both converters and output current waveform 

shows in Fig.8. Fig.10 and Fig.11 shows the voltage and 

current waveforms of the active switches. As both active 

switches are turned on at nearly zero voltage. Fig.12 shows 

the inductor-current waveforms of the both converters and 

both converters operates at discontinuous-conduction Mode 

(DCM). Fig.13 shows the total harmonic distortion (THDi) 

of input line current. Fig.14 shows the simulation for closed-

loop using PI controller. Fig.15 – Fig.17 shows the output 

voltage and output current waveform of closed-loop. 

Specifications Value 

Input Line voltage, vin 110V(rms), 60 Hz 

Output Power, P0 60W 

Output Voltage, V0 214 V 

Output Current, I0 0.277 A 

High switching frequency,fs1,fs2 50 KHz 

Table 1: Circuit Specifications 

Parameters Value 

Filter Capacitor, 𝐶𝑚 0.47µF 

Filter Inductor, 𝐿𝑚  2.16 mH 

Diodes, 𝐷5 MUR460 

Active Switches 𝑆1, 𝑆2 IRF840 

DC-Linked Capacitors, 𝐶𝐷𝐶 100 µF 

Buck Inductor, 𝐿𝑏  2.14 mH 

Buck Capacitor, 𝐶𝑜  100 µF 

Boost Inductor, 𝐿𝑝  0.76mH 

Table 2: Circuit Parameters 

 
Fig. 3: Matlab simulation for open loop 

 
Fig. 4: Input voltage and current waveform 

 
Fig. 5: Input current waveform 
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Fig. 6: Boost output voltage (Vdc) waveform 

 
Fig. 7: Buck output voltage (Vo) waveform 

 
Fig. 8: Output current (Io) waveform 

 
Fig. 9: Waveform of VGS1, VGS2 

 
Fig. 10: Waveform of VDS1, is1 

 
Fig. 11: Waveform of VDS2, is2 

 
Fig. 12: Waveform of ip, ib 

 
Fig. 13: Total harmonic distortion (THDi) of input line 

current 

 
Fig. 14: Matlab simulation for closed-loop using PI 

controller 

 
Fig. 15: Boost output voltage (Vdc) waveform 

 
Fig. 16: Buck output voltage (Vo) waveform 
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Fig. 17: Output current (Io) waveform 

V. CONCLUSION 

This paper proposes an integrated boost converter and buck 

converter circuit. Boost converter takes care of the front end 

power factor correction. The buck converter takes care of 

the output voltage regulation. The proposed circuit achieves 

high power factor, low THDi and soft switching. A 60W 

prototype circuit has been built and is tested for 110V input 

voltage. The simulations results shows the power factor as 

0.9998 and total harmonic distortion at input side current as 

6.68%, and zero voltage switching (ZVS) on active switches 

has also been achieved. 
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