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Abstract— Switched mode power supplies (SMPSs) are 

used for powering up different parts in a personal computer 

by developing multiple dc voltages from a single-phase ac 

voltage. Normally, a bridge rectifier (BR) followed by a 

filter capacitor is used at the front end of these SMPSs. BR 

causes significant reduction in the power quality. This thesis 

deals with the design, analysis, simulation and development 

of a power-factor-correction (PFC) multiple output 

switched-mode power supply (SMPS) using a bridgeless 

buck–boost converter at the front end. Single-phase ac 

supply is fed to a pair of back-to-back-connected buck–

boost converters to eliminate the diode bridge rectifier, 

which results in reduction of conduction losses and power 

quality improvement at the front end. The operation of the 

bridgeless buck–boost converter in discontinuous 

conduction mode ensures inherent PFC operation and 

reduces complexity in control. For providing isolation and 

multiple output a forward converter (FWDC) with active 

clamping circuit is proposed. Simulation of the proposed 

converter is done using MATLAB R2014a. Finally an 

experimental set up of 30W is set up in laboratory and 

verified the feasibility of the proposed topology. 
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I. INTRODUCTION 

The SMPS are used in personal computers. In old days the 

DC supply is fed to a diode bridge rectifier and convert it in 

to a DC voltage and after that this is given to a DC-DC 

converter followed by a high frequency transformer form 

that multiple outputs are obtained [1]. The major 

disadvantage of this topology is that the reduced power 

factor due to BR. In order to maintain a unity PF [1] uses a 

complex controlling scheme called hysteresis band control is 

used. [2] proposed SMPS with coupled inductor, this 

reduced the size of SMPS but it is also having a low power 

factor. A bridgeless topology is introduced in [3], it consist a 

front end converter instead of BR. This increase the power 

factor, due to the continuous conduction mode operation of 

the converter switches it require a large EMI filter. 

A SMPS which have almost all good characteristics 

of a regulated power supply is proposed in [4]. It consist a 

Buck-Boost converter as a front end converter followed by a 

half bridge converter. The Buck-Boost converter is 

operating in discontinuous conduction mode. This will 

reduce the EMI filter size also increase the power factor of 

the SMPS. The major disadvantage of this scheme is that the 

problems associated with the half bridge converter. The high 

frequency transformer used for isolation purpose have some 

leakage energy stored in winding and when the switch is off 

this will act across the switch thus the stress is increased, 

this will reduce the life of switch. Also use of half bridge 

converter increase the number of components. 

In this paper an SMPS with Buck-Boost converter 

as front end converter and followed by a forward converter 

with active energy recovery is proposed. The leakage energy 

stored in the transformer is recovered using parallel 

charging and series discharging of capacitors [5]. Since this 

scheme utilize the leakage energy the efficiency of the 

converter is increased thus the secondary turns also can be 

reduced. The charging and discharging current is not a large 

quantity thus the conduction loss also can be reduced. 

In this paper first section explain about the 

proposed converter and second section is about the modes of 

operation and third section consist of design of the proposed 

converter fourth section is the experimental setup and results 

finally the conclusion. 

II. BRIDGELESS MULTIPLE OUTPUT SMPS 

 
Fig. 1: Bridgeless Multiple Output SMPS

Figure 1 shows a Bridgeless multiple output  SMPS. The 

proposed converter consist of two parts, a Buck-Boost 

converter as a front end converter which is followed by a 

forward converter with active energy recovery circuit. In 

this circuit there are two buck boost converter, one is for 

positive half cycle of AC input voltage and other is for 
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negative half cycle of the AC input voltage.  The operations 

of two buck boost converter is identical to each other. The 

line voltage first convert to a DC voltage then this is fed to a 

forward converter. The forward converter consist a 

transformer having multiple outputs and operation of each 

output winding are identical. 

 
Fig. 2: Mode 1 Operation 

Sc1, Lc1, Dc1, D11 is the buck boost converter for 

positive half cycle and Sc2, Lc2, Dc2, D12 is the buck boost 

converter for negative half cycle. S1 is the forward 

converter switch and C1, C2, C3 and D1, D2, D3 is the 

capacitors and diodes used for leakage energy recovery at 

first output. These capacitors charges in parallel by using the 

leakage energy stored in the winding and discharged serially 

to the output and there by the leakage energy is recovered. 

There is not much importance in the value of these 

capacitors, the only design parameter is the voltage across 

these capacitors [5]. Thus the selection of these capacitor is 

in such a way that their voltage rating should be more than 

the maximum voltage appear across it.  

III. MODES OF OPERATION OF BUCK BOOST CONVERTER 

The buck boost converter in prosed SMPS have two modes 

of operation.  Mode when switch is on and second mode 

when switch is off. 

A. Mode 1 operation 

In this mode switch S is on, then the inductor Lc1 is charged 

from the supply through the diode D. 

B. Mode 2 Operation 

In this mode the switch is off. Thus the inductor stars 

discharge to the forward converter. At the end of this mode 

inductor discharges completely thus the converter is 

operating in discontinuous conduction mode to ensure the 

discontinuous conduction mode the value of inductor is used 

in buck boost converter is very smaller than the obtained 

value through design. 

 
Fig. 3: Mode 2 Operation 

IV. MODES OF OPERATION OF FORWARD CONVERTER 

The forward converter can operate either in continuous 

conduction mode or in discontinuous conduction mode 

depending upon the leakage energy stored in the transformer 

winding. Here we consider the discontinues conduction 

mode of operation.  Vin is the output of the buck boost 

converter. 

A. Mode 1 Operation 

In this mode switch S is on. This will reverse bias the diode 

D1. The transformer leakage and magnetizing inductance is 

charged by the input supply. The energy in the primary is 

transferred to the secondary by mutual inductance, this will 

reverse bias the diodes at the output side D2 and D3. The 

output voltage is equal to the sum of 

in+Vc1+Vc2+VNs+Vc3 The capacitor Co is charged and 

also the load is supplied. 

 
Fig. 4: Mode 1 Operation 

B. Mode 2 Operation 

In this mode switch is off. Thus the diode D1 is forward 

biased. The capacitor at the output is charged to a higher 

value than the secondary output of transformer this will 

reverse bias the diode at the output Do. Then the diode D2 

and D3 are forward biased thus the capacitors C1, C2, C3 

are charged by using the leakage energy stored in the 

winding. During this mode the output is supplied by the 

capacitor Co.  
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Fig. 5: Mode 2 Operation 

C. Mode 3 Operation 

In this mode switch S is off the leakage energy stored in the 

winding is completely used for charging the capacitors.  

During this time the output is  supplied by the capacitors. 

This shown in figure 6. 

 
Fig. 6: Mode 3 operation 

V. DESIGN OF PROPOSED SMPS 

Design of the proposed SMPS include following design of 

components, 

A. Design Of Buck Boost converter 

Lc    =      
𝐷𝑇𝑉𝑎𝑣𝑔

∆𝑖𝐿𝑜𝑛
     …………………………(1) 

D - duty cycle.=0.2 

Vavg - average of single-phase ac input voltage.=200v 

ΔiLon = 2 ∗ Iin = 3.5A 

Lc=607µH 

For discontinuous conduction mode Lc=Lc/10, 

Thus Lc= 60µH 

B. Design of High Frequency Transformer 

Pout=150W; Output: +12V/6A; Output2: +5V/15A  

f =20kHz; V =230V. 

Assume entire power is concentrated on the first secondary 

winding. Then, 

V21=12V and I2=10.4A. 

Primary inductance of transformer is given by, 

Assume entire power is concentrated on the first secondary 

winding. Then, 

V21=12V and I2=10.4A. 

Primary inductance of transformer is given by,  

𝐿𝑝 >
[𝐷𝑚𝑖𝑛×𝑉1𝑚𝑎𝑥]2

2×𝑓×∑ [|𝑉21|×𝐼21𝑚𝑖𝑛]2
𝑖=1

………………….(2) 

Where, I21min = 
𝐼2𝑛

𝐼2
 

On substituting the values on equ(2), 

Lp˃27mH. 

𝐿𝑝 = 𝐿𝑚 ≤
1.26×𝑁𝑝2×𝐴𝑒×10−8

𝑙𝑔+𝑙𝑒/𝜇𝑒
……………….(3) 

For a ferrite core (ET293D) Ae=3.5mm2 & le=11.6cm. 

Substituting in equ(3), 

Np=400. 

Ns1=24 and Ns2=10 

Components Specification 

Lc1=Lc2 60µH 

Transformer 400:24:10 

MOSFET IRF540 

DIODE BYQ28E 

Table 1: Component specification 

 
Fig. 7: Switching stress without clamping capacitor 

VI. SIMULINK MODEL AND RESULTS 

 
Fig. 8: Simulink model 
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Using the designed values a Simulink model for the 

proposed converter is created. Simulation was done using 

MATLAB/SIMULINK. The converter is simulated for an 

input voltage of 230V AC and gives outputs of 12V and 5V 

DC. Figure 9 shows the voltage waveforms and figure 10 

shows the output waveforms. 

 
Fig. 9: Voltage Waveforms 

 
Fig. 10: Output Voltage waveform 

VII. EXPERIMENTAL SETUP  

A prototype of 30W is designed and the simulation of 

prototype is also done using MATLAB.  The control pulse 

are generated using a PIC 16F877A microcontroller and to 

drive the power electronic switches TLP250 is used. The 

outputs are observed using a DSO. Figure 11. Shows the 

experimental setup for the SMPS. 

 
Fig. 11: Experimental setup 

Figure 12. Shows the control pulse for the Buck-Boost 

converter. Figure 13. Shows the DC link voltage. Figure 14. 

Shows the voltage across transformer. Figure 15,16 are the 

SMPS outputs. 

 
Fig. 12: Control pulse for the switch 

The proposed SMPS give good performance. 

Because of the active clamping energy recovery method 

used the switching stress is reduced. 

 
Fig. 13: DC link Voltage 

 
             Fig. 14: Voltage Across HF transformer 
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Fig. 15: SMPS Output 1 

 
Fig. 16: SMPS Output 2 

VIII. CONCLUSION 

 A bridgeless multiple output SMPS has been designed, 

modeled, simulated, and a 30W prototype is implemented in 

hardware. The discontinuous mode of operation of the 

converter increase the power factor also reduces the size of 

inductor is reduced. The voltage clamping circuit in the 

forward converter reduces the switching stress and by 

parallel charging and series discharge of the capacitor 

technique the leakage energy stored in the transformer 

winding is transferred to the output. This technique further 

increase the efficiency of the converter. The prototype of the 

converter gives satisfactory results. 

ACKNOWLEDGMENT 

It is a grate pleasure to acknowledge all those who assisted 

and supported me for successfully completing this paper. I 

express my deep sense of gratitude to Prof. George John P, 

for the valuable guidance as well as timely advice which 

helped me a lot in completing the paper successfully. I am 

deeply indebted to assistant Prof. Babu Thomas, his 

guidance, patients and encouragement will be guiding spirit 

in all endeavors of my future.  

REFERENCES 

[1] Carlos Alberto Canesin.” A Unity Power Factor 

Multiple Isolated Outputs Switching Mode Power 

Supply Using A Single Switch.” IEEE Transactions on 

Power Electronics, vol. 27, no. 4, April 2012. 

[2] J.-M. Kwon,” Single-stage half-bridge converter using a 

coupled-inductor.” IEEE Proc.-Electr. Power Appl., 

Vol. 152, No. 3, May 2005. 

[3] Woo-young,” A Bridgeless Single-stage Half-bridge 

AC/DC  Converter”. IEEE Trans. On PE, Vol. 26, No. 

12, December 2011. 

[4] Shikha Singh,” Improved-Power-Quality Bridgeless-

Converter-Based Multiple-Output SMPS.” IEEE 

trans.Applications, vol. 51, no. 1, jan./feb.2011. 

[5] Yi-Ping Hsieh, Jiann-Fuh Chen , "Novel High Step-Up 

DC–DC Converter for Distributed Generation System" 

IEEE Trans. Industrial Electronics, VOL. 60, NO. 4, 

April 2013. 

[6] C. L. Chen, Y. Wang, J. S. Lai, Y. S. Lee, and D. 

Martin,  "Design of parallel inverters for smooth mode 

transfer microgrid applications"  IEEE  transactions. on 

Power electronics  , vol. 25, no. 1, pp. 6–15, Jan. 2010. 

[7] R. J. Wai and R. Y. Duan, “High-efficiency dc/dc 

converter with high voltage gain,,”  Proc. I nst. Elect. 

Eng.—Elect. Po wer Appl, vol. 152, no. 4,pp. 793–802, 

Jul. 2005. 


