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Abstract - The flyback converter type single-stage converter and a half wave rectifier with time-multiplexing control 
(TMC) for power factor correction is proposed. It has the advantage of better magnetic core utilization and better 
performance for high power applications. The major portion of the input is transferred to the load through ac-dc 
conversion. And the part of the input power is delivered to the auxiliary output through the flyback conversion and 
stored in the capacitor. The voltage ripple of the main output can also be reduced. With TMC the power processes can 
be achieved by single transformer to reduce the cost and the size of the converter. The simulation result of the 
proposed converter presents, simplicity, high power factor with low cost and size. 
 
Index Terms -Power Factor Correction (PFC), Single –Stage, Flyback Converter. 

 

1. INTRODUCTION 

 
During the past two decades, power electronics 

research has focused on the development of new families of 

hard- and soft-switching converter topologies used in the 

design of dc–dc and ac–dc converters with active power 

factor corrections (PFC’s). The goal is to design high-

efficiency and high-power density converters with 

improved power factor and low electromagnetic 

interference (EMI). In recent years, as the new standards 

such as IEC 1000-3-2 became compulsory regarding 

limiting the total harmonic distortion (THD) and input 

power factor in power electronic circuits, researchers are 

actively seeking ways to shape the line current waveform to 

achieve THD and power factor that comply with 

international standards. Active PFC circuits that use pulse 

width modulation (PWM) switch-mode topologies such as 

the boost, buck–boost, and their derived ones have been 

used dominantly. 

 

The steady-state analyses for a large number of such 

topologies are well documented, and their various dc 

control characteristics are well known. In addition to the 

steady-state behavior, the dynamic behavior is equally 

important and critical when it comes to the design of a 

robust control system for such converters. Control theory is 

applied to improve the performance of power electronics 

circuits such as the transient response, control accuracy, 

regulation capability and to reduce the effects of parameter 

variations as well as other disturbances. Over the last two 

decades, several control schemes have been presenting 

various modeling techniques for the power stage. A novel 

one-switch one-stage converter is proposed in, which 

features universal line voltage operation, near unity power 

factor, high efficiency, and low THD in the input current.  

With the increasing demand for power from the ac line and 

more stringent limits for power quality, power factor 

correction has gained great attention in recent years 

 

Power Factor Correction (PFC) technique continues to 

be attractive research topic with several effective 

regulations being reported. Conventional cascade of two 

stage topology can achieve good performance such as high 

power factor and low voltage stress, but it usually suffers 

from high cost and increased circuit complexity. Many 

single-stage PFC AC/DC converters have been proposed 

that can be applied cost-effectively. However, it’s well 

known that in single stage topologies, the voltage across the 

bulk capacitor can not be controlled well due to the fact that 

only one switch and control loop are used. Moreover, the 

storage capacitor voltage varies widely with the input 

voltage and load variation, especially when the PFC 

operates in DCM mode while DC/DC stage operates in 

CCM mode. Finally, the storage capacitor voltage will 

increase to be unbearable under light load condition.  

 
Fig.1 Power Factor Triangle (Lagging) 

 

Power Factor Correction (PFC) converter is necessary 

for many electronic types of equipment to meet harmonic 

regulations and standards, such as IEC 1000-3-2. For low 

power applications, single-stage PFC converter is a better 

choice considering cost and performance. In single switch 

topologies, a PFC cell is integrated with a DC/DC 
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conversion cell and both cells share active switches and 

controller. But those topologies suffer from high voltage 

and high current stresses. But most of those methods will 

bring high distortion to line current waveform, resulting in 

reduced power factor.  In recent years the power factor 

correction problem is solved by single-stage flyback 

converter with time multiplexing control [1]. 

 

In order to improve the power factor, several single 

stage PFC circuits have been developed. Flyback and 

forward converters are the common topologies for active 

PFC [2], [5],[15],[16].These converters allow the input 

current to be shaped into a rectified sine wave, which is in 

phase with the input voltage, achieving the high power 

factor.  Resonant power factor correction circuits have been 

introduced which are named as full-bridge and half-bridge 

[17], [18]. Soft switching technique has also been used in 

these converters [7], [8], [13], [17]. The single stage soft 

switching regulators are attractive because of its soft 

commutation and low voltage stress. Single-stage parallel 

PFC schemes or direct power     transfer (DPT) technique is 

also used. Fig.2. There are several disadvantages of the two-

stage PFC converter, for example, the total efficiency of the 

two-stage is lower because the total power has to be 

processed twice with two cascade power stages and each 

power stage has to be rated as full output power which will 

increase the size and cost of the circuits. 

 

 
 

Fig. 2 Two-stage Power-Factor-Corrected (PFC) Converter 

approach 

 

The proposed converter in this paper consists of a 

forward converter integrated with an auxiliary flyback 

converter. The major input power is delivered directly to 

the load through the forward converter avoiding double 

power processing while excessive energy is stored in the 

capacitor of the auxiliary flyback converter. The overall 

efficiency of the system can be improved by maximizing 

the power processed by the forward converter. The line-

frequency voltage ripple of the main output is minimized 

by controlling the energy transferred from the auxiliary 

output to the main output by applying the time 

multiplexing control (TMC). TMC has been introduced in 

telecommunication systems. The channel divides into N 

time slots and transmits each signal through the assigned 

time slot. This solves the problem when the resource is 

limited. This paper applies TMC technique to controlling 

the auxiliary output. This output has its own feedback 

control circuit to control switch to regulate the output 

voltage and to minimize the output ripple.   

 

PFC converter proposed in consists of a single forward 

converter operating in discontinuous conduction mode 

(DCM). In order to reduce the low frequency output 

voltage ripple, an auxiliary circuit with a bulk capacitor is 

used to produce an anti-phase voltage ripple to the line 

frequency ripple. However, there is no isolation between 

the bulk capacitor and the output. The high bulk capacitor 

voltage would cause safety issues. 

 

2. TOPOLOGY AND OPERATION PRINCIPLE 
Fig. 3 shows the topology of the proposed single-stage 

PFC circuit based on a forward AD/DC converter. The 

circuit consists of a forward converter with an auxiliary 

circuit with a transformer T1, a reset winding L3, a 

capacitor Caux, a diode D3, and a switch S2. With the 

control of S1, the major power is directly transferred 

through the forward part to the load. The output voltage is 

represented by Vmain. Some energy is transferred to the 

auxiliary circuit, stored in Caux. With the control of S2, the 

power is transferred from auxiliary flyback part to the main 

output. Low output line-frequency voltage ripple is 

obtained by controlling the power from the auxiliary circuit 

through the duty cycle of S2.The signal of switches S1 and 

S2 are shown in Fig, 3. With the TMC control, switch S1 

operates during t0-t1 period while S2 operates during t2-t3 

period. The operation of current can be divided into five 

stages. 

 
 

Fig. 3 Flyback converter and half wave rectifier 
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a) Stage I 

 

  

 
 

(b) Stage II 

 

 

 
 

(c) Stage III 

 
 

(d) Stage IV 

 

Fig.4 Equivalent circuit of each stage 

 

Stage I 

The switch S1 turns on and switch S2 is off in this 

stage. The supply voltage |Vin| charges the primary 

inductance. Meanwhile, the supply voltage transfers power 

to the auxiliary output through forward conversion when 

|Vin| is larger than the reflected voltage from the auxiliary 

voltage Vaux.  Otherwise, the transformer acts solely as a 

coupled inductor, storing energy through the primary 

inductance. This keeps input current to flow into the circuit, 

preventing any dead angle of input current to occur. The 

load at main output is supplied by the capacitor Cmain.  

 

Stage II 

The switch turns off and switch S2 is off in this stage. 

The energy previously stored in the magnetic field is 

delivered to the main output through flyback conversion. 

At the same time, the free-wheeling diode in the auxiliary 

out is on. 

 

Stage III 

The switch S2 turns on and switch S1 is off in this 

stage.  The auxiliary output capacitor stores energy in the 

transformer through the auxiliary winding. The load at 

main output is supplied by the capacitor Cmain. 

 

Stage IV 

The switch S2 turns off and switch S1 is off in this 

stage. The energy is thus transferred from the auxiliary 

output to the main output through the flyback conversion 

in Stage III. The main output voltage can be well regulated 

by controlling the turn-on time of the switch S2. 

 

3. CIRCUIT ANANLYSIS AND DESIGN 
CONSIDERATION 

 
 

a) Conventional two stage PFC 

 

 
b) Proposed single-stage PFC scheme 

Fig. 5 Power transfer diagrams 
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For not only the two-stage PFC converter scheme but 

also the single-stage PFC converter shown in Fig. 5, the 

input power had to transferred twice before producing to 

the load. The input power is firstly transferred to store in 

the bulk capacitor though the PFC AC/DC stage. Then, it is 

transferred to the load through the DC/DC stage. These 

result that the overall efficiency is reduced due to the 

double power transferred. The proposed PFC converter 

applies direct power transfer (DPT) to increase the overall 

power conversion efficiency. Part of the input power P1 is 

directly transferred to the output, rest of the power P2 is 

delivered to the auxiliary output and stored in the bulk 

capacitor with some losses. 

 

Efficiency 

For both the conventional two-stage PFC scheme and 

the single-stage PFC scheme sharing one power switch, the 

input power have been processed twice before applying to 

the load, the input power is first transferred through PFC 

functional stage to store in intermediate bulk capacitor. The 

stored power is then transferred through dc–dc functional 

stage to the load. Double power processing results in low 

overall efficiency of those schemes. 

 

P  =η1 . k .Pin 

P2 =η2 .(1- k) .Pin 

P3 =η . P2 

Pout =P1 + P 2 

 

where  

  = efficiency of the flyback ac-dc stage(P1) 

2 = efficiency of the half wave rectifier ac-dc stage (P2) 

3 = efficiency of the flyback ac-dc stage(P3) 

 k= percentage of input power directly transferred to the 

load 

 

The proposed single-stage PFC scheme uses DPT idea 

to achieve high overall efficiency. The part of the input 

power P1 is directly transferred to the output and rest of 

input the power P2 is delivered to the auxiliary output and 

stored in the intermediate bulk capacitor (auxiliary). 

Eventually, the stored power P3 will be transferred to the 

main output through flyback dc–dc conversion with TMC. 

 

This topology has been simplified with fewer 

components to save cost.The auxiliary output voltage is still 

naturally clamped within the range.The bulk capacitor 

(auxiliary)is charged directly when the switch S1 turns on; 

it results in high initial input current i1 which is reflected 

from the auxiliary output current i3.  
 

 
 

 

 

 
 

(a) With 220V input voltage 

 

 
 

(b) Input current 

 

 

 
 

(c) Input pulse to the switches 
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(d) Waveform of line voltage and line current 

 
 

(e) Output DC voltage waveform 

Fig.6 waveforms of input voltage, line current, output 

voltage and input pulses 

 

The input voltage Vin and input current Iine are shown 

in Fig.6. It indicates that high power factor has been 

obtained with the proposed PFC converter by applying the 

different input voltages. The input current is nearly perfect 

sine wave. The reason causing this result is when Vin is 

larger than the Vmain, the major input power transfer to 

the output through the forward conversion; when Vin is 

smaller than the Vmain, the circuit is worked as a flyback 

converter. This avoids the dead-angle appeared, increases 

the power factor compared to a classical forward converter. 

The third harmonic in the input is largely caused by the 

zero-crossing distortion.THD is 3.91% when upto 40th 

harmonic are measured. The zero-crossing distortion 

energy is spread among multiple frequencies at 5th, 7th, 9th 

and 11th harmonics, such that THD is actually lower than 

that under 60Hz input. 

 

4. CONCLUSION 
The replacement of forward converter by the half wave 

rectifier gives the cost efficiency and high power factor. A 

forward-based Single-Stage PFC converter with TMC based 

on direct power transfer (DPT) concept is proposed in this 

paper. High power factor is achieved which is shown in the 

simulation result. Successful control of TMC of the 

auxiliary power switch results in lower output voltage 

ripple and tight voltage regulation. High efficiency is 

obtained according to maximize the percentage of DPT. 

Only a single transformer is used for all the power 

conversion. The simulation results confirm the effectiveness 

of the proposed scheme for the proposed Single-Stage PFC 

converter. 
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