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Abstract—New recommendations and feature standards have increased the interest in power factor correction circuits to get 
sinusoidal line current. The analysis of the major-component ratings of the continuous current mode (CCM) single-stage 
power factor-correction (PFC) and the CCM boost two-stage PFC converters is given. High-performance regulation with 
satisfactory line-current harmonics is demonstrated with conventional duty-ratio control. Zero voltage switching, zero 
current switching, active snubber approaches employed to reduce the reverse recovery losses. By using line frequency 
commutated techniques and enabling window control Electromagnetic interference noise (EMI) is reduced and soft 
switching is obtained by reducing driving losses. By using asymmetrical pulse width modulation techniques the total 
harmonic distortions are reduced to less than 3.8% and the efficiency can be obtained above 96.5% with the network. Cool 
MOSFETs and SiC diode used to reach the desired efficiency with competitive price. This method is verified by 
experimental results obtained from a 500W prototype. 
 
Keywords: Boost power factor correction (PFC), continuous conduction mode (CCM), enabling window control (EWC), 
pulse width modulation control (PWM), zero voltage switching (ZVS), zero current switching (ZCS). 
 
 
I. INTRODUCTION 
 

Power factor correction (PFC) as a basic 
requirement for switching power supplies. A 
conventional boost converter with continuous 
conduction mode (CCM) is shown in Fig. 1, which is 
one of the most popular topologies for PFC 
applications due to near unity power factor, 
continuous input current, and small electromagnetic 
interference (EMI) filter size [1]–[5].This circuit has 
certain low efficiency in the light-load work 
condition or under low input voltage because of 
higher conduction loss of the input rectifier bridge 
and higher switching loss [6]–[9]. Power Cool 
MOSFETs are used to reduce the switching losses 
and fast response in conjunction with SiC diode. 

High switching frequency applications causes to 
increase the noise and harmonics and causes to 
reduce the efficiency of the converter. The switching 
loss is directly proportional to the switching 
frequency .Efficiency will be improved with lower 
switching frequency, but the lower switching 
frequency may cause higher current ripple of the 
input filter, zero crossing distortion and lower power 
factor.  

The line-frequency switching method has been 
used for the PFC converter to reduce the switching 
loss [10]–[12]. The switch is turned ON and OFF 
only twice per line cycle; thus, the switching loss is 
reduced significantly compared with the high-
frequency switching boost PFC. A larger inductor and 
output voltage cannot be regulated tightly with line 
and load variations. A similar asymmetric pulse width 
modulation (PWM) strategy with double line 
frequency switching method was developed to further  

 
reduce the harmonic distortion, and an extra 
conduction time of main switch was added to increase 
the conduction time of the input current [14]. 
 

          Active PFC technology has been used for 
high switching frequency applications with improved 
power factor by using bridge less PFC. the switching 
loss is reduced due to fewer switching cycles. Output 
voltage cannot be regulated tightly with wide load 
variations in active PFC. 

         The diode bridge also causes one of the 
reasons to the lower power factor due to conduction 
losses. Many topologies have been developed to 
reduce the conduction loss. Bridgeless PFC generates 
less conduction loss compared with the conventional 
boost PFC (CBPFC). Voltage doubler PFC has only 
two voltage drop of semiconductors in the current 
path, but the output voltage should be twice the peak 
of the input voltage.  

 
Fig 1.CCM boost PFC, (a) Topology of CCM boost PFC (b) 

Waveforms of CCM boost PFC 
 

In this paper a novel enabling window control is 
introduced to reduce the switching loss. In the PFC 
circuit most of power is transferred in the middle area 
of a half-line cycle where the input voltage is higher. 
Hence lower switching frequency is used in this area 
to reduce the switching loss.  In the other areas of a 
half-line cycle, less power is transferred and the 
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switching loss is smaller. However, It is difficult to 
track the sinusoidal reference signal around the zero 
crossing point with a lower switching frequency. 
Therefore, a higher switching frequency, such as 100 
KHz, is used in these areas to avoid zero point 
distortion and achieve high power factor. The used 
EWC method is easy to implement with existing PFC 
ICs, and only a few additional control components 
are needed. EMI noise and driving loss of main 
switch can be reduced with EWC method. Cheaper 
semiconductor devices can be used to reach 
efficiency as high as SiC diode and Cool-MOSFETs. 
 
II. PRINCIPLE OF EWC 
 

For the CCM boost PFC, the input current and 
voltage waveforms are in-phase sine waves, which 
are expressed as 
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It is assumed that the loss of the circuit is small 

enough that is can be ignored, and then, the 
instantaneous input power can be described as 
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Fig .2. Instantaneous input power of CB PFC 

 
Where Po is the output power of PFC circuit and 
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The wave forms of input voltage and input current 
are shown in fig 2.It is seen that the instantaneous 
input power of CBPFC is not constant but varies with 
a double line frequency. Most of the power is 
transferred during the shadow area in high-line cycle. 
More than 80% power is transferred in the shadow 
area. 
 

The power losses of the CB PFC are mainly 
composed of diode bridge loss, inductor loss, 
MOSFET loss, diode loss, and so on.  

The losses will occur in MOSFET due to internal 
capacitance and in diode also due to reverse recovery 

of silicon diode or capacitive charge of silicon 
carbide diode. 

 
Fig.3. principle of EWC 

 
By knowing the rise time (tr) and fall time (tf) the 

switching losses can be determined when the 
MOSFET is switching is  
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Fig.4..input current wave forms of CB PFC and EWC 
PFC. (a) input current wave form of EWC PFC 
(Vin=230Vac, Po=500W,k=0.5, Tline=20ms) (b) Input 
current wave form of CBPFC (Vin=230Vac, 
Po=500W,Tline=20ms) 
 

Low switching frequency lead to the distortion of 
zero crossing point and low power factor. A high 
switching frequency such as 100 kHz is used in the 
outside of the shadow areas to achieve high power 
factor. 
 
B. Selection of window size k 
 

  Window size k is one of the most important 
parameters in EWC PFC and should be selected 
carefully. Fig 4 CB PFC and EDC PFC, which are 
simulated by PSIM software. In the simulation 
process the values of boost inductors in the CB PFC 
and EWC PFC are the same. but we can observed that 
the current ripple in the simulation area is larger than 
the CB PFC because of lower switching frequency 
and increase of harmonic contents resultant  current 
ripple has larger amplitude an input filter which is 
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larger than that of convene PFC is required to filter. It 
should be noted that power factor will be lower if the 
switching frequency harmonic is not well filtered. But 
unity power factor is not essential is some cases. 
Hence, an input filter which is the same as that of 
conventional PFC is used in the EWC PFC, which 
results in a slightly lower power factor. 

   The switching frequency harmonic content will 
be changed with the change of window size, means 
that current ripple is changed in every switching 
cycle, the current waveform of EWCPFC is 
calculated with fast calculation tool and, then 
analyzed with FFT method. Fig 5 shows the 
calculated switching frequency harmonic content 
with different window size k and corresponding 
circuit specifications are shown in Table I. It is seen 
that 20-Khz harmonic content is increased with the 
growing of window size k, which will result in a 
slightly lower power factor if it is not well filtered. 

 
Fig .5. Switching frequency harmonic content with different 

window size k 
TABLE-I: 

Input Voltage Vin 180 Vrms – 
265Vrms 

Rated Voltage 230 Vrms 
Output Voltage 400 Vdc 
Output Power Po 500W 
 Line frequency 50Hz 
Hold-Up Time 10ms 

Harmonics content will be increased with 
discontinuous conduction mode (DCM) operation 
.Therefore, DCM operation should be avoided under 
rated output power when window size k is selected. 
The margin between CCM operation and DCM 
operation can also be derived with fast calculation 
method. The duty cycle in the nth switching cycle in 
the DCM and CCM can be described. 
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Where  is the efficiency of PFC converter, and 

(nTs) is the input voltage in the nth switching cycle, 
which can presented as 
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The actual duty cycle D(nTs) in the nth switching 
cycle is decided by the minimum of the two 
calculated duty cycles. The margin between CCM 
operation and DCM operation can be described, 
according to (9) and (10), by 
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Fig .6. Simulated power factor under different 

window size and output power (a) Power factor under 
different window size k (VIN=230 Vac, PO=500W, 
Tline=20ms). (b) Power factor under different output 
power (VIN=230Vac, k=0.5, Tline = 20ms). 
 

The size of the window should be less than or 
equal to 0.5 under the working condition. The 
requirement for power factor and limitation for 
harmonic content should also be satisfied, and a trade 
off between the efficiency and the power factor in the 
selection of window size k. A simulation model is 
designed in PSIM software to get power factor at 
different window size K. Power factor will reduce 
with the increase of window size k. In this analysis 
k=0.5 is considered. DCM operation and simulation 
results, which makes a good trade off between 
efficiency and power factor and the harmonic content 
limitation of IEC 61000-3-2 is satisfied at the same 
time. 
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Fig .7. Relationship between inductance and switching 

frequency in CB PFC. 
 
III. DESIGN CONSIDERATIONS OF EWC 

PFC 
 

A) Inductor design of EWC 
 
The inductor plays a critical role in the boost PFC. 

It should be well designed with consideration of 
power density, efficiency, and power factor. In the 
CB PFC, the inductor is usually selected to ensure 
20% current ripple under the lowest input voltage 
[24]. The required inductance is calculated as 
follows: 
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Where min_inV   is the minimum input rms voltage, 

peakinI _ is the peak input current, η is the efficiency 
of PFC (typically 0.95), and PO is the output power. 
As shown in (7), the inductance is inversely 
proportional to the switching frequency. The inductor 
1.12-mH inductor is used should be used in 100-kHz 
CB PFC, while a 5.6-mH inductor should be selected 
in 20-kHz CB PFC. However, due to two different 
switching frequencies in the EWC method, 20 and 
100 kHz, there is a trade-off between the volume and 
the loss in the design of inductor. Fig.8 shows the 
comparison of power loss of different value inductors 
in CB PFC. 

 
Fig .8. Induction comparison in CB PFC 

 
Fig .9. Loss comparison in CB PFC and EWC PFC 

 
The core loss can be reduced by using a bigger 

inductor in CB PFC. However, the wire loss and core 
volume will increase concurrently. A 1.12-mH 
inductor makes a good trade-off between the loss and 
the volume. 
 

If a 1.12-mH inductor is used in both CB PFC and 
EWC PFC, the core loss of the two outer side areas in 
EWC PFC is the same as that in CB PFC.  Fig 9. 
Shows the inductor loss comparison in CB PFC and 
EWC PFC. In the window area of EWC PFC, the 
switching frequency will be only one-fifth that of CB 
PFC, but the change of flux density will be five times 
that of CB PFC. Then, the core loss in the window 
area can be calculated as 
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Fig 10. Shows the requirement of the window control 

signal .the signal should be always in phase with the 

input voltage and current.

 

 
 

Fig .10. Window control signal of EWC PFC 
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The total core loss in EWC PFC is only a little 
larger than that in CB PFC, since the core loss is only 
a small part of the total loss. Considering the volume 
and the efficiency, a 1.12-mH inductor can be used in 
EWC method, which is the same as the inductor used 
in 100-kHz CB PFC. Therefore, with the used EWC 
method, the efficiency, can be improved without 
increasing the inductor size.  
 

B. Implementation of EWC 
 

    Since the EWC involves two switching 
frequencies, a special control circuit is needed to 
control the change of the frequency. For most 
commercial PFCICs, the switching frequency is 
determined by oscillation resistor SETR  or oscillation 

capacitor TC  or both of them. For example, the 
relationship between the switching frequency and 
these components in UC3854BDW can be shown as 

           )9.........(25.1

SETT
s RC

f   

 
             However, in UC3854BDW, the oscillation 

resistor SETR is not only related to the oscillator 
charging current but also the output limitation of 
multiplier. Therefore, oscillation capacitor TC  is 
used to switch the frequency in the prototype. If 

SETR  is constant, the switching frequency varies 

with the change of TC . A window control signal is 

used to switch the capacitance of TC .  
 
      This signal should always be in phase with the 

input voltage and current. Furthermore, it should 

always be located between  k
4

 and  k
4

3  

which is not affected by the amplitude of the input 
voltage, where k is an integer.  

 
The implementation of EWC PFC is shown in 

fig.11.The rectified line voltage Vd is sensed and 
compared with the dc value which is obtained by 
filtering Vd , and the resulting window control signal 
is independent of the amplitude of the input voltage. 
The duration of the high level of window control 
signal can be adjusted by the potential ratio of RW. 

 
This signal is used to turn ON or OFF switch 2S . 

When switch 2S  is ON, capacitor 2TC is are called 
with capacitor CT 1 , and switching frequency fs is 
reduced to 20 kHz; when switch 2S is OFF, 
switching frequency fs is increased to 100 kHz. 

 

 
 

Fig .11. Enabling window control 
 

C. Control Loop Design 
 
In the prototype, UC3854 with average current 

control is used. The whole PFC circuit can be 
modelled as a double-loop control system, which 
contains an inner current loop and an outer voltage 
loop. The voltage loop is used to regulate the output 
voltage crudely, and the inner current loop is used to 
shape the input current. The compensation parameters 
of both loops should be carefully designed to achieve 
a stable control loop and high power factor. 

 
Fig. 12 shows the control block diagram of inner 

current loop, where )(sGCA is the transfer function 

of the current error amplifier, )(sGPWM is the

)(sGCA  transfer function of the PWM generator, 

)(sGid is the transfer function of the power stage, 
and RS is the current sense resistor. 

 
 In CB PFC, for the design of the control loop, 45◦ 

phase margin and 10-dB gain margin is selected to 
make a trade-off between the static performance and 
the dynamic response. 

In order to ensure enough attenuation for the 
switching ripple, the crossover frequency is usually 
under one-fifth of the switching frequency.  However, 
in EWCPFC, two switching frequency, 100 and 20 
kHz exist in one half-line cycle. The inner current 
loop should be designed according to 20-kHz 
switching frequency. Then, the crossover frequency 
should be around 4 kHz, which is one-fifth of 20 kHz. 

 

 
Fig .12. Inner current loop boost PFC with average current 

control 
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IV. COMPARISON OF EWC PFC AND CB 
PFC 

 
A.Loss Comparison of EWC PFC and CB PFC 
  
Then, the loss analysis of EWCPFC and CBPFC is 

performed and compared under rated input voltage 
(Vin = 230 Vrms ) and full load (PO = 500 W), and 
the detailed circuit specifications are shown in Table 
I.  

 
Fig .13.Loss comparison of EWC PFC and CB PFC 

 
            The Cool-MOS and SiC diode is an ideal 

matched pair of switch and ultrafast diode, and 
ultralow-loss in PFC circuits can be achieved [28]. A 
CoolMOS IPP60R099CP ( )(ONdsR  = 99 mΩ, 

VVDSS 600 , AI D 3125  ) from Infineon is 
used as the main switch, and an SiC diode 
STPSC806D ( VVF 6.1 , QC = 10 nC) from ST is 
used as the freewheeling diode. To reduce the volume 
and height of the boost inductor, two 0.56-mH 
inductors are connected in series and each of the 
inductor is built with a Kool-mµ core (77548, µ = 
125) from Magnetics and 90 turns of Litz wire. To 
meet the requirements of hold-up time and ripple of 
output voltage, a high-voltage aluminium electrolytic 
capacitor (390 µF, 400 dcV ) is used as the bulk 
capacitor. 

 
The MOSFET loss in EWC PFC is smaller than 

that of the CB PFC because of less switching cycles. 
On the other hand, the inductor loss in EWC PFC is a 
little higher than that of the CB PFC due to the larger 
current ripple in the window area. The loss reduction 
of diode is not very significant in the EWCPFC, 
because SiC diode is used in the loss analysis and the 
reverse recovery loss is significantly suppressed. The 
efficiency is improved up to 0.2% with the EWC 
method under rated work condition. The efficiency 
improvement is not very significant since Cool 
MOSFET and SiC diode are used. However, it will be 
shown in the experimental results that more obvious 
efficiency 

Improvement can be observed if a fast recovery 
silicon diode is used. 

The driving loss is proportional to the switching 
frequency, so the driving loss will be reduced with 

the decrease of switching frequency in the window 
area. Although an extra small signal switch is added, 
it is switched with line frequency and has less loss. 
Therefore, the loss of control circuit with EWC 
method can be reduced. 

 
B. EMI Noise Comparison of CB PFC and EWC 

PFC 
       The switching mode power supplies generate 
electrical noise due to their high dV/dt and di/dt from 
switching [29]. Many international standards specify 
conducted and radiated emissions limits for switching 
mode power supplies [30]. To have the same EMI test 
results at different places, a linear impedance 
stabilization network (LISN) is used in the EMI test. 
The LISN offers 50-Ω impedance over the frequency 
of interest and shields the measurement against 
unwanted incoming noises. 

 
           In order to make a comparison of EMI noise 

of CB PFC and EWC PFC, a simulation model is 
built to predict the conducted EMI noise, including 
LISN and the PFC circuit. As the parameters of LISN 
are precisely defined by the standards, the simulation 
model of LISN can be derived from these parameters 

[31], [32]. 
 
            When the simulation results of EWC PFC 

and CB PFC, the EMI noise of EWC PFC is lower 
than that of CB PFC in all frequency range. EMI 
noise is reduced for two reasons. First, there are two 
switching frequencies in the EWC PFC, and the 
energy of EMI noise are divided into two parts, so the 
peak value of EMI noise is reduced. Second, the 
interested frequency range of standards is from 150 
kHz to 30 MHz To reduce the EMI noise, it is better 
to use a switching frequency lower than 150 kHz. 
Since 20-kHz switching frequency is used in the 
window area of EWC PFC, it is much lower than 150 
kHz and good for the reduction of EMI noise. 
 
V. EXPERIMENTAL RESULTS 
 

Fig 14 gives the input current waveform with EWC 
control under rated work condition. The current ripple 
is increased due to the low switching frequency in the 
window area. 

 
Fig .14.  Input current waveform under rated input voltage (V 

in= 230 V rms) and full load (PO=500W). 



International Journal of Electrical, Electronics and Data Communication, ISSN: 2320-2084  Volume- 1, Issue- 7, Sep-2013 

 Power Factor Correction And Efficiency Improvement Of A Single Phase Ac/Dc Converter With Enabling Window Control 
 

64 

 
Fig .15. Efficiency comparison  of different strategies under 

rated input voltage (Vin=230Vac) 
 

 
Fig . 15. Power factor comparison of EWC PFC and CB PFC 

under rated input voltage. 
 

 
Fig .16. Measured harmonic content of the line current 

together with the limits of IEC61000-3-2 Class A standard. 
 

 
Fig .17.  Output results for the work. 

CONCLUSION 
 
The EWC method is used in this paper to improve the 
efficiency of PFC, especially in the low input voltage 
or the light-load case and also electromagnetic 
interference (EMI). The EWC method is easy to 
implement with existing PFC ICs, and only a few 
additional components are needed. Efficiency 
improvement is possible without increasing the 
inductor size. Cool MOSFETs and SiC diode devices 
are used in this paper to get the desired efficiency and 
to reduce the switching losses and also to reduce the 
regulation of harmonic content at same time. 
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