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Abstract. There are many possible topologies for 
implementing power factor correction converters. Due to its 
advantages, the average current control method is one of the 
most widely used. The critical conduction mode control method 
is also very used and is employed here for comparison purposes. 
The main issues to be analyzed in the paper are the input current 
wave shape and the output voltage regulation. Simulation and 
experimental results are presented and discussed. 
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1.  Introduction 

The proliferation of low power electronic equipment is 
here to stay. Usually, this equipment is supplied by the 
mains grid through a low power rectifier. Conventional, 
but still very used, power supplies based on uncontrolled 
AC/DC converters draw a non-sinusoidal current from the 
mains. They are very cheap and robust and belong to a 
special classification class in harmonic limiting standards, 
[1]. However, there are many important disadvantages in 
this topology: harmonic currents generate harmonic 
voltages that can interfere with electrical equipment; 
harmonic currents avoid the extraction of maximum 
power from the utility line. In addition, a large number of 
low power units connected to the same power line 
originate an important power demand with a strong non-
linear behavior. Unity power factor converters eliminate 
these shortcomings. The use of boost converter based 
power factor correction systems are increasing with the 
adoption of more severe standards covering (and 
reducing) the permitted level of harmonics injected into 
the utility. 

There are many possible topologies for implementing 
unity power factor converters: single-stage single-switch 
controlled (boost, buck, buck-boost), flyback, Cuk, Sepic, 
and others, [2]. Being more simple and more widely used, 
the paper focus its attention in the boost controlled one 
[3]. Inside this topology the main control methods are: 
average current control, [3]-[4]; current-programmed 
control, [5]; hysteretic control, [6], critical conduction 
mode, [7], and predictive current control, [8]. The main 
difference between them is the way the input current is 
controlled. All these control methods can be implemented 
by commercially available ICs. In spite of this, there is a 
growing attention to the implementation of advanced 
digital controllers capable of outperform the analog based 
ICs, [9]-[11]. No matter the particular control method, the 
PFC system is always controlled under the diagram shown 
in Fig. 1. In order to obtain an acceptable output voltage 
dynamics with a continuous and sinusoidal input current a 
nested loop control structure with very different dynamics 
is needed. 

 
Fig. 1. Main control diagram of the boost PFC. 
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2.  Controlling the PFC Converter 

The PFC controller should be designed in order to satisfy 
the following main electrical objectives: sine wave input 
current, without zero crossing distortion and high 
frequency harmonics, and unity power factor; fast output 
voltage dynamic response without an extremely high DC 
capacitor; variable input voltage compensation. All the 
referred controllers can satisfy these requirements, based 
on analog IC controllers or on its digital competitors. The 
main questions to discuss are the output voltage dynamics, 
the current controller performance, and the low frequency 
input current wave shape. 

A.  Output Voltage Dynamics 

The PFC system is a non-reversible power circuit so its 
behavior is different when subjected to different 
conditions namely in a high negative step load change. In 
this case, the energy stored in the inductance is transferred 
to the output capacitor originating an over voltage. 
 
The DC output voltage has an associate ripple imposed by 
the input pulsating power, and can not be eliminated 
without distorting the input current. So, this ripple must be 
filtered before entering the output voltage controller. The 
direct filtering can limit the voltage controller dynamics. 
In order to avoid this limitation two main approaches are 
possible: to introduce a notch filter tuned at twice the line 
frequency, [12]; to estimate the ripple voltage and subtract 
it from the measured DC voltage. A typical transfer 
function of the notch filter is:  
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It is necessary to have a high Q and the filter tuned 
exactly. If these conditions are not met, the filter 
performance deteriorates very quickly. As the ripple 
voltage is only approximated by the second harmonic 
term, other components enter the voltage controller which 
when multiplied by the input voltage will be propagated to 
the reference current, so increasing its distortion, as 
referred in the next section. Also, in fast dynamic changes 
the notch filter has a time response not particularly suited 
for this application. 
 
Assuming a sine wave input current with unity power 
factor, the instantaneous input power is given by: 

 ( ) 2 sin( ) 2 sin( ) cos(2 )in s s s s s sp t V t I t V I V I t= ω ω = − ω  (2) 

The input power is the sum of the active power plus the 
pulsating power at twice the line frequency. Considering a 
lossless converter and a high switching frequency the 
instantaneous input power is approximately the same at 
the output stage. So, the instantaneous output power is the 
sum of the active load power plus the pulsating capacitor 
power. Neglecting the power associated with the ripple 
voltage and the ripple current it is obtained: 
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Solving for the ripple voltage: 
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The estimated ripple voltage is subtracted from the 
measured DC voltage in order to allow a higher bandwidth 
in the voltage controller. To implement this compensation 
term it is needed three elements: a sine wave of twice the 
fundamental frequency, which is usually implemented 
with a PLL, the output capacitor value, and the load 
current. 
 
The estimation method based on (6) depends on the output 
capacitor value. When the PFC output terminals are 
connected to an unknown input stage, care must be taken 
in order to prevent the presence of an input capacitor of 
unknown value. In this case, the method can lead to an 
over estimation of the ripple voltage introducing a 
frequency component in the reference current that 
generates a distorted input current. 

B.  Current Controller 

The presence and the importance of the current controller 
depend on each control principle. From the four ones 
considered here only the average current control method 
has it. The current-programmed control method has ramp 
compensation and a comparator; the hysteretic method 
doesn’t have one; the critical conduction control method 
has a zero current detection. The typical transfer function 
of the current controller has a pole, which is placed below 
half the switching frequency, in order to filter out the 
inductor current ripple and a zero, to impose the desired 
bandwidth and phase margin of the current loop: 
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The dynamics of the current controller is a very important 
issue, in order to guarantee a good tracking with the input 
voltage. It is the only way to obtain a sinusoidal wave 
shape with unity power factor. 

C.  Input Current Behavior 

o
o  (3) 

The pre-regulator circuits with unity power factor are 
primarily designed to present an input current almost 
sinusoidal. So, the most important parameter than should 
characterize each control philosophy is the low frequency 
harmonic content. This low frequency distortion has 
different causes: the reference current given by the voltage 
controller, the discontinuous inductor current near the zero 
crossings of the input voltage, the DC capacitor in the 
output of the diode bridge, or in the input EMI filter, [13]. 
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The current zero-crossing distortion occurs in all methods 
with different importance. It can be only partially 
compensated [14]. In any configuration, the harmonic 
content is dependent on the load level, deteriorating at 
light loads, because of the longer intervals of 
discontinuous conduction. 
 

3.  PFC Controller Performance 

To discuss the PFC performance under different operating 
conditions the following presented results were obtained 
in a system controlled by the Average Current Control 
method (ACC) and by the Critical Conduction Mode 
control method (CCM). Due to its advantages, the average 
current control method is one of the most widely used 
[15]. The critical conduction mode control method is also 
very used and is presented here for comparison purposes. 
The main issues to be analyzed are the input current wave 
shape and the output voltage regulation. 

A.  At Full Load 

Full load is the main and more important operating point. 
In this condition the PFC converter is characterized in 
terms of input power factor, total harmonic distortion and 
efficiency. For demonstration purposes it was simulated a 
PFC converter with the following parameters: Vin=230 
VRMS, 50 Hz; Vo=400 VDC; Po=400 W; Fc=100 kHz; 
L=1000 μH; C=330 μF. The current controller was 
designed to have the following parameters: ωz= 10 k.rad/s; 
ωp= 20 k.rad/s; K=20.000. It was used an input filter 
capacitor of 0.47 μF in the ACC method and a 2 μF 
capacitor in the CCM control method. In the critical 
conduction mode there is no current controller but the 
frequency has a maximum value of 100 kHz. In Fig.s 2 
and 3, it is shown the converter’s operation at nominal 
power: input converter current and the output voltage 
ripple; in Fig.s 4 and 5, the low frequency spectrum of the 
input current for both control methods. 
 
As can be concluded from the two figures, the ACC 
method leads to an input current with less high frequency 
distortion due to the half instantaneous inductance current. 
 

 
Fig. 2. ACC: output voltage (20 V/div), and converter input 
current before (1 A/div), and after (2 A/div) the input filter at 
nominal load (400 W). 

 
Fig. 3. CCM: output voltage (20 V/div), and converter input 
current before (1 A/div), and after (4 A/div) the input filter at 
nominal load (400 W). 

 
Fig. 4. ACC: low frequency spectrum of the input current at 
nominal load power (vertical scale in dB). 

 
Fig. 5. CCM: low frequency spectrum of the input current at 
nominal load power (vertical scale in dB). 

B.  At Light Load 

As referred, the input current wave shape presents some 
degradation at light loads. This condition is not so 
important from the point of view of the grid interface. 
Classified as Class A or as Class D equipment, the input 
harmonic content is limited in absolute values, so at low 
power levels even a more distorted current easily satisfies 
the IEC 61000-3-2 standard. In Fig.s 6 and 7, it is shown 
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the same waveforms for the two control methods. The 
input current spectrum when operating at light load (80 
W) is shown in Fig.s 8 and 9. 
 

 
Fig. 6. ACC: output voltage (20 V/div), and converter input 
current before (0.5 A/div), and after (1 A/div) the input filter at 
20% nominal load. 

 

 
Fig. 7. CCM: output voltage (20 V/div), and converter input 
current before (0.5 A/div), and after (2 A/div) the input filter at 
20% nominal load. 

 

 
Fig. 8. ACC: low frequency spectrum of the input current at 20% 
nominal load (vertical scale in dB). 

 
Fig. 9. CCM: low frequency spectrum of the input current at 
20% nominal load (vertical scale in dB). 

 
As in the current waveform as in the low frequency 
spectrum there is a small degradation, especially in the 
CCM control method. Also, it is easy to conclude that the 
input power factor is less than one in this control mode. 
The presence of the input filter originates the small 
oscillations present in the input current, [16]. It should be 
mentioned that the other control methods all show equal 
or worse behavior than the ACC method or the CCM 
control method. 

C.  Output Voltage Regulation 

As a pre-regulator circuit in the first stage of a power 
supply or as a stand alone regulated power supply, the 
boost PFC converter has a regulated output voltage. 
Usually, the voltage controller is of PI-type to assure 
voltage regulation and dynamics. As the PFC circuit is of 
non-reversible type there must be a compromise in the 
voltage controller design in order to give the voltage loop 
an over damped response. In this way the circuit maintains 
its “linear” behavior during the majority of the changing 
operating conditions. 
 
In the two control methods presented here, the voltage 
controller exhibits the following parameters: Kp=0.1; 
Ti=0.1 s. The increased regulation dynamics was obtained 
through the use of a notch filter with ω=2π100 rad/s and 
Q=10. 
 
Fig.s 10 and 11 present the dynamic output voltage 
regulation and input current variation during a load 
changing from 20% to 100% for the ACC method and the 
CCM control method, respectively. Also, they show the 
inductance and load currents during the same transient 
operation. The same waveforms can be seen in Fig.s 12 
and 13 for a load changing from 100% to 20%. 
 
As the CCM control method implies an instantaneous 
inductance current of twice the ACC method this leads to 
a higher gain in the voltage controller, so conditioning the 
output voltage dynamics. In both conditions, at full load 
and light load, the ACC method has superior performance: 
the output voltage regulation is faster and the input current 
reaches earlier the sinusoidal waveform. 
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Fig. 10. ACC: output voltage (20 V/div), inductance current (2 
A/div), input current (2 A/div) and load current (1 A/div), during 
a step load change from 20% to 100%. 

 
Fig. 11. CCM: output voltage (20 V/div), inductance current (2 
A/div), input current (2 A/div) and load current (1 A/div), during 
a step load change from 20% to 100%. 

 
Fig. 12. ACC: output voltage (20 V/div), inductance current (2 
A/div), input current (2 A/div) and load current (1 A/div), during 
a step load change from 100% to 20%. 

4.  Experimental Results 

A prototype was built and used for testing the two control 
modes. The operating condition shown in Fig.s 14 and 15, 
for average current control and for critical conduction 
control, respectively, corresponds to the nominal power 

and the same parameters used in the simulations. For 
demonstration purposes, a relatively large ripple in the DC 
current was imposed in the average current mode. In the 
critical conduction mode it can be noticed a larger 
influence of the inductor current ripple in the DC (and 
AC) voltage. The same behavior was already 
demonstrated in the simulations section, in Fig.s 2 and 3 
respectively. 

 
Fig. 13. CCM: output voltage (20 V/div), inductance current (4 
A/div), input current (2 A/div) and load current (1 A/div), during 
a step load change from 100% to 20%. 

 
Fig. 14. PFC operation under average current mode: diode bridge 
output voltage (120 V/div) and inductance current (1 A/div). 

 
Fig. 15. PFC operation under critical conduction mode: diode 
bridge output voltage (120 V/div) and inductance current (2 
A/div). 
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Fig. 16. Steady-state PFC operation under average current mode: 
input voltage (Ch1: 100 V/div) and output voltage (Ch2: 100 
V/div). 

 
Fig. 17. Low-frequency harmonic components of the input 
current under average current mode. 

As referred, the output voltage ripple does not depend of 
the current control method but on the capacitor value; its 
main variation is at twice the input frequency. Fig. 16 
shows the AC input voltage and DC output voltage for the 
conditions in Fig. 14. In the same perspective, the 
influence of the DC voltage ripple is the occurrence of a 
third harmonic component in the AC input current. The 
AC current also contains odd multiples of the fundamental 
component due to some distortion around the zero 
crossings. This distortion can be observed in Fig. 17, for 
the average conduction mode, which shows the low-
frequency components of the input current. 

5.  Conclusions 

The average current control method and the critical 
conduction mode control method for boost PFC converters 
were described, analyzed and compared. The fundamental 
issues regarding output voltage regulation and input 
current dynamics were discussed. Also, the low frequency 
spectrum of the input current, particularly at light loads, 
has been stated. The comparative results between the two 
methods show the superior performance of the average 
current control method. However, other parameters should 
be included in a global appreciation of the two methods 

like the semiconductor stress (transistor and diode), losses, 
measurement needs, EMI performance. 
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