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Abstract—This paper presents the comparison of various current control techniques employed for a bridgeless interleaved 
boost converter for improving the power quality. The major control strategies discussed in this paper are: peak current, average 
current mode and borderline current control. These strategies are implemented in MATLAB/SIMULINK and the performance 
of the proposed converter is compared under open loop and closed loop operation. From the results, the input current waveform 
was close to sinusoidal implying high power factor and reduced harmonics for borderline control. 
Keywords- Bridgeless IBC, THD,  Power Factor & , Current Control Techniques 

I.  INTRODUCTION 

For automotive and battery charging applications, a 
regulated DC supply is required and since AC supplies are 
more commonly available, a suitable AC-DC converter 
becomes mandatory for such applications. These AC-DC 
converters involve a number of non-linear devices which 
reduce the system power factor and introduce harmonics in 
the power system leading to adverse effects. Hence it is 
essential to use a suitable power factor correction technique 
to condition the supply current. This paper presents the 
design and implementation of one such Active Power 
Factor corrected AC-DC Converter topology, which results 
in an improved supply power factor and reduced line 
current harmonics. A novel converter topology, namely the 
Bridgeless Interleaved Boost Topology for active power 
factor correction, along with a closed loop current control 
technique to condition the supply current has been proposed 
in this paper. Various current control techniques have been 
investigated for the proposed topology and the supply side 
parameters are computed to show the effectiveness of the 
current shaping methods. Simulation studies are carried out 
in MATLAB/SIMULINK and the results are presented. 
 

II. BRIDGELESS INTERLEAVED BOOST 

CONVERTER 

The Bridgeless Interleaved Boost Converter (IBC) topology 
for active power factor correction consists of a number of 
boost converters operating in parallel. The input diode 
bridge rectifier stage is eliminated while still maintaining 
the classic IBC structure. This topology affords a number of 
advantages in comparison to the conventional topologies [1-
3]. It addresses the heat management problem caused by the 
input diode rectifier stage of IBC. In effect, the bridgeless 

IBC topology combines the benefits of both the bridgeless 
topology and the interleaved structure. In the Bridgeless 
Interleaved Boost Converter topology, the rectifier stage is 
integrated with the high frequency converter. Due to the 
elimination of the bridge rectifier stage, the circuit becomes 
less bulky. Interleaving leads to an increase in the frequency 
of input current ripples and hence a reduction in the weight 
and volume of EMI filters required. The conduction losses 
are greatly reduced due to the presence of fewer number of 
semiconductor devices in each conduction path. In 
comparison to a two-phase IBC, a two-phase bridgeless IBC 
topology uses two extra MOSFETs and fast diodes, instead 
of the four slow diodes in the bridge rectifier stage. This 
converter topology thus affords the maximum efficiency 
due to the combined merits of interleaving and the 
bridgeless structure. 
 

 
 
         Fig.1 Bridgeless Interleaved Boost DC-DC Converter 
 
A. Circuit   operation 
For analysis of the topology, the circuit is separated into 
two half cycles. Q1 and Q2 are turned on at the same instant 
and Q3 and Q4 are turned on at the same instant which is 
180˚ out of phase with respect to the instants of Q1 and Q2. 
During the positive half cycle, Q1 and Q2 are turned ON and 

Corresponding Author: R. Seyezhai 



ISROSET- IJSRCSE                                                                                 Vol-1, Issue-4, PP (44-49) July-August 2013 

  © 2013, IJSRCSE All Rights Reserved                                                                                                                               45       
 

the current flows through L1, Q1, Q2 and L2 thereby storing 
energy in L1 and L2. When Q1 and Q2 are turned off, the 
energy stored in L1 and L2 are released as current through 
D1, load, body diode of Q2 and is fed back to the mains. 
Similarly, with a shift of 180˚, Q3 and Q4 are turned ON and 
energy is stored in L3 and L4 via Q3 and Q4. During the 
negative half cycle, Q4 and Q2 are turned ON, energy gets 
stored in L2 and L1 for the first phase and L4 and L3 for the 
next phase and gets released as current which flows through 
D2 (D4), load, body diode of Q1 (Q3) and back to mains. A 
new loss has been introduced in the intrinsic body diodes of 
the FETs, but since input bridge rectifiers are eliminated, 
there is some efficiency gain in overall performance of the 
topology [4-6].  
 
Overall, the MOSFETs are under more stress in bridgeless 
IBC topology, but the total loss for the proposed bridgeless 
interleaved boost are 40% lower than the  conventional 
boost, 27% lower than the bridgeless boost and 32% lower 
than the interleaved boost . Since the bridge rectifier losses 
are so large, it is expected that bridgeless interleaved boost 
converter would have the least power losses in comparison 
to the conventional topologies, discussed in the literature. It 
is to be noted that the losses in the input bridge rectifiers 
constitute 63% of total losses in conventional PFC 
converter and 71% of total losses in interleaved PFC 
converter. Therefore eliminating the input bridges in PFC 
converters is justified despite the fact that new losses are 
introduced. The bridgeless IBC topology is chosen for final 
implementation purposes due to its various merits, as 
discussed above.  

 
III. CURRENT CONTROL TECHNIQUES FOR 

SHAPING THE SUPPLY CURRENT 

The power factor obtained with the AC-DC converter 
topologies can further be improved using wave shaping 
techniques to condition the supply current. The power factor 
is found to be the highest in case of the bridgeless IBC 
topology in the open loop configuration. To further improve 
power factor and make it closer to unity, feed forward and 
feedback loops are introduced in the circuit to detect and 
shape the supply current and to reduce its harmonic 
distortion. The current control strategies are classified into 
two modes, namely the Discontinuous Inductor Current 
Mode (DICM) where the inductor current reaches zero 
during a cycle and Continuous Inductor Current Mode 
(CICM) where the inductor current never reaches zero 
during a cycle and there is always energy stored in the 
inductor. Some of the Continuous Inductor Current Mode 
control strategies are: Peak Current Control, Average 
Current Control and Borderline Current Control [7-8]. 
 
 A. Peak Current Control  
In this mode of control (refer Fig.2), an R-S flip flop is used 
to toggle the power switches. The flip flop is set for every 

falling edge of the clock input. The switches are switched 
ON at a constant frequency. The current through the 
inductor increases practically linearly. When it reaches a 
reference value Iref, the switch is turned OFF. Peak detector 
circuits are used to detect the peak current and the flip flop 
is reset which turns the power switches OFF. Peak current 
control is inherently unstable when the duty ratio of the 
converter exceeds 50% due to the presence of sub-harmonic 
oscillations [9]. So, a compensating ramp is used along with 
the peak detector circuit when the duty ratio exceeds 50%. 
As seen in the figure Iref is generated by multiplying the 
output voltage error amplifier and the input sinusoidal 
reference current. When the inductor current reaches Iref, the 
flip flop is reset and power switch is turned off. The 
compensating ramp is avoided in this work since the duty 
ratio is equal to 50%. 

 
Fig. 2 Block Diagram of Peak Current Control Mode 

 
The following are the advantages and disadvantages of peak    
current mode control:  
 
    Advantages  
� The switches are triggered at a constant frequency.  
� It is enough that only the switch current is sensed and 

it is accomplished by a current transformer thereby 
eliminating the losses due to sensing resistor.  

� Switch current limiting is accomplished thereby 
protecting the power switches  

 
    Disadvantages  
� Sub-harmonic oscillations are introduced in the cases 

where duty cycle is greater than 50%. An extra 
compensating ramp is required.  

� Any noise spike in the input current can turn the 
switch OFF immediately. The control is highly 
sensitive to communication noises.  
 

The MATLAB implementation of this control mode and 
the resulting supply voltage and current waveforms are 
shown in Figs. 3 & 4 
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Fig.3 MATLAB circuit of Peak Current Control Mode 
with Bridgeless Interleaved Boost Converter Topology 

 

 
Fig.4 Supply Voltage and Supply Current Waveforms 

 
B.Average Current Control 
The technique of average current mode control overcomes 
the low current loop gain problem of the peak control mode 
by introducing a high gain integrating current error 
amplifier in the current loop as shown in Fig.5. Average 
current mode control differs from peak current mode 
control in that it attempts to control the average value of the 
current to follow a reference as opposed to controlling the 
switch peak current. The fundamental notion is to introduce 
a closed loop of average inductor current state variable as 
an inner loop in a dual loop control system. In this inner 
loop, the intent is to re-shape the inductor current of peak 
Current Mode, so as to improve it with higher gain at the 
low frequency region and extend its cross over frequency. 
In short, average current mode control is a two loop control 
method, inner loop being the current and the outer loop 
being the voltage loop for power electronic converters. 
 
Here the inductor current is sensed and filtered by a current 
error amplifier whose output drives a PWM modulator. The 
control methods reviewed in the previous sections all suffer 
from high sensitivity to commutation noise. The technique 
of average current-mode control addresses this issue by 
introducing a current compensator in the current feedback 

loop that allows a more sinusoidal input current in the 
converter. The inner current loop compensator in this 
control technique attempts to minimize the error between 
sensed input current and the current reference(the current 
reference is obtained in the same way as in peak current 
control).This ensures a unity power factor and the reduction 
of higher order supply current harmonics. Hence, average 
current mode control is generally considered as the best 
control approach for AC/DC PFC converters especially, 
single-stage PFC converters. Since the input current tracks 
an average reference signal, the PFC converter operates in 
CCM with this control technique. Like peak current control, 
the current reference in average current-mode control is the 
product of input voltage and the outer voltage loop 
compensator. 

 
Fig. 5 Block Diagram of Average Current Control Mode 

 
The following are the advantages and disadvantages of 
average current mode control:  
 
 Advantages  

� Average current mode control has better noise 
immunity compared to peak current control.  

� Fixed switching frequency operation and there is 
no need for slope compensation as the modulator 
ramp/carrier waveform provides the required 
compensation.  

� Better accuracy.  
 

 Disadvantages  
� The scheme does not provide immediate switch 

current limit as in the case of peak current control.  
� Need for a current error amplifier compared to 

peak current control.  
� Dynamic response is slow.  

 
The MATLAB implementation of this control 
mode and the resulting supply voltage and current 
waveforms are shown in Figs.6 & 7. 
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Fig.6 MATLAB Circuit of Average Current Control 
Mode with Bridgeless Interleaved Boost Converter 

Topology 

 
      Fig.7 Supply Voltage and Supply Current Waveforms 

 
B. Borderline Control 
In this mode of control, the switch on-time is kept constant 
during the line cycle and the switch is turned on when the 
inductor current falls to zero, so that the converter operates 
at the boundary between Continuous and Discontinuous 
Inductor Current Mode (CICM,DICM)[10-11]. This allows 
the switch to be turned on when the input inductor current 
reaches zero and to be on until the input inductor reaches 
the upper reference value. The frequency of this type of 
controller varies with line and load. At high line and load, 
the frequency is at maximum but also varies throughout the 
line cycle (high frequency near zero crossing and low 
frequency near the peak). The principle scheme is shown in 
Fig. 8. The instantaneous input current is constituted by a 
sequence of triangles whose peaks are proportional to the 
line voltage. Thus, the average input current becomes 
proportional to the line voltage without duty-cycle 
modulation during the line cycle. Borderline conduction 
mode (or Critical conduction mode) operation is the most 
popular solution for low power applications. It is 
characterized by a variable frequency control scheme in 
which the inductor current ramps to twice the desired 
average value, ramps down to zero, then immediately ramps 

positive again. This control technique is referred to as 
"automatic current shaper". The same control strategy can 
be generated, without using a multiplier, by modulating the 
switch on-time duration according to the output signal of 
the voltage error amplifier[12]. In this case switch current 
sensing can be eliminated. 

 
Fig.8 Borderline control with Boost topology 

 
Advantages  

� Simple Control Scheme. The application requires 
few external components  

� Compensating ramp is not required  
� Current Error Amplifier is not required 

 
Disadvantages  

� Large switching frequency variations  
� Inductor voltage must be sensed in order to detect 

the zeroing of the inductor current  
� For controllers in which the switch current is 

sensed, control is sensitive to commutation noises.  
 

The MATLAB implementation of this control mode and the 
resulting supply voltage and current waveforms are shown 
in Figs.9 & 10. 

 
Fig.9 MATLAB Circuit of Borderline Control Mode 

        with Bridgeless Interleaved Boost Converter Topology 
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Fig.10 Supply Voltage and Supply Current Waveform 

From Fig.10, it is found that the borderline control  has 
improved the spectral quality of the supply current 
compared to the average current technique. The various 
perfromance parameters are calculated which is discussed in 
the next section. 

 
VI. ANALYSIS OF PERFORMANCE PARAMETERS 

FOR BRIDGELESS IBC RECTIFIER 

The performance parameters for the proposed topology are 
discussed as follows:  
 
A. Total Harmonic Distortion (THD)  
The total harmonic distortion or THD is a measurement of 
the harmonic distortion present in a signal and is defined as 
the ratio of the square root of the sum of the squares of all 
harmonic components to the fundamental frequency 
component. Mathematically, it is represented as: 

 

B. Distortion Factor or Purity Factor (Kp)  
The distortion factor describes how the harmonic distortion 
of a load current decreases the average power transferred to 
the load. Mathematically, it is represented as: 

 
C.Displacement factor (Kd):  
 
Displacement factor is defined as the cosine of the angle 
(Ø) between the voltage and current. 

 
D. Power Factor (PF)  
Power factor is defined as the product of the Distortion 
Factor and the Displacement Factor. 

 
The design parameters for the bridgeless IBC are fs = 
25kHz, Vin = 20V, Vo = 40V, duty ratio = 0.5, L1 = 
667uH, C= 760uF, R = 47.06 ohms.The following table 

shows the consolidated comparative results of the 
performance parameters of the various current control 
strategies discussed in this paper. 
 

Table : 1 

 
Comparative results of the performance parameters of the 
Bridgeless Interleaved Boost Converter Topology with the 
various current control strategies incorporated From the 
above table, it can be inferred that the border line control 
technique is the most preferable as it affords the low THD 
for the supply current and improved  power factor. 
 

V. CONCLUSION 

A two-phase bridgeless interleaved boost converter has 
been investigated and it is found that the proposed topology 
has improved the spectral quality of the supply current and 
better  
power factor. The current control techniques for improving 
the power quality for bridgeless interleaved boost converter 
have been analyzed.  A comparative analysis of peak 
current, average current and borderline current control has 
been carried out by implementing these strategies in 
MATLAB-SIMULINK. The simulation results obtained 
show that the borderline current control offers the power 
factor very close to unity and the supply current THD is 
about 13.02% compared to the other techniques.  
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