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ABSTRACT: Design and implementation of boost and Interleave Boost Converter ((IBC) with Proportional and 
Integral (PI) average current control method for Power Factor Correction (PFC) is presented. The Power Factor (PF) is 
increased significantly with reduction in total harmonic distortion (THD), current ripple and voltage ripple by 
integrating the IB converter into the full bridge diode rectifier. The proposed PI average current control method is based 
on sensing of the input current which can easily be accomplished by using unidirectional current transformer. The full 
bridge Boost and IB converter with pulse width modulation based on multiplier circuit is analysed as it enhances the 
voltage gain with reduction in voltage stress of semiconductors in the boost and IBC rectifier circuit. Hence High 
efficiency is achieved with low voltage rated MOSFETs and diodes. Control characteristics and performance of the IB 
converter is analysed using state space model and verified by a measurement result from a 1500W model. Operation of 
the converter with variable switching frequency (25 KHz -100 KHz) and variable load (50 Ω -200Ω) is reported. 
 
KEYWORDS: AC-DC Power Conversion, CCM Interleave boost converter, interleave boost converter ((IBC), power 
factor Correction (PFC), total harmonic distortion (THD), PWM 
 

I.INTRODUCTION 
 

Unity Power factor is widely required in various application to decrease the power loss as non- linear nature of loads 
and frequency of the switches creates disturbance in supply voltage. Poor power factor also produces a large spectrum 
of harmonic signals that may interfere with other equipments so results in poor output voltage regulation and increased 
current [1]. The issue of power factor is related with number of factors, like locations, loading level, under voltage etc. 
Unity power factor is important in circuits since power consumption depends on it as if power loss is more then extra 
current needs to be carried for the same amount of work [2]. So high power rated devices with extra size and cost is 
required.  Therefore, achieving high (close to one) power factor in power conversion is important especially for the 
power system with high switching frequency and nonlinear loads.  
To mitigate the power factor problem the device like an active power filters, active line conditioners are used because 
of their dynamic and flexible nature. The boost PFC circuit operating in continuous conduction mode (CCM) is 
generally chosen for medium and high power applications. The inductor at the input stage of a boost converter has a 
filtering effect on the line current. The power semiconductor switch of the boost converter is controlled with pulse 
width modulation  in a manner such that the input current is in phase with the rectifier source voltage to achieve unity 
power factor operation [3]. Variation in current ripple with different types of pulse width modulation is presented in[4].  
From the view of power factor improvement, an interleave boost converter (IBC)  would be a promising approach. In 
interleave boost two converter circuits are connected in parallel and the switches in the respective sub circuits operates 
with a phase difference of 180 degree. Phase difference causes the reduction of the ripple currents in input and output 
of the converter [5]. Output current is split into two parts to reduce I2R loss and Inductor loss with higher 
efficiency.The Interleave boost converter can operate in either continuous conduction mode (CCM) or discontinuous 
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conduction mode (DCM) or both. The work here presented focuses in CCM operation in order to avoid high stresses in 
components and an additional filter stage. 

The major contribution of this paper is to design and implementation of IBC with proportional and integral (PI) average 
current control method for power factor correction (PFC).This paper is organized as follows. In section II, Operational 
principal of IB is presented. In section III control design of the IB with PI average current control is proposed. 
Experimental results are provided in section IV. Finally, conclusion is given in section V. 

II.        OPERATIONAL PRINCIPALE OF IBC  
 

The operational circuit of Boost converter is shown in Fig.1 (a) Vin is source voltage, VL is the voltage across the 
inductor. Current iL, iC and io are flowing through the inductor, capacitor and resister respectively. D is a constant and 
Ts is time period. During the period DTs of a switching period S1 is ON and the inductor current iL flows from the 
input source to energize the inductor as shown in Fig.1(b) . During the period (1-D) Ts of a switching period S1 is OFF 
and the inductor current iL cannot change instantly as shown in Fig 1(c).The inductor current iL starts to decrease. This 
negative di/dt of the inductor current develops sufficient voltage (Ldi/dt) with a polarity such as to drive the inductor 
current through diode to charge the output capacitor [6].  

 
      (a)                                                                  (b)                                                           (c) 

Fig. 1. Circuit configuration of a boost converter: a)With operational switch b) ON-state, c) OFF-state. 
 

A basic boost PFC rectifier converts a DC voltage to a higher DC voltage.The Interleave boost PFC rectifier does the 
same but it is consist of two single Boost converters connected in parallel so adds additional benefits with two output 
stages driven 180 degrees out of phase [7]. Conduction losses can be reduced by splitting the current into two power 
paths, which will result in gain of overall efficiency as compare to boost converter. Because the two phases are 
combined at the output capacitor, effective ripple frequency is doubled, making ripple voltage reduction much easier. 

The operational circuit of IB converter is shown in Fig.2 (a). Vin is source voltage, VL1 and VL2 are the voltage 
across the inductor1 and inductor2 respectively. Current iL1, iL2, iC and io are flowing through the inductor1, 
inductor2, capacitor and load respectively. Four modes of the interleaved boost topology are shown in Fig.2. When S1 
and S2 turns on in mode 1, current ramps up in L1and L2 with a slope depending on the input voltage, storing energy in 
L1and L2 as shown in Fig.2(b),. The sum of voltage VL1 and VL2 during this time is Vin. The inductor current rises 
linearly with the slope of Vi/2L.During this time the current through S1 and S2 is same as iL1 and iL2 respectively. In 
mode 2, S2 turns OFF,  D2 turns on as input voltage becomes greater than the output voltage to deliver part of its stored 
energy to the load and the output capacitor as shown in Fig.2(c).Current in L2 ramps down with a slope dependent on 
the difference between the input and output voltage. Mode 3 is same as Mode 2 here S1 turns off and D1 turns on as 
shown in Fig.2 (d),. Current in L1 ramps down with a slope dependent on the difference between the input and output 
voltage in mode 4 as shown in Fig.2 (e), S1 and S2are off both L1 and L2 deliver their part of energy to the load and 
the output capacitor as a result current in L1 and L2 ramps down. Control of interleave boost converter for PFC 
operation using PI average current control method requires sensing of both the input voltage and current . A low-
frequency transformer or an optical coupler can be used to sense the input voltage [8]. An input current can be sensed 
by using unidirectional current transformer. In average current control method there is inherent over current protection 
for the entire converter because the switch is turned off when the switch current reaches the reference current limit [9]. 
Here several similar converters may be connected in parallel to share the load as shown in interleave boost converter. 
Each converter will deliver only the portion of the power that it is programmed for by its reference current limit. The 
inductor saturation is also eliminated by the reference current limit. 
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                        (a)        (b) 

 

(c)                                       (d)                                                         (e)  

Fig.  2: Circuit configuration of a interleave boost converter  a)With operational switch, b)S1andS2 on, c)S1 on and 
S2 off ,d)S1 off and S2 on ,e)S1 and S2 off 

 
The state variables are assumed as inductor currents iL1 and iL2 and the capacitor voltage Vo. This converter 

comprises of four modes of operation.   
1）Mode1：Switches S1 and S2 are on, diode D1 and D2 are off. At this stage, the state differential equations of the 

circuit are given by: 
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2）Mode2：Switches S1 diode D2 are on, and S2 and D1 are off.  
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3）Mode3：Switch S2 and diode D1 are on, and Switch S1 and diode D2 are off.  
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4）Mode4：Switches S1 and S2 are off, diode D1and D2 are on.  
푑푖
푑푡 =

푉
퐿 −

푉
퐿  

푑푖
푑푡 =

푉
퐿 −

푉
퐿  

푑푉
푑푡 =

푖
퐶 +

푖
퐶 −

푉
푅퐶 

 

     	

⎣
⎢
⎢
⎢
⎡

⎦
⎥
⎥
⎥
⎤

=

⎣
⎢
⎢
⎢
⎡0 0

0 0

⎦
⎥
⎥
⎥
⎤ 푖
푖
푉

+

0

		푉 		              (4)  

 
III.   CONTROLLER DESIGN 

 
 IB converter is decomposed into two boost converters and one converter is controlled in each half cycle [10]. 

During positive half cycle one boost converter formed of S1 and D1 and line inductor is controlled to shape the input 
current. Similarly during negative half cycle second boost converter formed of S2 and D2 and line inductor is 
controlled to shape the input current. An average current mode PWM controller with single loop is used in order to 
obtain the control objectives. The two outputs of the controller operate 180° out of phase and have separate current 
limit inputs for each channel. Here inductor current is directly controlled, whereas the output voltage is controlled  
indirectly by the current loop. A control reference is used to regulate the average current of the converter with average 
PI current-mode control as shown in Fig.3. The current loop achieves low distortion in the input current and unity 
power factor. For this, the current controller shapes the inductor current with a reference waveform. Thus, it is possible 
to keep the input current in phase with  input voltage. The controller operates in the CCM mode since during each 
switching period only part of energy stored in the inductor is delivered to the load. The input current of the boost 
converter is feedback and compared with the reference that has a rectified sinusoidal wave shape such that it is in phase 
with the boost input voltage. The error is passed to PI control whose output is compared with a triangular signal to 
generate the PWM signal. 
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Fig.  3. Control scheme of the boost PFC with current control 
 
The generated PWM is passed to turn on and off the boost converter switch. The PI controller ensures that the error 

at its input is zero, which implies that input current tracks reference current. 
 

IV.   EXPERIMENTAL VERIFICATION 
 

A 1500-W model is built in PSim to asses Boost control and IB control with PI current control method. The Input rms 
voltage is 220 V and the output voltage is 457V. The Power Factor (PF), Total harmonic Distortion (THD), Current and 
voltage ripple waveform under variable load and variable switching frequency in Boost and IB converter is shown in 
fig.4. Here AC input voltage is rectified by a diode bridge rectifier and then the rectified voltage is boosted using 
Interleave boost converter. It clearly shows that only input voltage and inductor current is sensed for the closed loop.  
Interleave converter is operated at 50kH frequency and pulse width is adjusted with the reference current value of 6.3A. 

 

 
   (a)      (b) 

 
   (c)       (d) 
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   (e)       (f) 
 
Figure 4. Simulation results: a) Variation of Power factor with switching frequency in boost and interleave boost; b) 

Power factor versus load of boost and interleave boost; c)Variation of output voltage with time in interleave boost 
converter; d) Plot of output  voltage versus time at different loads in interleave boost converter; e) Steady state current 
waveform  of Interleave boost converter ; f) Fast Fourier transform of ripple current in interleave boost converter. 

 
The turn off time is determined by the time at which the average inductor current reaches a reference current limit. This 
involves an inner fast current control loop. The curve of Power factor versus frequency is shown in fig.4(a). Each switch 
operates at 50 kHz and total switching frequency is 100 kHz for Interleave Boost converter. It is observed that power factor 
increases with the switching frequency. The close observation shows that boost converter power factor is 0.9976 at 100 
kHz. The interleave boost converter exhibits 0.9995 power factor at same switching frequency. Similar kind of results 
is also achieved in [4] with cascade control loop. The variation of Power factor of Boost and Interleave Boost converter 
is shown in fig.4(b). At maximum load of 100Ω power factor for boost converter is 0.9977 and for interleave boost 
converter it is 0.9992. Fig 4(c) shows the waveform for Boost converter’s output voltage. Vout is maintained to a 
constant value of 457V and output voltage ripple is up to 2%.Variation of ripple under load 
50kΩ,100kΩ,150kΩ,200kΩ load is shown in Fig 4(d).Input current ripple of  IB converter with FFT transform is 
shown in Fig.4(e),(f). Fundamental component is of 3.072A with current ripple of  0.731 A. 

 
V. CONCLUSION 

 
The average PI current controlled closed loop for boost and interleave boost converter is described, analyzed and 

compared. The fundamental issues Power factor correction, Output voltage regulation, Total Harmonic Distortion, 
Output voltage ripple and inductor current ripple is discussed. Frequency spectrum of the input current is shown. The 
comparative study of two topologies show the superior performance of the interleave boost converter. The result allows 
continuing future works in IB with a current loop or a cascade control using an adaptive control approach. 
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