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Abstract

This paper presents the concept of interleaved pulse width modulation to achieve boost converter with power factor correction
and regulated DC voltage. The boost converter employs boundary conduction mode and zero current switching to achieve power
factor correction. The converter is having a high voltage conversion ratio with wide span of turn ON and OFF period, which will
differentiate this proposed converter from the conventional boost converter. The interleaved pulse width modulation will reduce
current ripples of input and output currents. The interleaving will also aid to the reduction in size of the inductor and capacitor
used for the proposed converter. In this paper the circuit configuration, principle of operation, simulation results, experimental

results of the proposed converter are presented.
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1. Introduction

The interleaved boost converters are suitable to employ
with the application of solar micro inverters, networking
and telecom power supplies, high efficiency server power
supplies. The above system will require high voltage
boost conversion ratio for the smooth operation, this
will be effected by the flexible duty cycle operation. In
the proposed converter by the use of narrow turn off
period the high voltage step up output has been realized'.
The conventional boost converters cannot produce high
voltage step up output because of the restriction in the
duty cycle. The difficulty in the conventional boost
converters employing high duty cycle is the non linear
voltage conversion due to para cyclic resistance regulation
of the output voltage. This paper presents new boost
converter with high voltage step up output compared
to the conventional converter. The proposed converter
is working with interleaved pulse width modulation
and on boundary conduction mode. By the use of the
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above techniques the input line current will follow
the sinusoidal waveform which will reduce the input
ripple current, this helps to get an input power factor
improvement and reduction in total harmonic distortion.
The proposed converter is employed with unique PWM
generator IC FAN9612. This controller is having a control
over the output of high voltage conversion ratio, zero
cross switching and phase shading facility under low
load condition to improve the efficiency. The low load
condition refers to less than 12% at this load condition,
one of the phases will be isolated from output connectivity
and the remaining phase will feed power to the output®*.

2. Circuit Configuration

There are two circuit modules in the converter to archive
high voltage conversion, load voltage regulation and
ripple current cancellation. The input AC voltage has been
rectified by a bridge rectifier. Inductor L1 and L2 are used
to store energy when the switches Qland Q2 are in ON
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condition respectively and release through the diode to the
output when the respective switch is in off condition. The
switches are controlled by the controller with 180 degree
phase shift without missing of interleaving between the
phases of the converter®.
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Figure 1. Circuit configuration of boost converter.

3. Priciple of Operation

The principle of operation is as follows

Boundary Conduction Mode

The main advantage of the Boundary Conduction
Mode (BCM) is that, the new switching period is started
when the inductor current returns to zero and the voltage
wave form are as shown in figure 2
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Figure 2. Inductor current wave form in BCM.

The controller used in this project will use the BCM
algorithm for controlling the converter operation. The
current wave form of inductor is triangular; the average
value in every switching period is proportional to the
sinusoidal input voltage. This process of operation leads
the converter, uses the BCM operation to arrive an
excellent power factor correction in the application. The
frequency of operation is based on the instantaneous value
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of input voltage, the inductor value, output voltage and
output power. The limitation of the operating frequency
is based on the resonance between boost inductor and
the parasitic capacitances of the switching device and the
diode in every switching period. The Electro Magnetic
Interference (EMI) filter used in the input side will
minimize the noise induced by the ripple current®.

3.1 Priciple of Interleaving

The control of two converters operating parallel in BCM
with 180 degree out of phase is called as interleaving
operation of converters. This method reduces considerably
the current ripples in the input and output of the power
supply and the requirement of filters of the converter. The
interleaving reduces the current and thermal stresses of
the components employed in the converter. The above
properties and variable frequency of each converter are
controlled by the controller employed in this converter’.

3.2 Principle of PWM Generation

The boost converter works on BCM will operate on
variable frequency and generate PWM pulses when the
inductor current reaches zero, the zero current crossing
is sensed by the secondary of the inductor used in the
converter. The signal from the secondary and the timer
signal will initiate the start of the switching cycle through
a flip flop output®.

3.3 Conduction Interval Operation

In BCM the conduction period completion is controlled by
the PWM comparator, when the ramp wave form exceeds
the control voltage provided by the error amplifier. Also
in addition to the PWM comparator, the current limit and
the Maximum on Time (MOT) signals put together will
terminate the conduction time of the converter’.

3.4 Phase Management

The output power in BCM will determine the output
frequency of the converter. The converter operating
frequency increases at light loads to maintain the output
voltage at desired level. At light loads the peak inductor
current will get reduced, due to this, the on time and the
interval to reach the current to maximum or zero are
reduced. To improve efficiency at light load, the controller
disables one of the two converters, when the output power
falls below a defined value and maintain high efliciency
of the converter as shown in Figure 3. When the load is
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increased by a defined level both the converters will come
to operation to feed the load requirement.
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Figure 3. Phase management vs efficiency.

3.5 Soft Starting of Converter

In this converter closed loop soft start is employed. The
reference voltage of the error amplifier is slowly increased
to its final value. When the current and power limits of
the converter are properly taken into consideration, the
output voltage of the converter follows the reference
voltage. This ensures that the error amplifier stays in
regulation during soft start and the output voltage
overshoot can be eliminated.

3.6 Zero Current Detection

The internal sense circuit is working as a differentiator
to catch the valley point of the drain wave form. The
maximum source current during zero current detection
is limited to 0.5mA. The resistor used in between the
auxiliary winding and the ZCD pin of the controller is
used to limit the current. The R .|
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resister will be calculated as

3.7 Compensation by Error Amplifier

The output of the error amplifier is proportional to the
input power and independent of the input voltage. The
controller phase management circuit will sense the error
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amplifier output and drives the switches for single phase
or two phase operation based on the load level threshold
limit of power limit.

4. Simulation Characteristics

In the simulation part of the converter, both conventional
and proposed circuits are simulated in MATLAB Simulink
and the output waveforms are depicted.

4.1 Conventional Converter

Figure 4. Output voltage of conventional converter.

In the above output voltage graph (figure 4), the output
steadily increasing from origin and reaches the maximum
value. From the graph we find that the output voltage is
having ripples, which will affect the total performance of
the circuit and increased size in the design value of the
filter components.

Figure 5. Output current of conventional converter.

In the above output current graph (figure 5), the
current will follow the voltage waveform and steadily
increasing to the maximum value, but with ripples in
the wave form, which will affect the performance of the
converter.
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4.2 Proposed Converter

In the figure 6, the output voltage of the proposed converter
is shown, from the waveform it is ensured that, the output
voltage is free from ripples and providing a steady voltage
output to the load and improved performance of the
converter.

Figure 8. Gate drive signal.

Figure 6. Output voltage of proposed converter.

In the figure 7, the output current is unlike the
conventional converter with ripples, the wave form of
proposed converter indicates that, the current is free from
ripples and producing a steady current flow to the output
load and improved performance of the converter.

Figure 9. Output voltage waveform.

In the above figure 9, the output voltage developed by
the converter with boost conversion ratio has been verified.

Figure 7. Output current of proposed converter.

5. Experimental Results

The experimental results are arrived after hardware
assembly of the proposed converter, the selection of the
components as per the design requirement and populated
on a PCB for testing in the laboratory. The controller
FAN9612 used for the control of the circuit operation
including PWM generation after sensing the ZCD to get
high conversion ratio boost output has been verified.

In the above figure 8, shows that the gate drive signal
produced by the controller after satisfying the ZCD and
valley point detection has been fed to the MOSFET for
operation.

Figure 10. Output current wave form.
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In the above figurel0, it is observed that the current
waveform is following the voltage wave form by the
controlled operation of the converter through the
controller. This will aid the experimental results to achieve
better power factor improvement near to unity.

6. Conclusion

The two channel boost converter for power factor
correction using BCM has been designed and tested
in the laboratory and the results are obtained. From
the experimental results, it ensures that the proposed
converter can be used for high voltage step up ratio and
unity power factor requirement loads. The simulation
results are compared with the experimental results, the
comparison shows that the results are in line with the
expected results.
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