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Abstract:  This paper, a new simple controller operates in
continuous conduction mode (CCM) for Boost power factor
comection converter is introduced. The duty ratios are
obtained by comparisons of a sensed signal from inductor
current and a negative ramp carrier waveform in each
switching period. By using the proposed controller, input
voltage sensing, error amplifier in the current feedback loop,
and analog multiplier/divider are not required, then, the
control circuit implementation is very simple. To verify the
proposed controller, the circuit simulation for Boost power
factor correction converter was applied. For the results, the
input current waveform was shaped to be closely sinusoidal,
implying low THD.

1. Introduction

To operate the Boost PFC converter in continuous
conduction mode (CCM), the controller as shown in Fig.1
[1] is traditionally applied. An input voltage sensing is
required to obtain a sinusoidal reference, an analog
multiplier to combine this reference with the output
information, and an error amplifier in the current loop to
extract the difference between the input current and the
reference to generate the control signal for modulating the
input current. Therefore, the circuit implementation of the
conventional control technique is very complexity.

Recently, to reduce the complexity of the conventional
control technique, control techniques in [2]-[6] are
presented. Nonlinear carrier (NLC) controller in [2] is one
of good example. The sinusoidal switch, diode or inductor
current is sensed and compared with the carrier waveform
in each one switching period for achieve the sinusoidal
input current waveshape or high power factor condition
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Figure 1. Conventional controller
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Figure 2. Proposed controller
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Figure3. Boost converter with proposed controller

Such NLC waveforms are derived based on the steady-
stage voltage conversion thus depend on the converter
topology and on which current is sensed. In other cases, a
linear negative ramp carrier is employed as [6] with the aim
of simplifying the carrier generator circuit.

The purpose of this paper is to present one of the simple
PWM controller in CCM operation for the Boost PFC
converter as shown in Fig.3. The proposed control
technique is very simple, low cost. The duty ratios are
determined from the comparison of the negative ramp
carrier waveform and the detected signal from the inductor
current. By using the proposed controller, current sensing,
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input voltage sensing, emor amplifier in the current
feedback loop, and multiplier/divide are not required.

2. Control Circuit Operations
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Figure 4. Control circuit operation of proposed controller

From Fig.4, at the beginning of a switching period, a
short clock pulse sets the flip-flop (£F), which tums on the
power switch Q. The reset of FF is based on the
comparison of a signal K, (?) from inductor current sensor
and a periodic negative ramp carrier waveform v.(t) as
shown in Fig. 4 (top trace). At ¢ = dT,, the carrier waveform
v(t) is equal to the signal K (2} so that the comparator
output goes high and resets the FF turning off the power
switch Q as shown in drive signal in Fig. 4 (lower trace).
The process is repeated in each switching period.

3. Design Consideration of Proposed
Controller
To implement the control circuit of the proposed
controller, the steady-stage voltage conversion of Boost
converter in CCM is considered that is given by
v, =V, (1-d) 0y

When the unity input power factor condition occurs, the
emulated resistance is,

R == (2)

then, when the power factor is unity, the input current is

V
j = —= -— 3
i, =%-(1-d) ®)

Assuming input current i (?) = inductor current i (?) then
from (16), we can directly use the relationship of inductor
current to shape the input current waveform by -

Y,
R

K,i, ===(1-d) @

where K; is the gain of output voltage signal of inductor
current sensor.

To obtain a duty d to satisfy (16), the voltage signal K, is
compared with the periodic carrier waveform v,(t) which is
realized by substituting 4 with #/7; in (16) so that,

v, (t)=v,,.[1—Ti] (5)

&

v.(t+T)=v.()

where the emulated resistance R, is

[

R = ¥, 6)
vl’l

4. Implementation of Negative Slope Ramp
Carrier Waveform Generating Circuit
To implement the negative slope ramp waveform
generator circuit, (5) is applied for consideration. Firstly,
the control signal v,, is integrated by using the well-known
inverting integral with reset clock circuit for creating

_Yu ,term that
w0 === [ v () ===+ )

s 0

Figure 5. Implementation of negative slope ramp generator

and at the same time v, is amplified by —/ gain then,
v, () ==1Ixv, ==-v, (8)

and both signals are compared by using the differential
amplifier.

v() = [vl(t)—vz(t)]=[—%t+vm] )

v.() = vm{l—%]

ITC-CSCC 2002



The circuit implementation of the negative slope ramp
waveform generator in (5) is already shown in Fig.5.

5. Boundaries between CCM and DCM
Operations in Proposed Controller

To determine the boundaries between CCM and DCM
operations of the boost rectifier circuit with proposed
controller as shown in fig.3, firstly, the duty ratio must be
determined.
In the analysis, we use the following notation for
normalized input voltage, v, and the peak value of the input
voltage, Vg peut

Then,
mg =:,_x (10)
Ve, peat
My =2 (11)

where my is conversion ratio and M, is maximum value of
the conversion ratio.

So, the duty ratio d can be determined from

d(t)=1~m, 12)

(12)is used to make the plots of duty ratios at several values
of the conversion ratio M, and these plots are shown in

Fig.7. Here, at the large value of M,, the maximum value of
the duty ratio is low.
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Figure 6. Inductor voltage and inductor current waveforms
of the power circuit in fig.] when operating in DCM

From the inductor current waveforms in DCM operation
in fig.6, the boost rectifier will be operated in DCM when

Ay <D’ (13)
and operated in CCM when
Ay 2D (14)
by the time interval At; is

_ 2L,

=
VDI,

Then,

(15)

K <K, —inDCMoperation
K >K,,; —inCCM operation

(16)

where the load parameter X is defined as

x=2L

RT, 17

and the boundary parameter K. is defined as

K.y =DD" (18)
The relation in (16) and the values of duty ratio d(#) from
(12) are used in (18) to make the plots of K,; in several
conversion ratio M, values as shown in fig.8.Here, the
value of K.,y will be high when use the converter having
high conversion ratio.
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Figure.7 Theoretical plots of duty ratios d(?) at several
conversion ratio M, values
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Figure.8 Theoretical plots of boundary parameters X,,;; at
several conversion ratio M, values

6. Simulation Verifications
To verify the boost PFC converter with proposed
controller, the circuit simulation on PSPIE program was
applied to the circuit shown in Fig. 3 by designing to meet
the following specifications:
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Output power P, = 152 W
Output voltage V, =380 V.
Input voltage V, = 100 Vs
Line frequency f= 50 Hz
Switching frequency f; = 40 kHz

From circuit specifications, the power circuit conversion
ratio M, is
ﬁV g.rms JZ_ x100
v, 380
To ensure that the contro! circuit will perform the power
circuit always operating in the CCM, the value of load
parameter K must be always higher than the value of the
boundary parameter K_;.. So, we use the boost Inductance L
=2 mH that has K = 0.168 at full load resistance = 950 Q.
Fig. 8 shows that at M, = (.37, the maximum vatue of X is
about 0.08. So, the values of X are always higher than the

values of K, Then, the CCM operation can be satisfied at
all full load.

=0.37

M, =

Figure 9. Simulation waveforms of (topper) input voltage,
and (lower) input

By using the proposed controller, the input current is
shaped to be closely sinusoidal as shown in Fig.9 (lower
trace), implying low THD, high power factor and controlled
in CCM operation as shown in Fig.10. In Fig.10, the
controller operation waveforms are shown.

7.Conclusion

By using the proposed controllers, its operation requires
only output voltage and sensed inductor current signals. So,
the error amplifier in the current feedback loop, input
voltage sensor, and analog multiplier, which are used in the
conventional controller in Fig.]1 are not required. The duty
ratios are determined by comparing the sensed inductor
current with the negative slope ramp signal in each
switching period as shown in the simulation results in Fig.9.
Therefore, its circuit implementation is very simple. By
using the operation as shown in Fig.10, the input current of
Boost PFC AC-to-DC converter in Fig.3 is shaped to be
closely sinusoidal by following the input voltage waveform
as shown in Fig.9.

Figure 10. Simulation waveforms of the proposed controller
(from the top) comparison of the negative slope ramp
carrier waveform and signal from inductor current sensor,
Clock signal at 40 kHz, Output signal from the comparator,
and Gate driving signal respectively.
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