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Optimum Boundary Inductance Control Concerning
Limited PF for a DCM Boost PFC Converter

Kai Yao , Member, IEEE, Lei Li, Huanqi Tang, Chunyan Mao, and Kaili Chen

Abstract—The discontinuous conduction mode boost power fac-
tor correction converter features zero-current turn-ON for the
switch, no reverse recovery in diode, and constant frequency op-
eration. With traditional constant duty ratio control, the power
transfer in each switching cycle exhibits great difference during a
half-line cycle. Consequently, the peak and root mean square val-
ues of the inductor current are large, the same goes for the switch
and diode. This increases not only the current stress of the power
components but also the conduction and switching turn-OFF loss,
and lowers the efficiency of the converter. Introducing third and
fifth harmonics into the input current and varying the duty cy-
cle correspondingly can reduce the aforementioned power transfer
difference, and provide huge space for the increment of boundary
inductance as well. An optimum boundary inductance control con-
cerning limited power factor (PF) is proposed in this paper. For
the maximum boundary inductance of the converter within wide
input voltage range, the optimum harmonics amounts are analyzed
and figured out. The proposed method brings about efficiency im-
provement, output voltage ripple reduction, and PF increase as
well, especially at high input voltages. A prototype has been built
and the experimental results are presented to show the validity of
the scheme.

Index Terms—Boost, discontinuous conduction mode (DCM),
limited power factor (PF), optimum boundary inductance (OBI),
power factor correction (PFC).

I. INTRODUCTION

FOR THE improvement of grid power quality and the re-
duction of line current distortion, power factor correction

(PFC) is necessary in ac–dc conversion. Many topologies and
control methods of PFC have been put forward for low total
harmonics distortion and high power factor (PF) [1]–[4]. Dis-
continuous conduction mode (DCM) boost PFC converters are
widely employed in low-to-medium power applications because
of its several merits [5]–[11].
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The work in [5] provides a systematic analysis of the upper
and lower limits to output voltage and power in a DCM boost
PFC converter regarding the input current distortion. A digital
signal processor (DSP) implementation and step-by-step design
procedure is presented in [6] for the control of a DCM boost
PFC converter in universal line-voltage applications. The re-
search in [7] gives a comprehensive design and optimization of
a high-power-density single-phase boost PFC converter. In [8],
a variable-duty-cycle control is proposed to improve the PF to
nearly unity under universal input voltages. A direct ac–dc boost
converter at DCM is proposed in [9] for efficient and optimum
energy harvesting from low-voltage microgenerators. The study
in [10] builds a model for the PFC converter operation mode
prediction under practical circumstances, based on which anal-
ysis of the output voltage and power limitations is provided. The
work in [11] presents a variable duty cycle control technique for
improving PF of quadratic DCM–DCM boost PFC converter.

When PFC converters designed for operation in continuous
conduction mode (CCM) at full power are operated at reduced
load, operation in DCM occurs in a zone that is close to the
crossover of the line voltage. This zone will gradually expand
with decreasing load to finally encompass the entire line cy-
cle, resulting in significant input current distortion. The work
in [12] proposes a mixed-mode input current sensor-less pre-
dictive current control at constant but two different switching
frequencies for a single-phase boost PFC converter. A digitally
controlled boost PFC converter is introduced in [13], where a
dedicated control algorithm consisting of sample correction and
duty-ratio feed-forward is proposed. The study in [14] gives
analysis about the source of input-current distortion of CCM
boost PFC converters operated in DCM and a solution of several
snubber types is evaluated. In [15], a predictive current control
law based on a DCM detection circuit is modified to improve
current shaping and adaptive switching and adaptive frequency
control techniques are introduced to reduce switching losses. A
simple digital DCM control scheme which introduces minimal
changes to the CCM average current control structure and can
be achieved in a single clock cycle is proposed in [16]. A robust
autotuning technique to achieve the desired crossover frequen-
cies and phase margins as well as a precise estimation of the
filter inductance and capacitance is presented in [17]. In [18], a
DCM detection method is proposed using the added capabilities
of a DSP with integrated comparators and a simple digital con-
troller architecture that changes its compensator to suit DCM or
CCM operation is introduced. In [19], the characteristics of the
common-mode and differential-mode noise of the converter are
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Fig. 1. Main circuit of boost PFC converter.

Fig. 2. Inductor current waveform in switching cycles.

analyzed for average-current-controlled boost PFC converters
operating in both CCM and DCM under different input volt-
age and load conditions. For future on-chip implementation, a
high-frequency boost PFC rectifier with small form-factor and
a digital mix-conduction-mode controller for 1 MHz operation
without the need of average current sensing is proposed in [20].
A digital phase leading filter current compensation technique for
a CCM boost PFC to improve PF in high line voltage and light
load conditions is proposed in [21].

Constant duty ratio control (CDC) of DCM boost PFC con-
verters leads to huge difference of power conversion in each
switching period during an input cycle. The resultant high peak
and root mean square (RMS) currents of power components
yield negative influence on the current stress and the conversion
efficiency. In order to increase the critical inductance as much as
possible and the efficiency of the converter, an optimum bound-
ary inductance (OBI) control concerning limited PF (OBIP) is
put forward. The basic relationship between the electrical pa-
rameters of DCM boost PFC converter is listed in Section II. In
Section III, the OBI control is proposed and the optimum third
and fifth harmonics amounts are figured out. Section IV gives
the comparison between OBIP and CDC in the aspect of the
PF, the input current, the RMS and peak current of the inductor,
and the output voltage ripple. The control circuit and the exper-
imental results are presented in Section V. Section VI summa-
rizes the paper.

II. WORKING PRINCIPLE OF DCM BOOST PFC CONVERTER

Fig. 1 shows the main circuit of a boost PFC converter. When
the converter operates at DCM, the inductor current waveforms
in switching cycles and a half-line cycle are shown in Figs. 2
and 3, respectively.

The detailed derivation process has been given in [8], where
the input voltage, the rectified voltage, the input current, the
peak and the RMS value of the inductor current, the relationship

Fig. 3. Inductor current waveform in a half-line cycle.

between the on-duty-cycle and the off-duty-cycle corresponding
to the falling period of the inductor current are listed in (1)–(5).
With CDC, the duty cycle, the PF and the critical inductance are
expressed in (6)–(8)

vin = vg = Vm sinωt (1)

iin =
VmD2

y

2Lbfs

sinωt

1− α sinωt
(2)

iLb_pk =
DyVm sinωt

Lbfs
(3)

ILb_rms =
VmTs

Lb

√
1

π

∫ π

0

D3
ysin

2ωt

3 (1− α sinωt)
dωt (4)

DR =
α sinωt

1− α sinωt
Dy (5)

Dy =
1

Vm

√
2πLbfsPo∫ π

0
sin2ωt

1−α sinωtdωt
(6)

PF =

√
2
π

∫ π

0
sin2ωt

1−α sinωtdωt√∫ π

0
sin2ωt

(1−α sinωt)2
dωt

(7)

Lb1 =
V 2
m(1− α)2

2πfsPo

∫ π

0

sin2ωt

1− α sinωt
dωt (8)

where Vm and ω are the amplitude and angular frequency of
the input voltage, Vo is the output voltage, α = Vm/Vo, and
0 ≤ ωt ≤ π.

Using (8) and the specifications of the converter given in
Table I in Section V, we can plot Fig. 4. By Fourier analysis,
the input current harmonics can be obtained, and Fig. 5 exhibits
the ratio of the third, fifth, and seventh RMS values to the input
power. It should be noted that the negative value means that the
corresponding harmonic has a phase difference of π with respect
to the fundamental component.

III. OPTIMUM HARMONICS FOR MAXIMUM

BOUNDARY INDUCTANCE

Referring Fig. 2 and (5), (6), the discontinuous degree of the
inductor current is defined as 1−Dy −DR for the sake of
analysis. For DCM boost PFC converter with CDC, during a
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TABLE I
SPECIFICATIONS OF THE PROTOTYPE

Fig. 4. Critical inductance with CDC.

Fig. 5. Harmonic contents per-Watt with CDC.

half-line cycle of a certain input voltage, the discontinuous
degree of the inductor current decreases within [0, π/2] and in-
creases with [π/2, π]. This also explains why the critical induc-
tance occurs at Vin_RMS = 264 V and ωt = π/2, which, actually,
is the only point where the inductor current is in critical conduc-
tion mode, within [0, π] and during 90–264 Vac. In addition, the
aforementioned analysis indicates that, the input current mainly
contains the third harmonics with a phase difference of π in
regard to the fundamental one. For the convenience of expla-
nation, the input current with CDC, and the third together with
the fifth harmonic in phase with the fundamental one are plotted
in Fig. 6.

Let us make the following assumption. Introducing a certain
amount of iin3 into the input current iin will increases its value
within [0, π/3] and [2π/3, π], and decrease its value within [π/3,
2π/3]. As the input current is the average value of the inductor
current in a switching cycle, the duty cycle should be adjusted
accordingly, if the inductance is kept the same as that with CDC.
Or rather, instead of a constant value within a half-line cycle,
the duty cycle should be increased within [0, π/3] and [2π/3, π],
and decreased within [π/3, 2π/3]. Thus, the off-duty-cycle will

Fig. 6. Waveforms of the input current with CDC, third and fifth harmonics.

increase and decrease in proportion. It is not difficult to find that,
the discontinuous degree of the inductor current will become
lower within [0,π/3] and [2π/3,π], and higher within [π/3, 2π/3]
correspondingly, which, fortunately, can provide space for us to
adopt an inductance higher than the original one with CDC.

From the variation rule of the third harmonic in Fig. 6, it
is not difficult to imagine that if the original input current is
introduced into some third harmonic, the discontinuous degree
of the inductor current within [0, π/6] and [5π/6, π] is always
higher than that within [π/6, 5π/6]. In fact, with the increase
of the third harmonic amplitude, the electrical angle at which
the discontinuous degree of the inductor current is the lowest
will move gradually from π/2 to π/6 and 5π/6. Interestingly,
at π/3 and 2π/3, i.e., the exact middle points between π/2 and
π/6 as well as 5π/6, the third harmonic values are always 0, no
matter how much its amplitude is. In other words, at π/3 and
2π/3, the instantaneous value of the original input current with
CDC cannot be changed. As a result, the room for the inductance
increment may be constrained at these two angles. Obviously,
the fifth harmonic can remove this restriction. Therefore, we can
also take this into consideration for the possible further increase
of the inductance.

A. Derivation of Optimum Third and Fifth Harmonics

For the OBI control, the input current is defined as

iin = I1 (sinωt+ I∗3 sin 3ωt+ I∗5 sin 5ωt)

=
2Po

Vm
(sinωt+ I∗3 sin 3ωt+ I∗5 sin 5ωt) (9)

where I1 is the amplitude of the fundamental component, I∗3 and
I∗5 are the normalized amplitude of the third and fifth harmonics,
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Fig. 7. Group of lines with different I∗3 and I∗5.

Fig. 8. Different groups of I∗3 and I∗5 achieving same value at ωt1 and π/2.

respectively. The combination of (2) and (9) yields the duty cycle
as (10) as shown bottom of the page.

Substituting (10) into (5) combiningDy +DR ≤ 1 and defin-
ing sin ωt = x results in the critical inductance

Lb ≤ V 2
m

4fsPo

1− αx

1 + I∗3 (3− 4x2) + I∗5 (5− 20x2 + 16x4)
.

(11)
For simplicity, let us omit the constant coefficients and ex-

change the numerator and denominator as follows:

Γ (x) =
1 + I∗3

(
3− 4x2

)
+ I∗5

(
5− 20x2 + 16x4

)
1− αx

. (12)

A group of curves for (12) are drawn in Fig. 7, with I∗3 de-
creasing and I∗5 increasing from the top to the bottom. It can
be noticed that there may be three cases about extreme points,
corresponding to the angle of π/2, ωt1, and π − ωt1, ωt2, and
π − ωt2, respectively. Furthermore, the local peak values at ωt1
and π/2 change toward the opposite direction.

Obviously, the optimum situation is that the two values equal.
Interestingly, many groups of I∗3 and I∗5 can achieve this situa-
tion, as shown in Fig. 8.

First, we come to the solution of x1.

Differentiating (12) with x and setting it equal to 0 leads to

x4 − 4I∗5
3α
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12

(
5 +

I∗3
I∗5

)
x2 +

1

6α

(
5 +
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I∗5

)
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48

(
5 +

3I∗3
I∗5

+
1

I∗5

)
= 0. (13)

For simplicity, the following symbols are defined:
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3α
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)
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1
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(14a)

A = 8 B = −4c C = 2bd− 8e D = e
(
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(14b)
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C

A
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3A2
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2B3

27A3
− BC

3A2
+

D

A
(14c)

y =
3

√
−q

2
+

√(q
2

)2

+
(p
3

)3

+
3

√
−q

2
−

√(q
2

)2

+
(p
3

)3

− B

3A
. (14d)

Then the solution of (13) is formulated as

x1 =
1

4⎡
⎢⎣
√√√√(

b+
√

8y + b2 − 4c
)2

− 16

(
y +

by − d√
8y + b2 − 4c

)

−
(
b+

√
8y + b2 − 4c

)⎤
⎥⎦. (15)

Equation (15) gives the relationship between the local peak
point and I∗3 , I∗5 , α. Now, the problem is how to determine the
optimum I∗3 and I∗5 for the maximum inductance L, i.e., the
minimum value Г.

Defining the Lagrange’s conditional extremum function as
follows:

F (I∗3, I
∗
5) = Γ

[
sin

(π
2

)]
+ k

{
Γ (x1)− Γ

[
sin

(π
2

)]}

=
1− I∗3 + I∗5

1− α
+ k

[
Γ (x1)− 1− I∗3 + I∗5

1− α

]
(16)

where k is an auxiliary parameter.
Theoretically, the optimum values I∗3_OBI and I∗5_OBI can be

figured out from the following equations and expressed as a
function of α. Nonetheless, the equations are too complex to
be solved directly. For a specific α, I∗3_OBI, and I∗5_OBI can

Dy =
2
√
LbfsPo

Vm
·
√
(1− α sinωt)

[
1 + I∗3

(
3− 4 sin2 ωt

)
+ I∗5

(
5− 20 sin2ωt+ 16 sin4 ωt

)]
. (10)
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TABLE II
MAIN COMPONENTS OF THE PROTOTYPE

Fig. 9. Fitted curves of the optimum harmonic. (a) Third harmonic. (b) Fifth harmonic.

Fig. 10. Optimum harmonics and their limits.

be obtained by mathematical tool and software, as listed in
Table III in the Appendix and depicted in Fig. 9.

⎧⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎩

∂F (I∗3, I
∗
5)

∂I∗3
= 0

∂F (I∗3, I
∗
5)

∂I∗5
= 0

∂F (I∗3, I
∗
5)

∂k
= 0

. (17)

Through mathematical analysis, we finally acquire a fitted
function as follows. The fitted curve overlaps the computed one
very well, as shown in Fig. 9

I∗3_OBI = 3.985α3 − 5.569α2 + 2.996α− 0.459 (18a)

I∗5_OBI = 0.355α3 − 0.492α2 + 0.265α− 0.041. (18b)

Fig. 11. PF curves with different control. (a) At Vo = 400 V. (b) At Vo =
390 V.

The ratio of the third and fifth harmonics to the input power
can be calculated as

I3,5
Pin

=
I3,5

I1 · Vm

/√
2
=

I∗3,5
Vm

/√
2
. (19)
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Fig. 12. Critical inductance curve for CDC and OBI with 120 W and 100 kHz. (a) At Vo = 400 V. (b) At Vo = 390 V.

Fig. 13. Achievable maximum inductance versus PFlim with 264 Vac, 120 W, and 100 kHz. (a) At Vo = 400 V. (b) At Vo = 390 V.

Fig. 14. Critical inductance curve for CDC and OBIP with 120 W and 100 kHz. (a) At Vo = 400 V. (b) At Vo = 390 V.

Based on (18) and (19), we can draw Fig. 10, where 3.4 mA/W
and 1.9 mA/W are the limits of third and fifth harmonics from
IEC61000-3-2 Class D. It is clear that the harmonics meet the
standard requirements.

B. Compromise Scheme Concerning PF

Fig. 11 can be plotted from (7) and (18). Substituting x =
1 and (18) into (11), and combining with the specifications in
Section V, we can get Fig. 12. The figures explicitly demonstrate
that, compared with CDC, the PF is lowered and the critical
inductance is increased with the OBI control, especially at high
input voltages. In other words, the great increment of inductance

at high input voltages is achieved at the cost of PF. Unfortunately,
such a sacrifice does not make a sense, for the inductance should
be selected at α = 0.32 to satisfy the wide input voltage range.
Therefore, a scheme of OBIP is put forward here, which can
improve the PF and keep the inductance no less than 250 μH at
high input voltages.

It is easy to find that a PFlim corresponds to an αPFlim
in

Fig. 11. During [0.32, αPFlim
], the optimum I∗3 and I∗5 for

OBIP is the same as that for OBI. For the rest period
[αPFlim

, 0.94], a systematic analysis reveals that it can be
divided into two parts, and the critical inductance is got at
x1 expressed in (15) for the first part and sin (π/2) for the
second part.
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Fig. 15. Input current in a half-cycle.

Fig. 16. Peak current of the inductor.

For the period [αPFlim
, 0.94], I∗3 and I∗5 should satisfy

1√
1 + I∗3

2 + I∗5
2
= PFlim. (20)

Thus, the fifth harmonic is expressed as

I∗5 =

√
1

PF2
lim

− 1− I∗3
2. (21)

The substitution of (21) and (15) into (12) leads to a function
consisting of I∗3 , α, and PFlim. Differentiating the function with
I∗3 and setting it equal to 0 results in the optimum I∗3_OBIP.
Correspondingly, the optimum I∗5_OBIP can be got from (21).
This is for the first part.

Substituting I∗3_OBIP and I∗5_OBIP into (15) yields a function
regardingα and PFlim. Defining this function as 1, we will obtain
the demarcation point αd between the first and the second part.

Replacing x and I∗5 in (12) with 1 and (21) respectively, we
have

Γ
[
sin

(π
2

)]
=

1− I∗3 +
√

1
PF2

lim
− 1− I∗3

2

1− α
. (22)

Obviously, the optimum I∗3_OBIP is
√

1
PF2

lim
− 1. This is for

the second part.
In summary, Table IV can be illustrated from the analysis

above. Specifically, at 264 Vac, the achievable highest PF is

Fig. 17. RMS current of the inductor.

Fig. 18. Output voltage ripple.

0.96 lest the inductance is less than 250 μH, which can also be
seen from Fig. 13. Ensuring PF ≥ 0.96, we can obtain the fitted
expression of I∗3_OBIP and I∗5_OBIP for the three input voltage
ranges

I∗3_OBIP =⎧⎪⎨
⎪⎩
3.985α3 − 5.569α2 + 2.996α− 0.459 0.32 ≤ α ≤ 0.71

−0.6064α2 + 0.9141α− 0.0529 0.71 < α ≤ 0.76

0.2917 0.76 < α ≤ 0.94

(23a)

I∗5_OBIP =⎧⎪⎨
⎪⎩

0.355α3 − 0.492α2 + 0.265α− 0.041 0.32 ≤ α ≤ 0.71

1.103α2 − 2.1961α+ 1.0157 0.71 < α ≤ 0.76

0 0.76 < α ≤ 0.94

.

(23b)

Correspondingly, the critical inductance curve is obtained, as
shown in Fig. 14.

Furthermore, we have analyzed different cases regarding dif-
ferent output voltage, switching frequency, and output power.
The results are shown in Figs. 11(b)–14(b) and Tables V–VII
in the Appendix. The following conclusion could be obtained.
For a given output power and switching frequency, the output
voltage value has a large impact on the PF of the converter,
regardless of the control. Interestingly, as for the influence of
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Fig. 19. Control diagram.

the output voltage value on the critical inductance, the answer
is high for CDC and low for OBIP. The reasons are explained
as follows. As shown in Fig. 12, for CDC, the critical mode is
only achieved at the line angle of π/2 under 264 Vac, and the
peak voltage value is 373 V, whose difference between 400 and
390 V is 27 and 17 V, respectively, leading to great change of the
inductor current falling rate and the critical inductance as well.
While for OBIP, the critical inductance is decided by the oper-
ation under 90 Vac, whose difference between 400 and 390 V
is huge, and the 10 V change of the output voltage does not
have great influence on the inductor current falling rate and the
critical inductance. In addition, the double power or switching
frequency results in half of the critical inductance.

IV. PERFORMANCE COMPARISON

A. Power Factor

The utilization of (23) and the specifications of the converter
bring about the PF of OBIP, which is plotted in Fig. 11. Com-
pared with that of CDC, the PF of OBIP is slightly sacrificed at
low input voltages and greatly improved at high input voltages.
Specifically, OBIP and CDC achieve nearly the same PF at the
nominal input voltage of 110 and 220 Vac.

B. Input Current and Peak and RMS Current of Inductor

Substituting (6), (10), (23) into (2), (3), (4) and combining
the specifications of the converter, we can acquire the input
current, the peak, and RMS current of the inductor for CDC
and OBIP, respectively. Figs. 15–17 present the corresponding
curves. As can be seen from Fig. 15, the input currents are not si-
nusoidal and the distortion pattern of CDC and OBIP is different.
Fig. 16 demonstrates that OBIP achieves a lower value around
π/2 and a higher value around 0 and π, compared with CDC.
Fig. 17 shows that a lower RMS value of the inductor current is
realized by OBIP, especially at low input voltages.

C. Output Voltage Ripple

The output voltage ripple can be formulated as

ΔVo =
2

ωCoVo

∫ ωtc

0

(Po − viniin) dωt (24)

where ωtc is time instant when the instantaneous input power
equals the output power.

The substitution of (2), (6), (9), (23) into (24) yields the ripple
of the converter with CDC and OBIP, respectively, as depicted
in Fig. 18. The ripple with OBIP is reduced, especially at high
input voltages.

V. EXPERIMENTAL VERIFICATION

For the verification of the proposed control scheme, a proto-
type has been built and tested in the laboratory. The specifica-
tions and the main components of the prototype are shown in
Tables I and II.

The control implementation is demonstrated in Fig. 19, where
a DSP is adopted, for (10) is complex to be realized in an analog
way. The output voltage Vo and the peak value of the rectified
input voltageVm are sent into DSP by analog-to-digital converter
(ADC) module. In consequence, α = Vm/Vo is identified and
I∗3_OBIP, I∗5_OBIP are generated by the software based on (23).
Meanwhile, the sampled output voltage is compared with the
reference voltage Vref and regulated by the error amplifier, and
the output is vEA. Through zero-crossing detection circuit, an
interrupt will be triggered when the input voltage crosses zero.
In this way, a sinusoidal function with the same initial phase
and frequency as those of the input voltage is generated in DSP
Then,

ξ(ωt) =

√
(1− α sinωt)[1 + I∗3_OBIP (3− 4 sin2 ωt)

+ I∗5_OBIP (5− 20 sin2 ωt+ 16 sin4 ωt)]
,

a part of (10), can be produced by the function generation soft-
ware. Finally, vEA and ξ are multiplied and interacted with the
triangle waveforms. Therefore, the variable duty cycle expressed
in (10) is achieved.
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Fig. 20. Experimental waveforms in a line cycle at 110 Vac. (a) With CDC.
(b) With OBIP.

Fig. 21. Experimental waveforms in a line cycle at 220 Vac. (a) With CDC.
(b) With OBIP.

The experimental waveforms of the input voltage, input cur-
rent, inductor current, and output voltage in a line cycle are dis-
played in Figs. 20 and 21, for the converter with CDC and OBIP
operated at 110 and 220 Vac respectively. Obviously, because
of the changed duty cycle, the shape of the input current and the
peak envelope of the inductor current with OBIP are different
from those with CDC.

Fig. 22 shows the measured efficiency and OBIP achieves a
higher efficiency than that with CDC. The reason is explained
as follows. Figs. 16, 20, and 21 demonstrate that, at low input
voltages, the peak value of the switch current, i.e., the peak value
of the inductor current, is greatly reduced at any line angle in a

Fig. 22. Experimental results of efficiency.

Fig. 23. Experimental results of PF.

Fig. 24. Experimental results of output voltage ripple.

half-line cycle of [0, π], while, at high input voltages, the value
decreases around π/2 and increases around 0 and π. Thus, the
switching turn-OFF loss is reduced, especially at low input volt-
ages. Moreover, the conduction loss of the power components
is reduced, as can be inferred from Fig. 17, where the inductor
current’s RMS value with OBIP is lower than that with CDC.

Fig. 23 indicates that the input PF with OBIP is slightly lower
than that with CDC during low input voltage range. During high
input voltage range, the PF with CDC decreases dramatically
when the input voltage increases. However, OBIP can achieve a
stable PF higher than 0.95.

The tested output voltage ripple is exhibited in Fig. 24, where
we can find that OBIP brings about a lower ripple value, espe-
cially at high input voltages.
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VI. CONCLUSION

This paper proposes an OBIP for DCM boost PFC converters.
The influence of the current harmonics on the critical inductance
is mathematically analyzed in detail and the optimum third and
fifth harmonics amounts are discovered. The control implemen-
tation circuit is designed. The great inductance increment and
the corresponding variable duty ratio bring about an obvious

decrement of the peak and RMS currents of power components,
leading to a higher efficiency. Furthermore, the output voltage
ripple is reduced and the PF is increased, especially at high input
voltages.

APPENDIX

See Tables III–VII.

TABLE III
OPTIMUM HARMONICS AMOUNTS AND BOUNDARY INDUCTANCE (μH) WITHOUT A LIMITED PF AT Vo = 400 V

TABLE IV
OPTIMUM HARMONICS AMOUNTS AND BOUNDARY INDUCTANCE (μH) WITH A LIMITED PF AT Vo = 400 V
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TABLE V
OPTIMUM HARMONICS AMOUNTS AND BOUNDARY INDUCTANCE (μH) WITHOUT A LIMITED PF AT Vo = 390 V

TABLE VI
OPTIMUM HARMONICS AMOUNTS AND BOUNDARY INDUCTANCE (μH) WITH A LIMITED PF AT Vo = 390 V

TABLE VII
EXTENDED RESULTS REGARDING DIFFERENT OUTPUT VOLTAGE, SWITCHING FREQUENCY, AND OUTPUT POWER
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