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Abstract—A digital predictive peak current control (PPCC) em-
ploying the adaptive slope compensation is proposed in this pa-
per. The PPCC precisely predicts the peak current reference with
the adaptive slope compensation according to operation regions
and load conditions. Thereby, the PPCC can control the peak
inductor current, and it significantly reduces the total harmonic
distortion compared to that of the conventional digital average
current control with duty ratio feed-forward which is widely used.
In addition, parts of the PPCC are implemented by utilizing the
internal high-resolution ramp generator and comparator of a dig-
ital signal processor without external components. The principle
and analysis of the PPCC are presented, and the performance
and feasibility are verified by experimental results with univer-
sal input (90 Vrms ∼ 260 Vrms ) and 750 W − 400 V output
laboratory prototype.

Index Terms—Digital control, duty ratio feed-forward-control
(DFF), power factor correction (PFC), predictive control.

I. INTRODUCTION

THE importance of complying with the harmonics regula-
tion limit of international standards such as IEC6100-3-2,

80 Plus, and internal specifications of the power supply system
manufacturers is growing up to minimize the power loss, noise,
and line current distortion resulting from the reactive power [1],
[2]. To alleviate these problems, a continuous conduction mode
(CCM) boost power factor correction (PFC) circuit is popu-
lar in medium- to high-power applications because of its small
conduction loss and high power density [4].

Nowadays, due to the performance improvement and reduced
cost of digital signal processors (DSPs), the digital control is
gradually applied to the high switching frequency switching
mode power supply instead of analog control ICs. In addi-
tion, since the digital control has many advantages such as de-
sign flexibility, management convenience, low part counts, and
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Fig. 1. Control block diagram of DFF ACC.

possibility of integration with other ICs [5], a lot of digital
control algorithms and implementations have been explored
[8]–[21].

Most digital control schemes for the CCM boost PFC con-
verter adopt the average current control (ACC) which needs
high-current control bandwidth and gain, normally above
10 kHz, to achieve the sufficient disturbance rejection [6], [7].
However, due to the sample and hold effect and time delay of
the digital control, the current control bandwidth is limited to
one-tenth of the sampling frequency (f samp ) which is only half
of that of the analog ACC. Consequently, the conventional dig-
ital ACC method encounters the large input current distortion
[7]. In order to enhance the performance of the current control,
the duty ratio feed-forward (DFF) technique in Fig. 1 has been
widely adopted [8]–[14]. This DFF technique can cancel input
and output voltage disturbances by calculating the ideal duty
ratio and adding this duty ratio to the current control output.
Moreover, the DFF can compensate the dynamics difference
between CCM and discontinuous conduction mode (DCM), so
the CCM compensator can be applied in DCM as well as CCM
[11], [14]. As a result, the input current distortion can be re-
duced without increasing the current control loop bandwidth
and gain. However, in DCM–CCM transition called the mixed
conduction mode (MCM), the inductor and input current can be
distorted due to the inaccurate DFF resulting from the induc-
tance tolerance and unpredictable inductor current oscillations
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in DCM [14]. Moreover, inductor current oscillations also in-
duce irregular high-frequency disturbance in the current control
loop, thus, the input current distortion in DCM is inevitable.

To relieve the current distortion caused by the inductance tol-
erance, the inductance estimation method was proposed main-
taining the DFF technique in [15]. However, this method still
causes the input current distortion, when the boost converter is
designed with low switching frequency to achieve a maximum
efficiency. This is because the current control loop bandwidth
and gain limited by the low switching and sampling frequencies
are insufficient to cancel disturbances resulting from inductor
current oscillations in DCM. In [16] and [17], the MCM control
methods with separate CCM and DCM current compensators
were proposed to enhance the performance of the current con-
trol in DCM. However, since the DFF technique cannot be ap-
plied to MCM control methods, they still require a high-current
control bandwidth above 10 kHz and gain which is not suitable
for low switching frequency applications. In addition, they also
require the added bulk space and complex implementations, be-
cause these methods utilize the auxiliary winding or other digital
techniques for the zero-crossing detection.

Meanwhile, the predictive current control for PFC which ob-
viates the current loop compensator and achieves a fast response
in the current control, i.e., single-cycle response, has been also
applied to the PFC control [18]–[21]. Most of the predictive
current control algorithms for PFC eliminate the input current
distortion resulting from the low control bandwidth and gain,
so these can generate a precise sinusoidal input current wave-
form in CCM. However, the input and inductor currents could
not adequately chase the input voltage in DCM, because the
inductor current oscillations in DCM are unpredictable and they
deteriorate the input current distortion in DCM.

To alleviate aforementioned problems, a digital predictive
peak current control (PPCC) with the adaptive slope compen-
sation for the CCM boost PFC converter is proposed in this
paper. The PPCC adopts the concept of the DFF which esti-
mates the ideal duty ratio of the boost converter. Through this
estimated duty ratio, the PPCC predicts the precise peak current
reference and adaptive slope corresponding to operation regions
and load conditions. As a result, the PPCC obviates the current
loop compensator which requires a high sampling frequency to
increase the current control bandwidth and gain. In addition,
by using internal high-speed comparators and high-resolution
slope ramp generators in the modern DSP, the PPCC controls the
peak inductor current precisely without additional components.
Therefore, the PPCC can provide the sinusoidal input current
minimizing the current distortion.

This paper is organized as follows. In Section II, the princi-
ple of the proposed PPCC is presented including the prediction
of the duty ratio, peak current reference, and adaptive slope
compensation. Section III presents the analysis of the current
distortion resulting from the current oscillations in DCM and
inductance tolerance of a boost inductor. The experimental re-
sults of a universal input (90 ∼ 260 Vrms) and 750 W − 400 V
output laboratory prototype are presented in Section VI com-
pared to the conventional DFF ACC, followed by a conclusion in
Section V.

Gvc(z)

Voltage 
Compensator

Fig. 2. Control block diagram of proposed PPCC.

Peak Current 
Reference Correction

Fig. 3. Detail block diagram of the proposed predictive control algorithm.

II. PROPOSED PPCC

Fig. 2 shows the control block diagram of the PPCC, and
Fig. 3 depicts the detailed block diagram of the predictive control
algorithm in the PPCC.

The main characteristics of the PPCC are presented as
follows.

1) The output voltage controller is the same as that of the
conventional ACC.

2) The proposed PPCC provides the peak inductor current
and adaptive artificial slope for the slope compensation
by using the estimated duty ratio.

3) The proposed PPCC predicts the corrected peak current
reference considering the adaptive slope compensation.

4) The adaptive slope compensation is implemented by the
internal high-resolution slope ramp generator in the DSP,
and the cycle-by-cycle current restriction is also carried
out through the internal comparator.

To implement the proposed PPCC, the TMS320F28069PZT
from Texas Instruments is chosen as a digital controller due
to its integrated comparators and high-resolution slope ramp
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generators. Moreover, since the predicted control variables of
the proposed PPCC cannot be applied in the current switching
cycle, most variables are determined for the next switching cycle
based on sampled values.

A. Output Voltage Control

The output voltage control of the PPCC utilizes that of the
conventional ACC, and basic control laws are presented in [3].
From [3], the output voltage controller can provide the average
inductor current reference (iL,avg ,ref [n]) as in (1), where vm [n]
is the output of the output voltage loop compensator which
means input power (W), vin [n] is the rectified input voltage, and
vin,rms[n] is the input voltage rms value

iL,avg ,ref [n] = iL,avg [n] =
vm [n]vin [n]
v2

in,rms[n]
. (1)

Assuming the unity power factor, where the shape of
iL,avg ,ref [n] follows that of vin [n], the emulated resistance
(Re [n]) which presents the load conditions can be expressed
as

Re [n] =
vin [n]

iL,avg ,ref [n]
=

vin [n]
vm [n ]v i n [n ]
v 2

in , rm s [n ]

=
v2

in,rms[n]
vm [n]

. (2)

Since the magnitude of Re [n] is almost constant, the esti-
mated average current reference for the next switching cycle
(iL,avg ,ref [n + 1]) is only affected by the input voltage variation
and can be expressed as

iL,avg ,ref [n + 1] =
vin [n + 1]

Re [n]
≈ 2vin [n] − vin [n − 1]

Re [n]
, (3)

where the estimated input voltage (vin [n + 1]) is 2vin [n] −
vin [n − 1], and it can be obtained by assuming that vin [n] is
a linear term, because the switching frequency (fs) is far higher
than the line frequency.

B. Peak Inductor Current Prediction

The peak inductor currents in CCM and DCM are different. In
order to predict the peak inductor current according to operation
regions, the duty ratio in CCM and DCM, i.e., dCCM [n + 1] and
dDCM[n + 1], and the operational region for the next switching
cycle should be estimated in advance. Based on the DFF in
[11] and the input–output equation of the boost converter in [3],
dCCM [n + 1] and dDCM[n + 1] can be derived as

dCCM [n + 1] = 1 − vin [n + 1]
vO [n + 1]

≈ 1 − 2vin [n] − vin [n − 1]
vO [n]

,

dDCM[n + 1] =

√
2L

Re [n]Ts
· dCCM [n + 1], (4)

where L is the inductance of a boost inductor, TS is one switch-
ing period, and estimated output voltage (vO [n + 1]) is approxi-
mated as the sampled output voltage (vO [n]) due to its negligible
output voltage ripple.

Fig. 4 depicts dCCM [n + 1] and dDCM[n + 1] during the half-
line cycle in several load conditions. As looking at Fig. 4,

Fig. 4. Estimated duty ratio.

dCCM[n + 1] is independent of load variations during the half
cycle of the ac input voltage. On the other hand, as the out-
put load decreases, dDCM[n + 1] is lower and lower, so inter-
section points between dDCM[n + 1] and dCCM [n + 1] occur.
Provided that estimated duty ratios are exactly equal to ideal
duty ratio, these intersection points express CCM and DCM
boundary points, and a lower value between dCCM [n + 1] and
dDCM[n + 1] is matched to its operation region. Thus, the es-
timated duty ratio (d[n + 1]) and operational region can be
determined.

Based on duty ratios and operation regions, predicted CCM
and DCM peak inductor currents, i.e., iL,peak,CCM[n + 1] and
iL,peak,DCM[n + 1], are presented as in (5) and (6), and they are
shown in Fig. 5, where ΔiL [n + 1] means the predicted boost
inductor current ripple

iL,peak,CCM[n + 1] = iL,avg ,ref [n + 1] + ΔiL [n + 1]

= iL,avg ,ref [n + 1] +
vin [n + 1]

2L
dCCM [n + 1]TS , (5)

iL,peak,DCM[n + 1] = 2ΔiL [n + 1]

=
vin [n + 1]

L
dDCM[n + 1]TS . (6)

Fig. 6 presents waveforms of predicted peak inductor currents
in the PPCC. As shown in Fig. 6, it is possible to make the
ideal sinusoidal average inductor current by controlling the peak
inductor current. Besides, since the current transition from DCM
to CCM softly occurs, the current distortion in MCM can be
minimized.

C. Adaptive Artificial Slope Prediction

The subharmonic oscillation of the peak current control oc-
curs when the duty ratio is above 50%. In order to solve this
problem, the slope compensation which adds a constant arti-
ficial slope ramp to the control output or the inductor current
is commonly used [3], [22]. However, the slope compensation
with the constant artificial slope ramp is inadequate for the PFC
PCC due to its wide input voltage range [22]. Consequently,
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Fig. 5. Predicted peak inductor current waveforms. (a) CCM. (b) DCM.

Fig. 6. Peak inductor current waveforms.

the adaptive artificial slope ramp should be required to reject
undesirable disturbances.

Generally, the artificial slope ramp for the PCC should be
more than a half falling slope of the inductor current and
less than a falling slope of the inductor current for stability
over the entire duty ratio [3]. To generate this artificial slope
ramp, the PPCC utilizes a 16-bit high-resolution ramp genera-
tor which is integrated in DSP as depicted in Fig. 7. This high-
resolution ramp generator makes the adaptive artificial slope
ramp by accumulating Ma.K [n + 1] on every counter clock, i.e.,
Ma.K [n + 1] means an adaptive artificial slope corresponding
to one counter clock of the integrated high-ramp generator. Con-
sidering the high-resolution ramp generator and falling slope of

Fig. 7. Block diagram of the internal high-resolution ramp generator and
comparator.

the boost inductor current, the CCM minimum and maximum
adaptive artificial slope corresponding to one counter clock, i.e.,
Ma.CCM ,K,min [n + 1], Ma.CCM ,K,max[n + 1], are presented as

Ma,CCM ,K,min [n + 1] =
TS (vO [n] − vin [n + 1])

2L · CLK

=
TS d[n + 1]vO [n]

2L · CLK
,

Ma,CCM ,K,max[n + 1] =
TS d[n + 1]vO [n]

L · CLK
, (7)

where CLK means a total ramp generator counter clock during
one switching period.

To maximize stability in the current control and obviate the
subharmonic oscillation resulting from the inductance tolerance,
the CCM adaptive artificial slope (Ma.CCM ,K [n + 1]) should be
determined at the midpoint between Ma.CCM ,K,max[n + 1]and
Ma.CCM ,K,min [n + 1], and Ma.CCM ,K [n + 1] can be expressed
as

Ma,CCM ,K [n] =
3TS (vO [n] − vin [n + 1])

4L · CLK

=
3TS d[n + 1]vO [n]

4L · CLK
. (8)

Considering Ma.CCM ,K [n + 1], the proposed PPCC can ef-
fectively suppress the subharmonic oscillation and instability up
to ±33.33% inductance discrepancy.

On the other hand, the boost converter in DCM is stable
without the slope compensation. However, if DCM and CCM
operation regions are mistakenly detected, the subharmonic os-
cillation occurs in MCM, and the boost PFC converter is no
longer stable. In order to avoid instability in MCM, the slope
compensation can also be included in DCM. For the impercep-
tible transition in MCM, the MCM adaptive slope can be se-
lected for DCM. As a result, the DCM adaptive artificial slope
(Ma,DCM ,K [n + 1]) which copes with CLK can be expressed
as in (8) and illustrated in Fig. 5(b), where dMCM[n + 1] means
2L/(TsRe [n])

Ma,DCM ,K [n + 1] = Ma,MCM ,K [n + 1]

=
3TS dMCM[n + 1]vO [n]

4L · CLK

≈ 3vO [n]
2Re [n]CLK

. (9)
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Fig. 8. Normalized artificial slope ramp.

Fig. 8 shows the normalized adaptive artificial slope during
the half-line cycle. Since Ma.DCM ,K [n + 1] is inversely propor-
tional to Re [n], Ma.DCM ,K [n + 1] is decreased as the load is
decreased. As a result, a lower value between Ma.CCM ,K [n + 1]
and Ma.DCM ,K [n + 1] should be chosen as Ma,K [n + 1] to
reduce the effect of the excessive slope compensation in
DCM. In addition, in light-load conditions, because of small
Ma.K [n + 1], the effect of Ma.K [n + 1] can be ignored, and
the PPCC can efficiently suppress the current distortion caused
by unpredictable current oscillations in DCM.

D. Peak Current Reference Correction and Adaptive
Slope Compensation

To eliminate the current distortion near the zero crossing of
the input voltage resulting from the slope compensation [22],
iL,peak [n + 1] should be corrected considering the adaptive
slope compensation. From the peak inductor current, adaptive
artificial slope, and duty ratio, the predicted peak current refer-
ence (iL,peak,ref [n + 1]) can be corrected and determined as in
(10), and it is also shown in Fig. 5

iL,peak,ref [n + 1]= iL,peak [n + 1]

+ Ma,K [n + 1]d[n + 1]CLK. (10)

The ramp generator module in the DSP shown in Fig. 7 sub-
tracts the predicted adaptive artificial slope from this revised
peak current reference on every counter clock of the integrated
ramp generator, so the carrier signal including the slope com-
pensation is generated. By using the integrated comparator, the
proposed PPCC turns OFF the switch providing the cycle-by-
cycle current restriction, when the carrier signal intersects with
the inductor current. Therefore, the proposed PPCC controls
the peak inductor current, and it reduces the input current dis-
tortion which is unavoidable in the conventional DFF ACC. In
addition, iL,peak,ref [n + 1] is independent of input and output
voltage disturbances, so a high sampling frequency to enlarge
the current control loop bandwidth and gain is not required, and
the burden of the DSP can also be reduced.

Fig. 9. Inductor current waveforms in DCM. (a) DFF ACC. (b) PPCC.

III. ANALYSIS OF CURRENT DISTORTION

The proposed PPCC can considerably curtail the current dis-
tortion not only in DCM but also in MCM, and it can achieve
a low total harmonic distortion (THD) especially in DCM by
suppressing unpredictable inductor current oscillations in DCM.
However, a little current distortion in light-load conditions can
occur owing to the effect of the small slope ramp compensa-
tion. Moreover, iron powder cores utilized in the PFC converter
have up to 10% inductance tolerance in manufacturing. This in-
ductance tolerance brings about the inductance discrepancy and
inaccurate prediction of the PPCC resulting in the input current
distortion. Therefore, the effects of the slope compensation in
DCM and inductance tolerance are analyzed in this section.

A. Current Distortion in DCM

The resonance in DCM caused by the boost inductance (L)
and output capacitance of the switch (Coss) brings about induc-
tor current oscillations in DCM which vary depending on the
continuously changing input voltage as expressed below and
shown in Fig. 9(a)

iL,r (t) = −iL,r sin(ωr (t − t2))

=

⎧⎪⎨
⎪⎩

−vO − vin

Zr
sin(ωr (t − t2)), vin ≥ vO

2

−vin

Zr
sin(ωr (t − t2)), vin <

vO

2

(11)

where ωr = 1/
√

LCoss and zr =
√

L/Coss .
In addition, these current oscillations in DCM have influences

on the irregular current peak of the boost inductor (eiL,peak ).
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As a result, the effects of current oscillations in DCM are
unpredictable, and high-frequency disturbances in current con-
trol loop occur resulting in the current distortion. Meanwhile, the
proposed PPCC enables the peak inductor current to follow the
predicted peak inductor current value as illustrated in Fig. 9(b).
Although the small peak current error (eiL,ppcc,peak [n]) in DCM
can be generated by the slope compensation as expressed in
(12), the effect of the slope compensation is reduced as load is
decreased due to the small adaptive artificial slope

eiL,ppcc,peak [n] = eiL,peak [n]
(

1 − vin [n]TS /L

vin [n]TS /L + Ma [n]

)
.

(12)
Because of this reason, the PPCC has almost no effect on

the input and inductor currents in light-load conditions, and it
can mostly get rid of the input current distortion. Therefore, the
PPCC can increase the power quality in light-load conditions.

B. Average Inductor Current Error in One Switching Cycle
With Inductance Discrepancy

The inductance discrepancy resulting from the tolerance as
well as current oscillations in DCM affects the performance
of the PPCC as shown in Fig. 10. Thus, the average inductor
current error (eiL,avg [n]) in one switching cycle according to
each operation region, i.e., CCM, DCM, and MCM, is analyzed
in the following.

1) CCM: The average inductor current error in CCM
(eiL,avg ,CCM [n]) is determined by the inductance difference
as shown in Fig. 10(a). Considering this, the average induc-
tor current with the inductance discrepancy (iL,avg ,dis [n]) and
eiL,avg ,CCM [n] can be obtained as follows:

iL,avg ,dis [n] = iL,avg ,ideal [n] +
vin [n]
2Lideal

d[n]TS

−vin [n]
2Ldis

d[n]TS , (13)

eiL , av g , C C M [n] = iL,avg ,ideal [n] − iL,avg ,dis [n]

=
vin [n]d[n]TS

2

(
Lideal − Ldis

LidealLdis

)
, (14)

where Ldis means the inductance influenced by the tolerance.
2) DCM: As can be seen in Fig. 10(b), the DCM current error

(eiL,avg ,DCM[n]) is influenced by the inductance discrepancy as
well as the adaptive slope compensation. Thereby, the peak
inductor current changes, and the polarity of eiL,avg ,DCM [n]
is opposite compared with that of eiL,avg ,CCM [n]. The peak
inductor current with Ldis(iL,peak,dis [n]) can be achieved as in
(15), where Ma [n] is Ma.K [n] × CLK

iL,peak,dis [n] = iL,peak,ideal[n] + Ma [n] (dideal [n] − ddis [n])

=
vin [n]
Ldis

ddis [n]TS . (15)

By rearranging (15), the duty ratio affected by Ldis(ddis [n])
can be derived as in (16)

ddis [n] =
(

Kideal [n]
Kdis [n]

)
dideal [n], (16) Fig. 10. Average inductor current error. (a) CCM. (b) DCM. (c) MCM.
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where Kideal [n] is vin [n]TS /Lideal + Ma [n] and Kdis [n] is
vin [n]TS /Ldis + Ma [n].

From (16), the average inductor current with Ldis
(iL,avg ,dis [n]) and eiL,avg ,DCM[n] can be expressed as

iL,avg ,dis [n] =
iL,peak [n]ddis [n]

2dCCM [n]
=

vin [n]
2Ldis

d2
dis [n]

dCCM

TS = iL,avg ,ideal [n]
(

Kideal

Kdis

)2

, (17)

eiL , av g ,DCM[n] = iL,avg ,ideal [n] − iL,avg ,dis [n]

= iL,avg ,ideal [n]

(
1 −

(
Kideal[n]
Kdis [n]

)2
)

. (18)

3) MCM: As aforementioned, eiL,avg ,CCM [n] and
eiL,avg ,DCM[n] have the opposite signed value at the
same inductance discrepancy. Because of this reason, the
average inductor current changes significantly in MCM, and
it leads to the relatively large current distortion as shown in
Fig. 10(c). Based on the same procedure of the DCM analysis,
the average inductor current error in MCM (eiL,avg ,MCM[n])
can be achieved as

eiL , av g ,M CM [n] = iL ,avg , ideal [n] − iL ,avg ,dis [n] = iL ,avg , ideal [n](
1 −

(
iL ,avg , ideal [n]/dideal + (Kideal + vin [n]TS /2Lideal )

Kdis

)2
)

.

(19)

C. Input Current Distortion in One-Line Cycle With
Inductance Discrepancy

Fig. 11 presents theoretical input current waveforms with
up to 20% inductance discrepancy. This theoretical analysis
is implemented at 230Vrms input, 750 W- 400 V output, and
1 mH inductance with 0%, 10%, and 20% tolerance. Assume
that the converter fully operates in CCM and DCM as shown in
Fig. 11(a) and (b), the effect of the average inductor current er-
rors is much small, because the PF and THD are not influenced
by the fundamental component but harmonic components of
eiL,avg [n]. Therefore, these errors can be neglected in light- and
heavy-load conditions. However, when the boost converter op-
erates in MCM and intermediate-load conditions as shown in
Fig. 11(c), the current distortion occurs due to opposite-signed
current errors between DCM and CCM. Thus, the larger induc-
tance discrepancy occurs, the more current distortion arises in
MCM.

Fig. 12 shows the theoretical harmonic current in
intermediate-load conditions which is the worst case of the
PPCC. The IEC61000-3-2 Class D harmonics standard is also
illustrated in Fig. 12. Despite the most deficient performance
of the PPCC in this load conditions, all harmonic components
are far smaller than the harmonic standards, and its effect is
negligible.

MCM

Fig. 11. Normalized input current of PPCC with inductance discrepancy.
(a) Heavy-load conditions in CCM. (b) Light-load conditions in DCM.
(c) Intermediate-load conditions in MCM.
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Fig. 12. Theoretical harmonic currents of PPCC with inductance discrepancy
in intermediate-load conditions compared to IEC61000-3-2.

TABLE I
DESIGNED PARAMETERS

Input voltage 50 Hz, 230 V rm s

Output voltage and power 400 V , 750 W
Switch (Q) IPP6R099CP6
Diode (D) D08G60C
Inductor (L) 1 mH
Output capacitor (CO ) 560 μF
Switching Frequency (fsw ) 45 kHz
Sampling Frequency (fs a m p ) 45 kHz

IV. IMPLEMENTATION AND EXPERIMENTAL RESULTS

In order to verify the effectiveness of the PPCC, the PPCC is
applied to a prototype of the CCM boost PFC converter which is
designed for 750-W and 80 Plus titanium server power supply.
Table I shows design parameters of the prototype. To maximize
efficiency, the boost PFC converter adopts the silicon carbide
Schottky diode which solves reverse recovery problems, and
the switching frequency is selected as 45 kHz to reduce the
switching loss. The boost inductor is designed to be about 1mH
using the high-flux OD270-1.5 T core with 43 μ permeability for
over 0.95 PF in 20% load conditions at 230 Vrms . The 450 V −
560 μF capacitor is used as an output capacitor (CO ) to meet
the hold-up regulations.

A. Implementation of Proposed PPCC and Conventional
DFF ACC

The DSP chosen for the implementation of control algorithms
is TMS320F28069PZT from Texas Instrument. With internal
comparators and slope ramp generators, the proposed PPCC
can be conducted without any additional components. In addi-
tion, since the switching frequency is 45 kHz, the sampling and
interrupt frequency are also chosen as 45 kHz.

To verify the effectiveness of the proposed PPCC, the DFF
ACC is chosen as a conventional control algorithm because of

Fig. 13. Nonlinear boost inductance.

Fig. 14. Flowchart of PPCC.

its low input current distortion compared with the other ACC
algorithms. Besides, a single-current compensator designed for
CCM is used regardless of the conduction modes. This is be-
cause the DFF rejects the input and output disturbances and
dynamics change. For the conventional DFF ACC, the discrete
PID controller is used as a current compensator, and it gave
4kHz cutoff frequency and 45° phase margin. The design pro-
cedure of the current compensator is not included in this paper,
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Fig. 15. Experimental waveforms at 110 Vrm s and 1 mH. (a) DFF ACC in
100% load conditions. (b) PPCC in 100% load conditions. (c) DFF ACC in 10%
load conditions. (d) PPCC in 10% load conditions.

Fig. 16. Experimental waveforms at 230 Vrm s and 1 mH. (a) DFF ACC in
50% load conditions. (b) PPCC in 50% load conditions. (c) DFF ACC in 10%
load conditions. (d) PPCC in 10% load conditions.
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Fig. 17. Experimental waveforms of PPCC with inductance discrepancy in
50% load condition at 230 Vrm s . (a) 10% inductance discrepancy. (b) 20%
inductance discrepancy.

because it is the same as other conventional ACC methods [10],
[11], [14], [17].

Meanwhile, the proposed PPCC predicts all control variables,
and conducts the current control without the current compen-
sator. As a result, it can achieve a fast response in current control
and a high-power quality by suppressing the current distortion
caused by the low-current loop bandwidth and gain. However,
the PPCC is affected by not only the inductance tolerance but
also the soft saturation characteristics of the boost inductor as
depicted in Fig. 13, and the PPCC cannot guarantee stability
with this reduced inductance. To compensate this soft saturation
characteristic of the boost inductor, a simple nonlinear induc-
tance as shown in Fig. 13 is adopted in the proposed PPCC.
Fig. 14 represents the flowchart of the proposed PPCC during
every sampling period. The interrupt starts at every sampling
period and the PPCC is conducted by updating Ma,k [k + 1] and
iL,peak,ref [n + 1]. At the beginning, vin [n] and vO [n] are sensed
and sampled by two ADC modules. On the other hand, iL is di-
rectly connected to a negative input of the internal comparator
to turn OFF the switch. The output voltage controller provides
iL,avg ,ref [n + 1] and Re [n] to regulate vO [n]. dCCM[n + 1] and
dDCM[n + 1] are obtained through the duty estimation. Then,
the duty and the operation region can be defined by comparing
these two estimated duty ratio. After the detection of the oper-

Fig. 18. Measured PF and THD at 110 Vrm s . (a) PF. (b) THD.

ation region, the conventional DFF ACC fulfills ACC through
the current compensator. On the other hand, the PPCC carries
out the prediction of iL,peak [n + 1] and Ma,k [n + 1], and deter-
mines and updates iL,peak,ref [n + 1] as (10) in Section II.

The output voltage controller designs for both DFF ACC
and PPCC are exactly equal [7], [14], [17], because the output
voltage controller generates the same average current reference.
Thereby, the output voltage compensators of the DFF ACC and
PPCC are also designed to reject the disturbance of the output
voltage ripple with about 10Hz control loop bandwidth. Be-
cause of this reason, the design procedure of the output voltage
controller is omitted in this paper.

The resolution of the high-resolution slope ramp generator
is 16-bit as can be seen in Fig. 7. This 16-bit resolution is
sufficiently high to precisely generate the artificial slope ramp,
so the quantization error of the Ma,k [n + 1] is small enough
and negligible. Moreover, by adjusting the clock of the high-
resolution ramp generator, the quantization error of the ramp
generator can be minimized. Thus, the quantization error of the
Ma,k [n + 1] is small enough and negligible. On the other hand,
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Fig. 19. Measured PF and THD at 230 Vrm s . (a) PF. (b) THD.

the DAC which is used as a positive input of the comparator
has a 10-bit resolution. Despite a relatively lower resolution, the
performance of the PPCC is hardly affected by the quantization
error of the DAC, because the DAC operates as a low-pass filter,
and the 3mV voltage level is also sufficient to conduct the
PPCC. Thus, in this paper, the effect of the quantization error is
ignored due to the negligible quantization error.

B. Experimental Result

The experimental waveforms of the DFF ACC and PPCC are
shown in Figs. 15 and 16. Both the DFF ACC and PPCC show a
low-current distortion, where the boost PFC converter fully op-
erates in CCM as shown in Fig. 15(a) and (b). On the other hand,
the input and inductor current waveforms of the DFF ACC show
the current distortion in DCM and MCM due to the low control
bandwidth, gain, and inaccurate DFF. Meanwhile, the reduced
input current distortion is shown in the PPCC waveforms, be-
cause the PPCC controls the peak inductor current precisely.

Fig. 20. Experimental waveforms of PPCC with load change. (a) Load change
from 0% to 50% at 110 Vrm s . (b) Load change from 0% to 50% at 230 Vrm s .

Therefore, the drastically low THD can be achieved with the
proposed PPCC especially in DCM and MCM.

Fig. 17 shows the waveforms according to the discrepancy
of the inductance in half-load conditions at 230Vrms . As pre-
viously mentioned, the small inductance discrepancy can be
negligible. However, as the inductance discrepancy arises more,
the current distortion of PPCC in half-load conditions can be
increased as aforementioned in Section III.

The detailed performance comparisons between the conven-
tional DFF ACC and PPCC in various load conditions are pre-
sented in Figs. 18 and 19. As shown in Fig. 18, in low input
voltage conditions, the power quality of the PPCC is slightly en-
hanced or almost the same as the conventional method, since the
PFC converter mostly operates in CCM and it causes the ignor-
able current distortion as mentioned in Section III. In high input
voltage conditions, assume that there is no inductance discrep-
ancy, the THD is significantly reduced as shown in Fig. 19(b).
However, when the inductance discrepancy arises up to 20%,
the THD of the proposed PPCC over half-load conditions is
increased, since the DCM and MCM operations are expanded
near the zero crossing of the input voltage. Despite the THD in-
crement in heavy-load conditions, THD in light-load conditions
is significantly reduced regardless of the inductance discrep-
ancy. In addition, the inductor generally has 10% tolerance, so
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the 20% inductance discrepancy can be considered as abnormal
conditions.

The load regulations and transient characteristics of the PPCC
are represented in Fig. 20. Likewise the conventional method,
the output voltages are well regulated and vary within 25 V
while the load is changed from 0% to 50%.

These experimental results are well matched with the previous
analysis in Section III. Therefore, the proposed PPCC has the
strength in reducing the current distortion in MCM and DCM.

V. CONCLUSION

This paper proposes a PPCC employing the adaptive slope
compensation for the CCM boost PFC converter, and the validity
of this study is confirmed by experimental results. The PPCC is
suitable for the digital PFC control due to following reasons.

1) The PPCC reduces the input current distortion without
increasing the sampling frequency, since it predicts the
precise peak current reference and constraints the peak
inductor current.

2) The PPCC is realized by utilizing the internal comparators
and slope ramp generator founded in the DSP without
external components.

3) There is no need for designing the complex and time-
consuming optimization procedure for the current loop
compensator, because the current loop control is accom-
plished in nature.

Therefore, the PPCC is very promising for the CCM boost
PFC converter which requires high performance.
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