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Reducing Storage Capacitor of a DCM Boost
PFC Converter

Kai Yao, Xinbo Ruan, Senior Member, IEEE, Xiaojing Mao, and Zhihong Ye

Abstract—The discontinuous current mode boost power factor
correction (PFC) converter automatically achieves PFC when the
duty cycle is kept constant in a line cycle; however, there is large
third harmonic in the input current, and the third harmonic has
the initial phase of 7 in respect of the fundamental component.
Therefore, the input power factor is low, and a large storage ca-
pacitor is needed. Injecting appropriate third harmonic with initial
phase of zero into the input current could reduce the storage capac-
itor. This paper proposes the variable duty cycle control to inject
the required third harmonic into the input current to meet the re-
quirement of IEC 61000-3-2 Class D or Energy Star. A method of
fitting the duty cycle is further proposed for simplifying the circuit
implementation. The experimental results from a 120-W universal
input prototype are given to verify the effectiveness of the proposed
method.

Index Terms—Discontinuous current mode (DCM), harmonic
injection, power factor correction (PFC), storage capacitor.

I. INTRODUCTION

OWER factor correction (PFC) converters have been

widely used in ac—dc power conversions to achieve high
power factor (PF) and low harmonic distortion. The methods of
achieving PFC can be classified into active and passive types.
Generally, compared with passive PFC converters, active PFC
converters can achieve a higher PF and a smaller size, especially
at high power levels with input voltage of very low frequency
(e.g., 50 Hz or 60 Hz) [1].

In a PFC converter, the input power is pulsating while the
output power is constant. So, a storage capacitor with large
capacitance is required for balancing the instantaneous power
difference. The storage capacitor could be reduced by distorting
the input current to some extent, and the “optimal input current”
corresponding to different PF was given, which is complex for
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precise implementation [2]. An approximate circuit realization
method was proposed in [3]. Injecting the third harmonics into
the input current could also reduce the storage capacitor [4].
Lamar et al. [5] defined a precise method to distort the input
current in order to obtain a certain PF. Actually, the approaches
proposed in [3]-[5] are that the reference signal of the input cur-
rent is adjusted from the sinusoidal shape to the nonsinusoidal
one, which is suitable for PFC converters with both voltage and
current loop control.

Discontinuous current mode (DCM) boost PFC converter fea-
tures zero-current turn-on for the switch and no reverse recovery
of diode, and it operates in constant switching frequency, which
is benefit for designing the inductor and electromagnetic inter-
ference filter. Meanwhile, the control is simple and the cost is
low. A simplified design approach and the conduction boundary
for DCM boost PFC converter were analyzed in [6] and [7],
and the analysis of the interleaved DCM boost PFC converter
was presented in [8] and [9]. The main drawback is that the PF
is not so high, especially at high input voltage [10]. The input
current of a DCM boost PFC converter mainly contains the third
harmonic that has the initial phase of 7 in respect of the funda-
mental component. Therefore, compared to the PFC converter
with unity PF, DCM boost PFC converter not only has lower PF,
but also needs larger output storage capacitor. Some techniques
for PF improvement of DCM boost PFC converter have been
proposed in [11]-[22]. In [22], it showed that the control not
only improves the PF to near unity, but also reduces the input
power pulsation to some extent. This paper presents the further
work of [22].

The objective of this paper is to propose a method of reduc-
ing the storage capacitor for the DCM boost PFC converter with
input voltage range of 90-264 V,.. Section II analyzes the in-
put current harmonics of a DCM boost PFC converter and its
effect on the input power pulsation. In Section III, the concept
of the variable duty cycle control is presented to inject the third
harmonic with initial phase of 0 in respect of the fundamental
component. The normalized amplitudes of the third harmonic
with the base of the fundamental component can be controlled
to any value between 0 and 1, depending on the requirements
of the regulation standards such as IEC 61000-3-2 Class D or
Energy Star. The proposed method can achieve storage capaci-
tor reduction of 63% over the constant duty cycle control, when
the harmonic specification of IEC 61000-3-2 Class D is met. A
method of fitting the duty cycle is further proposed for simpli-
fying the circuit implementation. In Section IV, the comparison
between the proposed fitting variable duty cycle control and
the traditional constant duty cycle control is made in terms of
the input current harmonics, output voltage ripple, and inductor

0885-8993/$26.00 © 2011 IEEE
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Fig. 1. Main circuit of the boost PFC converter.
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Fig. 2. Inductor current waveform in a switching cycle.

design. A 120-W prototype has been built and tested, and the
experimental results are presented in Section V.

II. INPUT CURRENT HARMONICS OF A DCM BOOST
PFC CONVERTER

Fig. 1 shows the main circuit of the boost PFC converter.
Fig. 2 shows the inductor current waveform in a switching cycle
when the converter operates at DCM.

The input voltage is defined as

Uin(t) = ‘/m sin wt (1)

where V), is the amplitude of the input voltage and w is the
angular frequency of the input voltage.

During a line cycle, when the duty cycle is constant, assuming
the efficiency of the converter is 100%, the average input current
tin, the duty cycle D,,, and the PF are expressed as [22]

i (t) _ V;an sin wt (2)
2L fe 1=V, [sinwt]/V,

_ L 27TLbfsPo
Dy = Vin \/f(;r (sin® wt/(1 — Vi, |sinwt|/V,))d (wt) ©)
PF — V2/m [ (sin® wt/(1 = Vi, [sinwt|/V,))d (wt) @

VI (sinwt/(1 =V, [sinwt]/V,))? d (wt)

where V, is the output voltage, P, is the output power, and f;
is the switching frequency.

For the simplicity of analysis, the average input current
i () is normalized with the base of (V,, D /2Ly f,)(1/(1 —
(Vin/V,))), and the normalized input current i, (¢) is plotted in
Fig. 3. As seen, the shape of the average input current is only
dependent on V;,,/V,, and the smaller the V,,,/V,,, the closer to
sinusoidal the current shape, which has been clearly explained
in [22].

According to (4), when the output voltage is set to 400 V, the
input PF can be plotted as the solid line shown in Fig. 4. It can
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Fig. 4. PF comparison between constant and variable duty cycle control.

be seen that PF reduces when the input voltage increases. The
PF is only 0.865 at the highest voltage of 264 V..

By Fourier analysis, the harmonics of the input current can
be obtained as

oo

iin(t) = %) + Z [a, cos(nwt) + by, sin(nwt)]  (5)
n=1
where
) Thine
a, = / iin (t) cos (nwt)d (wt) (n =0,1,2,...)
,Iiino 0
2 Tine
b, = / iin (t) sin (nwt)d (wt) (n =1,2,3...) (6)
rfline 0

where Ti;,. is the period of the input voltage.

Substituting (2) into (5), the harmonics of the input current can
be figured out, in which the cosine part and even the sinusoidal
part are zero. The normalized amplitudes of the third, fifth, and
seventh harmonics to the base of the fundamental component
are plotted as the curves 6, 2, and 5 shown in Fig. 5. It should be
noted that the negative amplitude means that the corresponding
harmonic has an initial phase of 7 in respect of the fundamental
component. As can be seen, the input current mainly contains
the third harmonic with such a phase of 7. The higher the input
voltage, the higher the third harmonic.
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Fig. 5. Normalized amplitudes of the third, fifth, and seventh harmonics.

III. EFFECT OF THE THIRD HARMONIC CURRENT ON INPUT
POWER PULSATION

When PFC is achieved, the fundamental input current é;,,; is
in phase with the input voltage v, i.e.,

tin1 = 17 sinwt (7)

where I, is the amplitude of the fundamental component.
The instantaneous input power of the fundamental component
is

Pin1 = Uiniinl = Vm -[1 SiHQ wt. (8)

If the input current contains the third harmonic with the initial
phase of 0 in respect of the fundamental component, this third
harmonic current can be expressed as

ting = I3 sin 3wt 9)

where I3 is the amplitude of the third harmonic current.
The instantaneous input power resulted by this third harmonic

current is
Pin3 = Uiniinf‘, = ‘/m Ig sin wt sin 3wt. (10)

If the third harmonic current has the initial phase of 7 in
respect of the fundamental component, this third harmonic and
its instantaneous input power can be expressed as

(1)
12)

Z.in3J'r = I3 sin (wt - 7T)

Pin3_r = Vintin3_x = — Vi I3 sinwt sin 3wt.

Fig. 6 shows the waveforms of vy, %iy1, Pin1» ¢in3s Pin3» tin3 s
Dins_r- The dashed area in the waveform of p;,; represents the
energy the storage capacitor needs to charge or discharge when
the input PF is unity. During the interval of [T1i,¢/8, 3T1in/8], the
third harmonic with initial phase of 7 increases the pulsation
of the input power. On the contrary, the third harmonic with
initial phase of 0 could reduce the input power pulsation, and as
a consequence, the storage capacitor can be reduced. Whatever
the phase of the third harmonic is, it will reduce the PF. The
input current harmonics of IEC 61000-3-2 is the absolute value,
regardless of the initial phase. Therefore, the third harmonic
with initial phase of 0 could be injected into the input current to
reduce the storage capacitor.
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While the third harmonic with initial phase of 0 is injected
into the input current, the input current can be expressed as

iin (t) = I sinwt + I3 sin 3wt = I; (sinwt + I3 sin 3wt)
(13)
where I3 is the normalized amplitude of the third harmonic with
the base of fundamental component.
Meanwhile, the PF is

1
VI+LZ
The injected third harmonic should meet some regulation
standards. For instance, according to IEC 61000-3-2 Class D,

for 230-V,. and 120-V,, grid, the rate of third harmonic to the
input power should meet the following equations, respectively:

PF = (14)

L LI »
5o <34x10°3, 15
P, 305, =A< 10 (152)
L LI B

_ <1 4% 1073 |
B oo < LT6x 8410 (15b)

From (15), I5 .« = 0.718 is obtained.

For Energy Star, the PF should be higher than 0.9; then
I3 o = 0.484 [23].

Assuming the efficiency of the converter is 100%, i.e., the
average input power equals the output power, then

1 ™
Rn - Po - - / Vin (t)zlll(t)d (Wt)
™ Jo
I Vin I
= 7/ Vi sinwt - I (sinwt + I3 sin 3wt) dwt = L.
™ Jo 2
(16)
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duty cycle control and variable duty cycle control.

From (1), (13), and (16), the normalized instantaneous input
power is derived as

in t bin t . . * s
% = 2sinwt (sinwt + I3 sin 3wt) .
’ (17)
‘When the DCM boost PFC converter is operated with constant
duty cycle control, from (1)—(3), the normalized instantaneous

input power is derived as

Vin (t)iin (t)
F,

p;knj (t) =

p?n,l (t) =

B sin? wt/(1 — a|sinwt|) (18)
© (/7)) (sin?wt/(1 - alsinwt]))d (wt)
where a = V,,,/V,.

According to (17) and (18), the normalized instantaneous in-
put powers with constant and variable duty cycle control in a half
line cycle are depicted in Fig. 7. When p} () > 1, the storage
capacitor C,, is charged, and when p};, (t) < 1, C, is discharged.
The energy discharging C', (which equals the charged energy)
in a half line cycle with constant duty cycle control and variable
duty cycle control are

2 [L—p, ®)]dt

AET - (ﬂine/Q) (19a)
c_2f Lm0 at
AE; = Tine/2) (19b)

respectively, where ¢; and ¢, are the time instants when p};, (¢)
crosses 1 with constant duty cycle control and variable duty
cycle control, respectively.

AFE{ and AE; can be also expressed as

(1/2)Co (Vo +(AVo1/2))* — (1/2)Co (Vo — (AVL1/2))°

AE} ~

Poz-iille/2
200‘/0 : Av;l
— _— o0 2
Poﬂinc ( Oa)
AE: ~ W2)C0(Vo+(AVis/2))* = (1/2)Co (Vo = (AVo2/2))*
27 Poz-iine/2
2 -A

Po 71linc
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where AV,; and AV,, are the output voltage ripple with
constant duty cycle control and variable duty cycle control,
respectively.

From (19) and (20), AV,; and AV, are derived as

2P, [1' [1—pr ()] dt

AVy = v (21a)
2P, [ [1—pr ()] dt
A‘/;Q _ fU [C ‘fm,‘z( )] . (21b)

According to (14) and (21), and the specifications of the
converter which will be given in Section VI, the curves of PF
and output voltage ripple can be plotted in Fig. 8. As seen, with
constant duty cycle control, the output voltage ripple is 6.7 V
when the input voltage is 264 V,.. In compliance with IEC
61000-3-2 Class D, the maximum injected third harmonic is
I3 = 0.718, and thus PF = 0.81, and the output voltage ripple
is 2.5 V, which is 37% of that with constant duty cycle control.
In other words, if the maximum output voltage ripple is the
same, the storage capacitor can be reduced to 37% of that with
constant duty cycle control. As for Energy Star specification of
PF = 0.9, I; = 0.484, and the output voltage ripple is 2.9 V.
That is to say, the storage capacitor can be reduced to 43% while
obtaining the same output voltage ripple.

IV. INJECTING THIRD HARMONIC WITH INITIAL
PHASE OF ZERO

A. Ideal Duty Cycle
According to (13) and (16), the input current injected with

the third harmonic with initial phase of 0 can be expressed as

o

(22)

iin (t) = (sinwt 4 I3 sin 3wt) .

m

From (2) and (22), in order to inject such a third harmonic
into the input current, the duty cycle is

D, = Dyy/(1 — afsinwt]) (1 + 315 - 4ljsin’ wt) (23

where a = V,,/V,, Dy = 2v/L, [s Py [ Vi -
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B. Fitting Duty Cycle

The duty cycle expressed in (23) is very complicated to be
implemented because several multipliers, divider, and square
root extractor are needed. It is necessary to seek a function that
fits (23), and it is more easily implemented.

Defining y = |sin wt]|, (23) can be rewritten as

D, = Doy/(1—ay) (1+3L; - 4Ly?).  (24)

Based on Taylor’s series, a function can be expanded around
a point in the domain. So (24) can be expressed as

V(L= ayo)(1+ 313 — 4L;y5)
1205ay2 — 815yy — a(l + 313)
2¢/(1 —ayo)(1 + 3L — ALy3)

(y—wo)+-

(25)
where ) is the expanded point.
Reserving only the constant and the first derivative item, (25)
is approximated as

a(1+ 313) + 815y — 1215ay]

D =D |1-— -
= T (U 3L) — a (L + 315) yo — ALjayd”
(26)

where

2(1+313) —a(l+3) y — 4l;ay}
2¢/(1—ayo) (1+3I; — 4543)

The selection of g is very important to make the fitting duty

cycle be accurate to the original duty cycle. Taking PF = 0.9 as
an example and I; = 0.484, then (26) is
y> . @

Substituting (27) into (2) leads to, as shown (28), at the bottom
of this page.

And the average input power is, as shown (29), at the bottom
of this page.

D, = D,

 2.45a + 3.8Ty — 5.81lay]
4.90 — 2.45ay) — 1.94ay]

.Dy_ﬁt - D1 (1
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Fig. 9. Surface of the input PF as the functions of a and ¥ .

From (28) and (29), the PF is calculated, as shown (30), at
the bottom of this page.

The PF is depicted in Fig. 9 according to (30). It can be seen
that the surface of PF and the surface of “0.9” have an intersec-
tion line. As the input voltage ranges from 90 to 264 V,., the
corresponding @ ranges from 0.32t0 0.93. Fora =0.32 and a =
0.93 in the line, the value of y; is 0.78 and 0.8, respectively. Sub-
stituting yo = 0.78 into (30), the PF is higher than 0.9 over the
whole input voltage range, which will be given in Section V-A.
If yp is selected as 0.8, then PF = 0.891 with a = 0.32 can be
obtained through calculation. So yy is selected to be 0.78.

Substituting yo = 0.78 into (27), the fitting duty cycle is
expressed as

3—11a .
Dy_ﬁt = .D1 (]. — m |Sll’lwt|>

3‘/:) - 1~1V;r1,

_p, (12 m g . 1
! ( 49V, — 2.8V, |Sm‘*’t> G

C. Implementation of the Control Circuit

The control circuit can be implemented as shown in Fig. 10.
The rectified input voltage is sensed through a voltage divider

_ V,,D? sinwt (1 — ((2.45a + 3.87yo — 5.81ayg)/(4.90 — 2.45ay, — 1.94ay3)) \sinwt|)2

‘in t) = p 28
i (1) 2Ly fs 1 —a|sinwt]| (28)
1 Tiine /2
-Pin - Po - —/ Vin (T iin t)dt
ﬂine/Z 0 ( ) ( )
V2D? [ (sin®wt) (1 — ((2.45a + 3.8Tyy — 5.81ay?)/(4.90 — 2.45ay, — 1.94ayd)) |sinwt|)”
= / - d(wt). (29)
2Ly fs Jo 1 —a|sinwt]|
B P,
PF = mn — in

Vin_rmsLn_rms

(V) Vi \ () (Tine 2)) [ (i ()2t

2T Jo ((sin® wt(1 — ((2.45a + 3.87yy — 5.81ayd)/(4.90 — 2.45ay, — 1.94ayy))|sinwt|)?)/(1 — a - [sinwt|))d(wt)
\/fo7T ((sin? wt(1 — ((2.45a + 3.87yy — 5.81ay])/4.90 — 2.45ay, — 1.94ayd)|sinwt|)*)/(1 — a|sinwt|)?)d(wt)
(30)
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composed of Ry and Ry, and v4 = ky,V}, [sinwt|, where k4
is the voltage sensor gain. R3, Dy, C1, and Ry are the circuit to
obtain the peak value of the rectified input voltage, i.e., vg =
kyg-Vin . Please note that here R3 is used to limit the charging
current of C1, and it is very small compared to R4. The output
voltage is sensed through a voltage divider composed of Ry
and R, and the voltage sensor gain is purposely set to 1.94k,;
thus, ver1 = 1.94k,,V,. So the output of the Multiplier 1 is
v = 1.94k,, V, [sinwt|. The output voltage is sensed through
a voltage divider composed of Ry and R;7, and the voltage
sensor gain is purposely set to 1.29k,,, 50 Vorp = 1.29ky, V.
Letting Rigs = 2.8Ri5, Ri3 = Rig, Ry = 3.44R,,,
Ry = Ry1, Rigp = 041Ry, and R; = Rg, then v, =
kye(49V, — 28V,), v, = kw[49V, — 28V, — 3V,
— 1.1V,,)|sinwt|]. The output voltage is regulated through
the error amplifier, and the sensed output voltage through
a voltage divider composed of Ryy and Rp; compares with
the reference voltage V,,. Here, V,, is set at 5.1 V, and
the output voltage sense gain is set at 1/78.43, i.e., Ry =
77.43R21. Ry and Cy form the compensation network and
Uy = VEA. Uy, vy and v, are sent to the multiplier, and vp =
vpa(l—((3V, — 1.1V,,)/(4.9V, — 2.8V},,))|sinwt|). vp is
sent to the pulse width modulation (PWM) comparator and
compared with the saw-tooth carrier, and the output of the PWM
comparator determines the duty cycle, which varies as expressed
in (31), where vg 4 and the amplitude of the saw-tooth deter-
mine the coefficient D;. The components’ values are listed in

Control circuit of the storage capacitor-less DCM boost PFC converter.

Table I, where the no-nominal resistance is replaced by series
or parallel resistors in practice.

V. PERFORMANCE COMPARISON

A. PF and the Input Current Harmonics

Substitution of yy = 0.78 into (30), the input PF with the
fitting duty cycle control is plotted as the dashed line shown in
Fig. 4. According to (5) and (28), the normalized amplitudes
of the third, fifth, and seventh harmonics to the base of the
fundamental component are plotted as the curves 1, 3, and 4
shown in Fig. 5. From the two figures, it can be seen that the
PF is almost 0.9 over the whole input voltage range. The input
current also contains a little fifth and seventh harmonics because
the fitting duty cycle is adopted instead of the ideal one.

B. Reduction of the Output Voltage Ripple

When the fitting variable duty cycle control is employed, from
(1), (28), and (29), the normalized instantaneous input power is,
as shown (32), at the bottom of this page.

According to the specifications of the converter, which will
be given in Section VI, AV,; and AV, can be figured out
according to (18), (21), and (32), as shown in Fig. 11. It can be
seen that when the input voltage is 264 V., the output voltage
ripple is 6.7 V with the constant duty cycle and 2.75 V with the

% Vin t Z.in t
Pin_2 (t) = %

=l

(sin® wt/(1 — a|sinwt])) (1 — ((3V, [sinwt| — 1.1V}, |sinwt|)/(4.9V, — 2.8V, )))? .
((sin® wt(1 — ((3V, [sinwt| — 1.1V}, |sinwt|)/(4.9V, — 2.8V;,)))?) /(1 — asinwt))d (wt)

(32)
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TABLE I
COMPONENTS VALUE OF THE CONTROL CIRCUIT

R, R> Ry R4 Rs Rs R; Rg Ry Rio Ry R
10 kQ 490 kQ 1kQ 1 MQ 490 kQ 20 kQ 10 kQ 10 kQ 15 kQ 6.2 kQ 15 kQ 2.4kQ
Ry; R4 Rs Ry Ry; Rig Ry Ry Ry Ry C C,
10 kQ 8.2kQ 3.9kQ 490 kQ 13 kQ 11 kQ 10 kQ 820 kQ 10.6 kQ 10 kQ 1 uF 73

90 133 177 220 264
V"J /ﬁ

Fig. 11.  Output voltage ripple with constant duty cycle control and variable
duty cycle control.

fitting duty cycle control. If the maximum output voltage ripple
is the same, the storage capacitor can be reduced to 41% of that
with constant duty cycle control.

C. Design of the Inductor

In order to ensure the converter operates in DCM, the follow-

ing condition should be met [22]:
D,V,/(V, =V, |sinwt]) < 1. (33)

Substituting (3) into (33), the critical boost inductor with
constant duty cycle control is obtained as

2 T
< L0
- 2nP,fs 0

sin® wt

dwt). (34

1 — a|sinwt|

Equation (29) can be rewritten, as shown (35), at the bottom
of this page.

Substituting (35) into (31) leads to, as shown (36), at the
bottom of this page.

Substituting (36) into (33), the critical boost inductor with
variable duty cycle control is derived, as shown (37), at the
bottom of this page.

variable duty cycle control
----- constant duty cycle control

0 -
90 133 177 220 264
Vi N2

Fig. 12.  Critical inductors over the input voltage range.

2.5

2.0N

!LFFZ_rn;.\- (A)
1.0~ :
: ! f.hl_irm.\'(A)
0.5 = = :
90 133 177 220 264
VN2

Fig. 13. RMS value of the inductor current with constant duty cycle and

variable duty cycle control.

If 032 < a < 0.795, then 3 — 1.1a)/(4.9 — 2.8a) > a,

the minimum value of (37) occurs at |sinwt| = 0, and the
critical inductance is, as shown (38a), at the bottom of the next
page.

I 0.795 < a < 0.93, then 3 — 1.1a)/(4.9 — 2.8a) < a, the
minimum value of (37) occurs at |sinwt| = 1, and the critical
inductance is, as shown (38b), at the bottom of the next page.

o i 27TLbfsP0
b= Vin \/f(;T ((sin? wt)(1 — ((3 — 1.1a) /(4.9 — 2.8a)) [sinwt|)2 /(1 — a |sinwt|))d (wt) %)
Dy s = (V2rLyfs Py /Vy) (1 — ((3—1.1a)/(4.9 — 2.8a)) [sin wt|) . (36)
' \/fo7r ((sin® wt)(1 — ((3 — 1.1a)/(4.9 — 2.8a)) |sinwt|)? /(1 — a|sinwt|))d (wi)
(V2 /27 P, fs) foﬂ ((sinwt)?(1 — ((3 — 1.1a) /(4.9 — 2.8a)) |sinwt|)? /(1 — a - \sinwt|))d(wt). 37

Ly <

(1—((3—1.1a)/(4.9 — 2.8a)) |sinwt|)* (1/(1 — a |sin wt|))*
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Fig. 14.
(c) 264 V.
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(b) (c)

Experimental waveforms of input voltage, input current, inductor current, and output voltage with constant duty cycle control: (a) 176 V; (b) 220 V;

 Vin' [300 V/div]
in: [1.5 A/div]
v

[200 V/div]
in: [1.5 A/div]
J

irs: [3 Addiv]

v, [10 Vidiv]

e ——— ——————.

Time: [2 ms/div] Time: [2 ms/div]

Tham

S

| Time: [2 ms/div]

(a)

Fig. 15.
(c) 264 V.

According to the specifications of the converter, which will
be given in Section VI, the critical boost inductor over the input
voltage range with constant duty cycle control and fitting duty
cycle control are depicted in Fig. 12, from which we choose
Ly =80 pH and Lys = 70 pH.

The rms value of the inductor current in a line cycle is [22]

l]no

V, D sin? wt dt.
3(V, — Vm |sin wt|)
(39)
Substituting (3) and L;; = 80 pH into (39), and substituting
(36) and Ly» = 70 pH into (39), the rms value of the inductor
current 17,1 _ms With constant duty cycle control and 17,59 _yms
with variable duty cycle control can be obtained. The curves of
Irp1 rms and Ippo s are plotted in Fig. 13. As seen, I1,2_ s
is little higher than I, 5. The increased rms current is due
to the decrement of the inductor and increment of current ripple
accordingly. Thus, the conduction loss of the switch and diode
is little increased, leading to a slightly lower efficiency.

Vm T

ILb_rms =
T‘hnc

(b) ©

Experimental waveforms of input voltage, input current, inductor current, and output voltage with variable duty cycle control: (a) 176 V; (b) 220 V;

VI. EXPERIMENTAL VERIFICATION

In order to verify the validity of the proposed variable duty
cycle control, a prototype has been built and tested in the labo-
ratory. The specifications of the prototype are as follows:

1) input voltage v;,, = 90-264 V,./50 Hz;

2) output voltage V, = 400 VDC;

3) output power P, = 120 W;

4) switching frequency f; = 100 kHz.

The power stage consists of the following devices and
components:

1) input rectifier bridge RB: GBU406 (600 V, 4 A);

2) power switch Q: FCIT1IN60 (600 V, 11 A);

3) boost diode Dy: STTHSLO6D (600 V, 8 A);

4) boostinductor: 80 H (constant duty cycle control), 70 uH

(variable duty cycle control);

5) output filter capacitor: C, = 220 uF;

6) control IC: UC3525 A.

A small LC filter is added at the input side to attenuate the
high-frequency current ripple, and the parameters of the LC
filter are as follows:

2 ™ (sinwt)? (1 — ((3 — 1.1a) /(4.9 — 2.8a)) |sin wt|)?
Ly = (V2 /21, f5) [y ((sinwt)*(1 — ((3 — 1.1a)/(4.9 — 2.8a)) |sinwt|)? /(1 — a \sinwt|))d(wt). (38b)

(1—((3-1.1a)

/(4.9 —-28a)))/(1 —a))?


PELS TECH
Highlight


YAO et al.: REDUCING STORAGE CAPACITOR OF A DCM BOOST PFC CONVERTER

1.05

—e— constant duty cycle control
—&— variable duty cycle control

85 H H H H H H H H
90 110 130 150 170 190 210 230 250 270

Input voltage (V)
Fig. 16. Measured PF.
8.0 - : = ; - -
—e— constant duty cycle control :
= 7.0 —=— variable duty cycle control
o P
S L
5 :
E‘ H H
S !
20 : : : : : : H H
90 110 130 150 170 190 210 230 250 270
Input voltage (V)
Fig. 17.  Measured output voltage ripple.
99
98 |-
SXus
&
5 9
]
= 95|
m : i i i i : i
¥ rerveenihn... —#— constant duty cycle control |
b : i —m— variable duty cycle control
03 : : : d : 7 : ;
90 110 130 150 170 190 210 230 250 270
Input voltage (V)
Fig. 18. Measured efficiency.

1) input filter inductor: Ly, = 230 pH;

2) input filter capacitor: C},, = 0.22 pF.

Figs. 14 and 15 show the experimental waveforms of the
input voltage, input current, boost inductor current, and output
voltage with constant duty cycle and variable duty cycle control
at 90 V,, 220 V,, and 264 V. input, respectively.

Figs. 16 and 17 show the measured input PF and output volt-
age ripple curve over the input voltage range, respectively, from
which it can be seen that PF is almost 0.9 in the whole input
voltage range and the output voltage ripple is greatly reduced.
Fig. 18 shows the efficiency comparison; as seen, the efficiency
is little decreased with variable duty cycle control. The experi-
mental results agree well with the analysis.
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VII. CONCLUSION

When the duty cycle is constant in a line cycle, the input cur-
rent of DCM boost PFC converter contains the third harmonic
with the initial phase of 7 in respect of the fundamental com-
ponent. Consequently, the input PF is low, and a large storage
capacitor is needed. A variable duty cycle control is proposed
in this paper to make the input current contain only the third
harmonic with the initial phase of zero. The proposed method
greatly reduces the storage capacitor over the constant duty cy-
cle control, while complying the regulation standards such as
IEC 61000-3-2 Class D and Energy Star. A method of fitting
the duty cycle is further proposed for simplifying the circuit im-
plementation. The experimental results from a 120-W universal
input prototype are given to verify the effectiveness of the pro-
posed method. The proposed method is a tradeoff between the
PF and the capacitor size. It is also a try so that the long lifetime
capacitors such as film capacitor could be adopted in place of
electrolytic capacitor.
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