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Abstract—A buck power factor correction (PFC) converter is
widely used in low-power applications for its high efficiency in the
entire universal input voltage range. However, because of the in-
herent dead zone, the input power factor (PF) is not high. A buck
PFC converter operating in a discontinuous conduction mode is
introduced. When the duty cycle is constant during the line cycle,
the input current contains a large amount of negative third har-
monic, especially at a low input voltage. By proposing an optimum
third harmonic injection during the nondead zone and its control
implementation, a higher PF and a lower output voltage ripple
within the entire universal input voltage range are achieved. The
experimental verifications are carried out on a 120-W prototype
with universal input.

Index Terms—Discontinuous conduction mode (DCM), opti-
mum third current harmonic, power factor correction (PFC).

I. INTRODUCTION

LECTRONIC and electrical devices are widely used in
E production and daily life, and accompanying with the im-
provement and convenience, also comes a harmonic pollution,
which results in several problems such as voltage distortion,
heating, noise, etc. So, various kinds of power factor correction
(PFC) techniques are proposed to reduce the harmonics and
meet the regulation standards [1], [2].

Buck, boost, flyback, etc. can be used as a PFC converter. The
Buck topology is chosen in low-power applications for its high
efficiency in universal input, especially at a low line input [3]-
[8]. Moreover, a Buck converter gains a low dc output voltage,
a low voltage stress of the switch clamped to a line voltage, and
an electrolytic capacitor with a low voltage rating [9]-[11].

A buck PFC converter has large harmonics distortions and
a low input power factor (PF) for it cannot regulate an input
current into a pure sinusoid due to its inherent dead zone. Some
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methods with different operation modes are proposed to improve
the performance of the Buck PFC converter. Huber et al. [6]
present a very significant optimization, design-oriented analysis,
and performance evaluation on a clamped-current buck PFC
converter. Wu et al. [10] analyze the constant on-time control
of a critical conduction mode (CRM) buck converter, which
reduces the input current harmonics and improves PF; Xie et al.
[11] add an auxiliary switch and two diodes so as to eliminate the
dead zone; Zeng and Zang [12] obtain a higher PF and efficiency
within the whole universal input voltage range by optimizing the
peak current reference; Wu et al. [13] introduce a variable on-
time controller into a CRM Buck PFC front-end converter in
high-brightness light-emitting diode applications to reduce the
current harmonics and meet the limitations of a lighting system;
Lu and Ki [14] put forward a light-load power loss reduction
scheme and analyzes an example of a Buck PFC and Buck—
Boost dc/dc single-stage converter; Ohnuma and Itoh [15] adopt
an active buffer with a small capacitor for power decoupling in
a Buck PFC converter and achieves a low output voltage ripple
and a high PF; For an interleaved Buck PFC converter, Yang
et al. [16] investigate a DSP implementation of the adaptive
slope compensation in a clamping current mode control. Yao
et al. [17] propose a variable duty cycle control scheme for
discontinuous conduction mode (DCM) Boost PFC converter to
make the input current contain only the third harmonic in phase
with the fundamental component.

This paper introduces a Buck PFC converter working in a
DCM. By analyzing its operation principle, it is clear that the
form of the input current with a constant duty cycle control is
as the same as a sinusoidal function subtracted by a constant
value, which can be called sinusoidal current control (SCC).
The Fourier analysis shows that the negative third harmonic
accounts for the most part of harmonics of SCC. Thus, a method
of an optimum third current harmonic control (OTCHC) and its
implementation is proposed to reduce current distortions and
improve PE. Section II analyzes the working principle of the
DCM Buck PFC converter and deduces the input current and
PF in detail. Section III proposes the OTCHC and specifies
the control implementation. Section IV compares the proposed
OTCHC with SCC in terms of PF, harmonics, output voltage
ripple, as well as peak and root-mean-square (RMS) value of
inductor current. Section V shows the design example and the
experimental results.

See http://www.ieee.org/publications_standards/publications/rights/index.html for more intormation.
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Fig. 1. Power circuit of a Buck PFC converter.
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Fig. 2. Equivalent circuits. (a) Switching pattern 1 (b) Switching pattern 2

(c) Switching pattern 3.
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Fig. 3.  Waveform of inductor and switch current in a switching cycle.

II. WORKING PRINCIPLE OF DCM BucK PFC CONVERTER

Fig. 1 shows the power circuit of a Buck PFC converter, where
V, is the output voltage. The input voltage and the rectified
voltage v, can be defined, respectively, as

V., sinwt (D)
Vin |sin wt| 2)

Vin =
Ug =

where V,,, and w are the amplitude and angular frequency of the
input voltage, respectively.

The Buck converter has three kinds of switching patterns
during one switching cycle when the inductor current works in
a DCM. The corresponding equivalent circuits, the waveform
of the inductor, and switch currents in a switching cycle are
depicted in Figs. 2 and 3.
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1) Switching Pattern 1
As shown in Fig. 2(a), when Q is ON, L, C,,, and Ry 4 conduct,
and the KVL equation is
vy — Ldig /dt =V,. 3)
Then, the rising slope of the inductor current is derived as
dip/dt = (vy —V,)/ L. 4)
When Q turns OFF, the inductor current reaches its peak value,
which is
iL,pk = (Vm |sinwt| — V;,) DQ/Lfs (5)
where Dy is the duty cycle and f; is the switching frequency.
2) Switching Pattern 2

As shown in Fig. 2(b), when Q is off, L, C,, Ryq4, and D
conduct, and the KVL equation is

Vo + Ldig,/dt = 0. (6)
Thus, the falling slope of the inductor current is
dip/dt = -V, /L. (7)

The inductor current reaches zero before Q turns on again in
the next switching cycle, and the corresponding duty cycle of
this falling period is

Dp = Z?/p‘;Lf = (V,, [sinwt| = V,) Do/ V. (8)
3) Switching Pattern 3
The inductor current is zero during this period, and the output
load is supplied only by the output capacitor. The corresponding
equivalent circuit is shown in Fig. 2(c).
From above, the average current of the switch in a switching
cycle can be expressed as

' 1. (Vy Isinwt| — V,) D2
1Q.av = §ZL—kaQ = 2Lf 2 . (9)
During [0, 7], the input current can be given directly as
iy = iQ,av- (10)

The Buck converter works when v, is higher than V/,. Thus,
the input current in half of a line cycle is

0 0<wt<b
. _ ) D3V, inwt| — 1
i = ¢ DVolalsinet| = 1)\, aD
2L fs
0 T—0<wt<m

where a = V},,/V,,and § = arcsin(1/a).

According to the aforementioned analysis, when Dy is con-
stant in half of a line cycle, the switch current waveform as well
as its peak and average value are shown in Fig. 4.

The average input power and the input PF can be written as

1 ¥

P, = L / T (12)
™ Jo
Pin L in 'ind t

pp— Do _ )y tmidet (13)

1
S ﬁvm Iinjms
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Fig. 4. Switching current waveform in half of a line cycle.
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Fig. 5. Relationship between input PF and a.

where [i), 15 is the RMS value of the input current.
Substitution of (1) and (11) into (12) yields

Viu Df)
" onLf,

m—0
/ sinwt (V,, |sinwt| — V,) dwt.  (14)
0

Assuming that the efficiency of the converter is 100%, the
duty cycle is

2nLf, P,
D =\ [ o a
Vi [y sinwt (V,, [sinwt| — V,) dwt
Combining (11) and (15) yields
Z'in
0 O<wt<b
7T7;1'P0 (Vi |sinwt| — V) f<wt<m_g-
Vi [ sinwt (Vy, [sinwt| — V,,) dwt

0 T—0<wt<m
(16)

Using (13) and (16) leads to

\/gf;rie sinwt (a [sinwt| — 1) dwt
PF = .
\/f;r_e (a|sinwt| — 1)*dwt

Fig. 5 shows the input PF obtained from (17). It can be seen
that PF increases with a. PF is only 0.895 when a = 90v2
/80. Therefore, it is necessary to put forward a new method to
improve PF.

a7
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Fig. 6. Normalized amplitudes of the third, fifth, and seventh harmonics of
SCC.

III. OPTIMUM THIRD CURRENT HARMONIC TO IMPROVE
POWER FACTOR

A. Proposal of OTCHC

In order to get a higher PF during the universal input, the
harmonics should be analyzed first. By Fourier analysis, the
input current harmonics can be expressed as

2 [T .
I, = ;/ iin - sinnwtdwt (n = 1,3,5,...). (18)
0

The normalized amplitudes of the third, fifth, and seventh har-
monics to the base of the fundamental component are depicted
in Fig. 6. As shown in (11), during [f, 7 — 6], the input current
is in form as the same as a sinusoidal function subtracted by a
constant value, however, there is no input current during [0, 6]
and [r — 0, 7]. Therefore, the third, fifth, seventh, and higher
order harmonics are produced when the input current is ana-
lyzed by the Fourier equation. From Fig. 6, the negative third
one covers the most part of harmonics. Hence, during [0, 7 — 6],
if the current is introduced with some amounts of the positive
third harmonic subtracted by a constant value, as shown in (19),
the harmonic will be reduced and PF will be improved

Z.in
0 O<wt <0
I [(sinwt — sin )
+I; (sin3wt —sin36)] O <wt<m—0
0 T—0<wt<m

(19)

where I; is the amplitude of the fundamental component, and
I3 is the normalized amplitude of the third harmonic.
Substitution of (1) and (19) into (12) leads to

o VmII

By,
47

27 — 46 — 2sin 20 — 313 (2sin 260 + sin46)].
(20)
Assuming that the efficiency of the converter is 100%, i.e.,
P, = P,, thus, we can get I; as

47 P,

Vo [2m — 460 — 28in 20 — 313 (2sin 260 + sin 46)]
(21)

I =



YAO et al.: OPTIMUM THIRD CURRENT HARMONIC DURING NONDEAD ZONE AND ITS CONTROL IMPLEMENTATION

1.2 [; =04 :
/=03 oo /N
09 | I V=02 gy
S : PR
peah N
. o A el Y
i o6 |1 T 4..\‘4\...;4...//... SR
Ii§ /o e ,/ A
e : AN
03 ," ....... \,, ........... |..|\
‘l'. : \-f’/ :
00 0 /4 /2 3n/4 T
wt

Fig. 7. Input currents with different values of I3 in half of a line cycle.

Substitution of (1), (19), and (21) into (13) yields

1
PF =

. . . . 2 '
m—0 (sin wt—sin 0)4I; (sin 3wt —sin 36)
2\/271’ f@ |:271'74072 sin 20 —31; (2 sin 26 +sin 46) dwt

(22)

Fig. 7 shows the input currents with different values of I3

under a 220 VAC input voltage. It can be seen that the input

current gets a local minimum at /2, which is different along

with the change of I3. It should be noted that the input current
during [0, 7] should be no less than zero, i.e.

I Ksmg _ sin 9) VI (sin 37” _sin 39)} >0, (23)

Then
1
(1+2sin6)*

*

I < 24)
According to the parameters of the converter given in Section
V, the range of I is

0< I <0.49. (25)

The input PF is depicted in Fig. 8 according to (22), where PF
is variable and dependent on a and /3. Differentiating (22) with
respect to I; and setting it to zero, the relationship between the
optimum /3 and 6 can be expressed as (26) shown at the bottom
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Fig. 8.  Relationship between input PF and @ as well as 3. (a) Surface of PF
as a function of @ and I;. (b) Curves of PF at different I3 for a certain value
of a.
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Fig. 9. Relationship between optimum /3 and a.

Defining y = |sinwt|, (27) can be expressed as

of this page. 2Lf, I,
From (26) and §# = arcsin(1/a), Fig. 9 can be depicted. Do = %
Combining (11) and (19), in order to obtain such an input ’
current, the duty cycle should be variable as \/ (V=L + L, yB—42) -1 (3-%))
[2L1.T -1
Dy = /| ——
Vo (28)
([sinwt| —sin @) + I3, (sin 3wt| — sin 30) Expanded by the Taylor series at the deployment point of y
' alsin(wt)| — 1 : and capturing the first two items, (28) can be written as
(27) DQ-approx ~ DO . (1 - My) (29)
I 4sin 0 sin 30(m — 20)° + % sin 6 cos 0 (13sin®0 — 6sin*0 — 1) (7 — 20)+ 3sin”26 (14sin*6 — 17)

Pty (cos 60 — 2) (m — 20)° + 4sin 260 (2 — 17sin®6 + 26sin*6 — 8sin0) (7 — 20) + 2sin’20 (37 — 76sin’0 + 36sin*0)

(26)
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Fig. 10.  PF surface and curves (a) Surface of PF as a function of a and yg
(b) Input PF with different y, for different a.

where Dy and M can be obtained as

OLF.1
Dy =/ ‘J;l

(403 00 — 302 L5, — a2 + 2ayo L o)’
a’ [a2 (1 + 3I§.0pt - 4y31§.0pt) - 4I§_opt (1+ ayo)]

(30)

4ayo I + 2al3
M — . y02 3_opt . 3-opt . ) (31)
(1 + 313_0pt) a® — (413_0pt + 2ayOI3_0pt)

From (1), (11), (13), and (29), the input PF can be derived as

o VR sint(a ine] = 1)1 = M fin])*dar

VIT (alsinwt] — 1?1 - M Jsinwt])* dot

(32)

Fig. 10(a) shows the surface of the input PF according to (32)

and Fig. 10(b) shows PF with different 3, and a. It can be clearly

seen that when vy ¢ = 0.937, there comes the highest PF for
each a.

Substitution of ¥y opy = 0.937 and (26) into (31) leads to a

complex mathematical expression, and to simplify the analysis,
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Fig. 11. Relationship between M and a.

the expression is plotted in Fig. 11. A further analysis reveals
that the relationship between M and a is similar to an inverse
proportional function as

k1
a+k2

where k; = 1.446 and ky = 0.536.
Thus, D¢ can be rewritten as
s |sinwt>

D, (1— F
a—+

b + kaVy — KV, [sin(wt
= D (VI a 2“;0 H;‘;;lsm(w )>. (34)

According to (1), (11), (12), and (34), we can get

My = (33)

D gy =

VmDZ T—0
P,= P, = 27rLf,15. /0 [sinwt - (V,, [sinwt| — V)
Vi + k2 Vi, — k1 V, |sin(wt)] \?
: dwt. 35
(e s

Thus, the expression of D; can be derived as (36) shown at
bottom of this page.

The relative errors between (27), (29), and (34) are defined
as

Dq — Dq_approx

AE, = (37)
Dq
AFE, = M (38)
Dq

Combining (27), (29)—(31), (34) and (37)—(38), Fig. 12 can
be plotted. It indicates that the maximum error is about 10%
and it occurs at the junction point of the dead zone and the
nondead zone, around which the input power accounts for a little
proportion of the whole transmitted power. And, the minimum
error is near zero and takes place at 7 /2, around which the input
power occupies the majority of the power. Therefore, the control

2rLf, D,

D =

) 3
Vin f;% sinwt - (V,, [sinwt| — V) (V’"' ko Yo k1 Ve ‘Sm(m)‘> dwt

(36)

Vm + kQ Vo
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Fig. 12.  Relative error between duty cycles.

error between the ideal duty cycle and the fitted one is small and
acceptable.

B. Implementation of Control Circuit

Fig. 13 shows the control circuit schematic. R; and Ry com-
pose a voltage divider with a voltage ratio k, to sense the rec-
tified input voltage v,, so vy = ks V;, |sinwt|. The circuit con-
sists of Dy, (', R3, and Ry is used to obtain the peak value of
v4,1.e.,vp = ksV,,. R; and Rs compose a voltage divider to
sense the output voltage, and the voltage sensor ratio is delib-
erately set to make v,y = 1.446kV,.Let Rjg = Ry, R7 =
0.371 Ry; and Ry = 0.742 Rg, then vy = ky(V,, + koV,).
Let ng = R13 = R14 = R15,then vp = ks(Vm +k2‘/o -
k1 V, |sinwt|). The voltage divider consists of Ry, R17 samples
v, to compare with V¢, Rys and Cy compose the compensation
network, and vgy is the output of the error amplifier. vp, vga,
and vy, are connected with v, , v, and v,  respectively,andvp =
vEA (Vi + ko V, — k1 V,[sinwt]) / (Vi + k2V,), which is sent
to the pulse width modulation control IC UC3525A and com-
pared with the sawtooth wave. In this way, the duty cycle in
(35) can be realized and the coefficient D; is determined by
vpa and the amplitude of the sawtooth. It should be noted that
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Fig. 13.  Control circuit schematic.

the output capacitance has a big influence on the effect of the
proposed method, for a higher ripple voltage follows as a result
of decreasing capacitance.

IV. PERFORMANCE COMPARISON
A. Comparison of Input PF and Current Harmonics

Combining (11), (34), and (36) yields the expression of the
input current as (39) shown at the bottom of this page.

According to (16) and (39), the theoretical input current wave-
forms of the converter of SCC and OTCHC at 90, 176, and
264 VAC input voltages are depicted in Fig. 14.

Substituting (33) into (32), the input PF of OTCHC can be
obtained, as depicted in Fig. 15, which also shows the PF curve
of SCC from Fig. 5. Obviously, OTCHC achieves a higher PF
than SCC.

According to (11), (18), and (39), the normalized amplitudes
of the third, fifth, and seventh harmonics to the base of the

0
7P, (Vi [sinwt| — V) (1 -

O<wt<b
hmmwmy

iin = ‘/;rLk+‘f2|V;) ( t)| 3 0 S wt S T—0 (39)
-0 . . 1V, Jsin(w
Vin t- (Vin t—V,) (1 - =22 dwt
fe sinwt - (V,, [sin wt| ) < T ) B
0 T—0<wt<m
o= Vinfin msinwt (V;, [sinwt| — V,)
! B fgﬂﬂg sinwt (V,, [sinwt| — V,) dwt
* Uiniin
Pin2 = P (40a)
o
_ rsinwt - (V,, [sinwt| — V,) (Vi + ko V, — k1 V, |sinwt|)? (40b)

sinwt -

0,
Jo,

(Vi Isinwt| — V,) (Vo + k2 V,, — k1 V, |sinwt|)*d wt
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Fig. 14.  Theoretical input current waveforms.
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Fig. 15.  Input PF of converter of OTCHC and SCC.
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Fig. 16. Normalized amplitudes of the third, fifth, and seventh harmonics of
OTCHC.

fundamental component are depicted in Fig. 16. Comparing
Fig. 16 with Fig. 6, it is clear that the third harmonic is greatly
reduced within the entire input voltage range, and the fifth and
seventh harmonics are increased.

B. Comparison of Output Voltage Ripple

From (1), (16), and (39), the normalized instantaneous input
power of SCC and OTCHC can be expressed as equation (40a)
and (40b) as shown at previous page.

Under a 90 VAC input voltage, (40a) and (40b), shown at
the bottom of the previous page, can be plotted in half of a
line cycle, as shown in Fig. 17. The output capacitor is used to
balance the difference between the instantaneous input power
and output power. When p;;, > 1, the storage capacitor C,, is
charged, and when p}, <1, C, is discharged. ¢; and ¢;, are
the time instants when p, | and pj, , crosses 1 for SCC and
OTCHC, respectively. The normalized energy discharging C,

IEEE TRANSACTIONS ON POWER ELECTRONICS, VOL. 32, NO. 12, DECEMBER 2017
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Fig. 18.  Curves of output voltage ripples.

equals the charged energy in half of a line cycle. The relationship
between the crossing time instants and V,,, are shown in (41)

5 4
wt; = —4.551-10712. (V’”> +4.44-1077 . (V’”)

V2 V2
V, 3 V. 2
~1.723-10°9 . <m +3.345 - 1074 . m
ﬁ) V2
-3.29-107% - <Y/§) +2.1571 (41a)
Vi \° o\
th = —7.881- 10712 . (’”’ +7.79 - 1079 . m
V2 V2
V, 3 V. 2
—3.048-107° - < +5.902-107" - [ —=
\/§> V2
—5.644-107 - (‘\;’é) +2.8617. (41b)

The output voltage ripples of SCC and OTCHC are derived
as

2P, [1'(1 — P ,)dt

A‘/;l _ fO g % 111,1) (423)
2P, [*(1— Py ,)dt

A‘/;;Q _ f(] g V 1n,2) (42b)

Fig. 18 shows AV,; and AV,, according to (42) and the
parameters of the converter. It can be seen that a lower voltage
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90 133 177
Vm /\/5 (V)

Fig. 19.  Critical inductances of OTCHC and SCC.

ripple of the converter of OTCHC is realized under each input
voltage, compared with that of SCC.

C. Comparison of Critical Inductance and Inductor Current

From Fig. 3, DCM means that the inductor current reduces to
zero before Q turns ON. So to work in DCM, a PFC converter
must meet a condition listed below

DQ + Dp < 1. 43)

According to (8), (15), (34), and (36), the critical inductances
of SCC and OTCHC are obtained, respectively, as

V2 [ sinwt (V, [sinwt] = V,,) dwt

Ly < 3
27 fs P, Vy, (|sin wt])

(44a)

Ly <

‘/02 971‘76 sin wt - (‘/m ‘SIH(JJ“ — ‘/0) (1 _ Mﬁt |Slnwt\)2dwt
27 f P,V |sin wt|* (1 — My, |sinwt|)?

(44b)

So the critical inductances of SCC and OTCHC can be derived
as (45a) and (45b) shown at bottom of this page.

Fig. 19 shows the critical inductances of SCC and OTCHC ac-
cording to (45) and the converter parameters, which shows that
both critical inductances are nearly 34 ;/H. The following analy-
sis and experimental prototype choose L1 = Ly = 25 uH out
of consideration for a margin.

According to (5), (15), (34), and (36), the peak values of
inductor currents of SCC and OTCHC under different input
voltages can be depicted in Fig. 20, which shows that OTCHC
obtains a lower value around 7/2 and a higher value around 6
and ™ — 6.
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Fig. 20.  Peak values of inductor currents of SCC and OTCHC.
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Fig. 21.  RMS values of inductor currents of OTCHC and SCC.

The RMS value of the inductor current in a switching cy-
cle and in half of a line cycle can be expressed, respectively,

as
: I
LLbarms — f/o Z%bdt
D3V, |sinwt| (V,, [sinwt| — VO)2
=4/ =2 > (46)
3L £V,
Tline

2 2

J— / i? L dt
L \/ﬂille 0 Lrms

dwt

1 [0 D%Vm [sin wt| (V,,, |sinwt| — VO)2
E/o 3L2 f2V,

(47)

Substituting (15) where Ly = 25 uH, (34) and (36) where
Ly = 25 uH into (47), respectively, the RMS value of the

1% gﬂ_e sinwt (V,,, [sinwt| — V,) dwt

L= -2
' 27 fo Py Vi

8MZ V2 f;ie sinwt - (V;, |sinwt| — V) (1 — Mg, |sinwt|)*duwt

(45a)

Mgy > 0.5

Tr.fSPO Vm

V2 f;ie sinwt - (V,, |sinwt| — V,) (1 — Mg |sinwt|)*dwt

(45b)
Mg < 0.5

QWfsPOV;n(l - Jw'ﬁt)2
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Fig. 22.  Experimental waveforms of input voltage, input current, inductor current, and output voltage ripple of SCC (a) 90 VAC (b) 176 VAC (c) 264 VAC.
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Fig. 23.  Experimental waveforms of input voltage, input current, inductor current, and output voltage ripple of OTCHC. (a) 90 VAC. (b) 176 VAC. (c) 264 VAC.

inductor current can be obtained, as shown in Fig. 21, which
shows that OTCHC achieves a slightly lower value under each
input voltage.

V. DESIGN EXAMPLE AND EXPERIMENTAL RESULTS

A DCM Buck PFC converter prototype has been built
and tested to verify the validity of the proposed control
method. The parameters are as follows: input voltage: vy, =
90-264 VAC/ 50 Hz; output voltage: V, = 80 VDC; output
power: P, = 120 W; switching frequency: f; = 100 kHz;
Buck inductor: L; = Ly = 25 uH; output filter capacitor
C, = 2460 uF.

The experimental waveforms of vy, ¢, ¢, and v, at a 90,
176, and 264 VAC input voltage are shown in Figs. 22 and 23,
respectively, for both methods. It is clear that the input current
is not sinusoidal because of the dead zone and a higher input
voltage means a smaller dead zone. The peak and RMS value of
the input current decrease with the increase of the input voltage,
whereas it is the opposite for the inductor current. Compared
with SCC, OTCHC changes the input current waveform during
[0, ™ — 0], and thus, improves PF. The output voltage ripple of
the converter of OTCHC is reduced compared with that of SCC.

The experimental results accord with that in Figs. 14, 18, and
20.

The recorded PF is shown in Fig. 24. As seen, OTCHC real-
izes a higher PF, and PF increases with the input voltage.

The tested output voltage ripple is shown in Fig. 25, which
obviously shows that a larger input voltage results in a lower
ripple and the ripple of the converter of OTCHC is reduced
compared with that of SCC.

oggb ¢ i T :
90 110 130 150 170 190 210 230 250 270
V2
Fig. 24.  Experimental results of PF.
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Fig. 25.  Experimental results of output voltage ripple.

Fig. 26 depicts the measured efficiency curves, which indi-
cates that the efficiency of the converter of OTCHC is slightly
higher than that of SCC. The reason is as follows. From the
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Fig. 26.  Experimental results of efficiency.
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Theoretical and experimental results of third, fifth, and seventh

curves of the inductor current’s peak value illustrated in Fig. 20,
it can be judged that OTCHC gains a lower value around /2
and a higher value around 6 and 7 — 6, as far as the turn-OFF loss
of the switch and the core loss of the inductor are concerned.
Furthermore, it can be seen from Fig. 21 that OTCHC brings
about a lower RMS value of the inductor current, compared with
that of SCC, thus, the conduction loss is reduced.

Fig. 27 shows the experimental results of the third, fifth, and
seventh input current harmonics at 176, 220, and 264 input
voltages of both SCC and OTCHC, and the theoretical values
got from (18) and (39). It can be seen that the IEC 61000-3-2
Class D standard is met and OTCHC greatly reduces the third
harmonic, and increases the fifth and seventh harmonics.

VI. CONCLUSION

This paper proposes a kind of OTCHC for a DCM Buck
PFC converter. The input current, PF, harmonics, output voltage
ripple, and the peak and RMS value of the inductor have been
deeply analyzed. The experimental results from a 120 W univer-
sal input example prove the accuracy of theoretical analysis and
the applicability of the proposal method. Compared with SCC,
the proposed control method obtains a larger PF and a lower
output voltage ripple within the entire universal input voltage
range.
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