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Single-Stage Soft-Switching AC-DC Converter
With Input-Current Shaping for Universal
Line Applications

Yen-Ming Liu and Lon-Kou Chang, Member, IEEE

Abstract—In this paper, a novel single-stage soft-switching
ac—dc converter for universal line applications is presented. Unlike
the conventional single-stage designs, the proposed input-current
shaping scheme is intentionally arranged to be charged in the
duty-off time. With this design, the switch current stress in the
duty-on time is significantly reduced. Meanwhile, this design pro-
duces ac modulation effect on the charging time of the boost
inductor so that the input ¢ —v curve drawn by the proposed con-
verter has nearly linear relationship. Moreover, an active-clamp
flyback—forward topology is used as the downstream dc—dc cell to
alleviate voltage stress across the bulk capacitor. By deactivating
the flyback subconverter and keeping the forward subconverter
supplying the output power at light-load condition, the bulk-
capacitor voltage can be alleviated effectively and guaranteed
below 450 V in wide ranges of output load and line input
(90-265 V,m,s). Experimental results, obtained from a prototype
circuit with 20-V/100-W output, have verified that three achieve-
ments can be obtained simultaneously, including the compliance
with the line-current harmonic regulations, the reliable alleviation
of the bulk-capacitor voltage stress, and the substantially pro-
moted conversion efficiency.

Index Terms—AC-DC converter, input-current shaping (ICS),
single stage, soft switching.

I. INTRODUCTION

WING TO the growing concern about the harmonic pol-

lution of power conversion equipment and the adoption
of agency standards such as IEC 61000-3-2, it becomes im-
perative to embed a function of power factor correction (PFC)
or input-current shaping (ICS) in ac—dc converters. Therefore,
many studies have examined the relevant issues, and numerous
topologies have been proposed [1]-[18]. The most common
approach is of two-stage circuit configuration [1]-[3]. In this
method, a boost-type converter is employed at the front end to
force the line current to track the line voltage. This PFC stage is
then followed by a dc—dc converter to provide isolation and the
desired regulated output voltage. However, this type of design
increases the circuit complexity and cost since the separate PFC
stage needs additional components and control circuits. This
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Fig. 1. Functional block diagram of a typical single-stage ac—dc converter.

drawback is undesired in low-power applications, for which
circuit complexity and cost are often the dominant concerns.

To reduce the component count and the cost, many feasible
single-stage ac—dc converters have been proposed [4]-[17].
With the consideration of the input current quality and output
regulation, this type of converter contains two primary circuit
parts, as shown in Fig. 1. Those are a boost-type ICS cell
and an isolated dc—dc cell. They share the same power switch
while saving an active switch and a PFC controller. Only a
pulsewidth-modulation (PWM) controller is needed for regulat-
ing the output voltage. Additionally, an internal bulk capacitor
C} is used to handle the instantaneous difference between the
varying input power and a constant output power. Because the
bulk capacitor is sufficiently large, the bulk-capacitor voltage
V4 can keep in the condition with small ripple. Thus, the
switch duty ratio is almost constant during a half line cycle in
the steady state, and the line current can automatically track
the line voltage by operating the boost inductor in discon-
tinuous conduction mode (DCM). This design concept is
namely the voltage-follower PFC technique [2] or the self-PFC
property [3].

Moreover, for the dc—dc regulator circuit, working in the
continuous conduction mode (CCM) is usually the preferred
mode of operation due to the lower turn-off loss and smaller
current stress on the semiconductor devices. Therefore, the
combination of a DCM ICS cell and a CCM dc—dc cell is the
primary selection for single-stage ac—dc converters. However,
the approach has an undesirable feature: The bulk-capacitor
voltage arises while the load becomes light. This is due to the
average power imbalance between the input and output [12].
It is worth mentioning that an excessively high V3 might be
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Fig. 2. Proposed single-stage soft-switching ac—dc converter.
produced at high line and light-load operation, which makes the
single-stage designs impractical for the applications that require
a universal input voltage of 90-265 V ,,s [11], [12]. To alleviate
high bulk-capacitor voltage stress, different methods have been
presented [8]-[14]. It is believed that the approach of operating
the dc—dc cell in DCM is the most effective and simplest since
the addition of extra coupled winding or external circuits is not
needed [8], [9]. In this scheme, when the output power de-
creases, the duty ratio automatically decreases. Consequently,
the input power decreases too, and V}, is independent of load
variation [8]. However, the resulting high rms current requires
a high-current-rating switch and reduces the conversion effi-
ciency, as compared with the CCM dc—dc design. This feature
is particularly unfavorable for low-voltage high-current output
applications. Furthermore, for the single-stage designs, there is
another unavoidable problem. Since the ICS and dc—dc cells are
driven by one common switch, both the boost-inductor current
and the transformer current simultaneously flow through the
switch in the duty-on time. As a result, the switch current stress
is relatively high, and more power loss will be introduced too.
In this paper, a novel single-stage ac—dc converter with
the configuration shown in Fig. 2 is proposed. The proposed
topology is derived from an active-clamp flyback—forward con-
verter plus few additional components for ICS. Through the
cooperation of the auxiliary winding Ny, two special functions
are provided. First, the boost inductor Ly is charged in the duty-
off time; therefore, the current stress on the main switch .S is
alleviated. Second, in conventional single-stage converters with
boost-type ICS cells, the input line current, composed of the
average charging and discharging currents of the boost inductor,
has quadratic relation to the input line voltage. In the proposed
design, the charging time of the boost inductor is designed to
be inversely modulated by the instantaneous line voltage, so
that the input ¢:—v curve of the average charging current of
the boost inductor can compensate the quadratic deformation
presented in the input :—v curve of the average discharging
current. Hence, the line current has the waveform that is
analogous to the line-voltage waveform. Moreover, the flyback
and forward subconverters are designed to operate in CCM
and DCM, respectively. The design objective is to deactivate
the flyback subconverter and keep the forward subconverter
providing the output power when the converter operates in

light-load condition. With the proper arrangement of circuit
parameters, the input power can adequately decrease so that the
bulk-capacitor voltage alleviation effect can be obtained. The
proposed converter is built and tested with 20-V/100-W output.
Experimental results show that the bulk-capacitor voltage can
be held below 427 V at 265-V s line input in a wide range of
output load. Furthermore, the maximum efficiency at full load
is 91.3%, and the measured line-current harmonics satisfy the
IEC 61000-3-2 Class D requirements.

II. PROPOSED CONVERTER
A. Circuit Configuration

The proposed converter, shown in Fig. 2, is derived from
a center-tapped flyback—forward converter with the addition
of the auxiliary circuit. The auxiliary circuit forms the ICS
cell, and the center-tapped flyback—forward converter forms
the dc—dc cell. In the proposed converter, a multiwinding
transformer 7', is employed. It includes four windings N, Na,
N3, and N4 with turn numbers ny, ne, n3, and ng4, respectively,
and the primary magnetizing inductance L,,. As marked by
the shaded area in Fig. 2, the ICS circuit, consisting of the
rectifier diode D1, boost inductor Lj, and auxiliary winding
Ny, is inserted between the full-bridge rectifier D, and the
bulk capacitor Cj. The purpose of this circuit is to force the
boost-inductor current to be discontinuous and ac modulated
to achieve inherent PFC. The diode D; is used to provide
fast rectification and prevent the filter capacitor Cj, from
being charged by the reverse current of 71;. Different from the
conventional ICS schemes, bulk capacitor Cj, is intentionally
connected to the undotted end of winding N;. Through the
winding N; with enough large turns, the coupled voltage
—V, - n1/ny4 across winding Ny can force to charge L; during
the duty-off time. Therefore, the current stress of the main
switch S; can be reduced.

The ICS cell is then followed by an active-clamp
flyback—forward circuit which provides isolation and postregu-
lation function. The capacitors Cj, and C, are used for filtering
and energy storage. C). represents the sum of the parasitic ca-
pacitances contributed by main switch S; and auxiliary switch
So. L, represents the sum of the transformer leakage inductance
and an external inductor, which forms a series resonant circuit
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with C,. to enable soft-switching function. The resonant induc-
tor L., the clamping capacitor C,, and the auxiliary switch S,
form the main part of the active-clamp circuit for limiting the
turn-off voltage spike of S;. The combined structure of flyback
and forward circuits using a center-tapped transformer ensures
that the energy can be always transferred to the load, irrespec-
tive of the state of main switch S;. In addition, the flyback
subconverter is designed to operate in CCM for providing a
reflected voltage vy from the output voltage during the duty-
off time. The forward subconverter is designed to operate in
DCM all the time even in light-load condition when the flyback
subconverter is inactive. Furthermore, the control circuit can
be implemented by a simple control loop, a common PWM
controller, and a driver circuit.

B. Operating Principles

To simplify the analysis, the following assumptions are
made.

1) The switching and conduction losses of the components
are neglected.

2) The rectified line voltage |v,c| is considered constant
during a switching period.

3) The bulk-capacitor voltage V} and the output capacitor
voltage V,, are ripple-free dc in each half line cycle.

4) The leakage inductances of the transformer are neglected.

In each half line cycle, the converter has two operation
modes, M; and M,, as shown in Fig. 3. In mode M, the
rectified line voltage |vac| is lower than V3, — V,, - ny /ny; thus,
diode D; is reverse biased, and no line current I, is formed. In
this circumstance, the converter simply operates as an active-
clamp flyback—forward dc—dc converter. While |v,.| is higher
than Vi, — V, - nq/ny, the converter operates in mode Mo, in
which L; can provide the voltage-boost function, and thus,
the line current is established. From the definition of operation
modes, the boundary angle 6, between modes M7 and M; can
be obtained as

0, = sin~* (Vb — Yo nl/n4) 1)
|Vac(pk)|

where \Vac(pk)\ is the peak rectified line voltage. Furthermore,
Fig. 4 shows the topological states of the converter during one
switching period. Referring to the symbol definitions, topo-

logical states, and key waveforms shown in Figs. 2, 4, and 5,
respectively, the detailed operation is explained as follows.

State 1: [Fig. 4(a), to <t < t1]

In this state, switch S is on and switch S5 is off. From KVL,
the bulk-capacitor voltage V;, equals the sum of the voltage
across resonant inductor L, and the primary winding voltage
vne. The positive voltage across winding /N, induces a positive
voltage across the secondary winding Ns. Thus, the output
inductor current flows through diode Ds, and diodes D3 and
Dy are reverse biased. Since V} is approximately constant, both
the magnetizing inductance L,, and resonant inductor L, are
linearly magnetized. The voltage and current at the transformer
primary side can be obtained as

Vo 4 n3 Vo
LT + no LO (2)

UN2,t0 = ) 5
1 e 1
I, T, T (nj) i,
. 1% n
ine(t) =ipm(to) + ]F’to (t—t0)+n—3
m 2
- -V,
ino(to) + ZN2:10 723/"2 -(t—to)) 3)
where
iLo,Mm1(to) =0 “4)
. Uno.t7 - N3/ng — V,
ino,m2(tg) = 21 L3/ 220 DT, (5)

with DT, which is equal to (tg — t7), being the duration
occupied by State 8. In this state, since the large positive voltage
presents across winding N1, no current flows through L;. Note
that the body diode of S is always cut off in mode M.

State 2: [Fig. 4(b), t1 <t < to]

At t1, Sp is turned off. The resonant capacitance C, is
charged by the transformer primary side current ¢r,.. Since
C, is very small, v, rises almost linearly from zero to V}, in a
short time.

State 3: [Fig. 4(c), to <t < t3]

At to, vo, rises to a high value that makes the primary side
voltage v 2 equal to zero. Thus, both the secondary side diodes
D5 and D3 conduct, and the output inductor current decreases
linearly. The resonant tank in this state consists of L,. and C..

State 4: [Fig. 4(d), t5 <t < t4]

At t3, vo, rises to a value making the body diode of S5
conduct. Since the clamp capacitor C, is much greater than
the resonant capacitor C,., the resonant tank is dominated by
L, and C.. Furthermore, the increase of v¢, causes iy, to
decrease. Consequently, the diode current i po keeps decreasing
until ¢po = 0, and contrarily, the diode current ¢p3 increases
until ¢ ps = i1,. Before i po decreases to zero, the primary side
voltage v 9 still keeps zero value.

State 5: [Fig. 4(e) or 4(f), t4 <t < t5]

Atty,tps = 0and ips = ir,. After time ¢4, the fast varying
current ¢, decreases to a value that is smaller than 7r,,;
thus, the winding current 79 turns to negative. According
to Ampere’s law, the winding current ¢p4 will be induced
correspondingly. The fact that diode D4 conducts results in
the voltage v 2 being clamped at —V,, - no/ny. Shortly, Ss is
turned on before iy, resonates to the negative direction; thus,
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Fig. 4. Topological states of the proposed converter. (a) State 1. (b) State 2. (c) State 3. (d) State 4. (e) State 5 for mode M. (f) State 5 for mode Ma. (g) State 6
for mode M. (h) State 6 for mode M. (i) State 7 for mode M7 . (j) State 7 for mode Ma. (k) State 8.
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Fig. 5. Steady-state waveforms of the proposed converter in (a) mode M7 and
(b) mode Ms.

zero voltage switching (ZVS) of Sy is achieved. The resonant
tank in this state is formed by L, and C... Within this state, vx1
turns to negative. If |v,c| is greater than V, — V, - ny /ny, i.e.,
in mode M, operation, the current i1, will be generated and is
given as follows:

iLb(t>=L1b(|uac<>|+ My, %)-(t—m. ©)

In such a design, the winding N; also resets a partial energy
stored in L,,, to Cy. When i1, reduces to zero, this state ends.
Meanwhile, the DCM operation of L, is achieved, and D5 and
D3 are reverse biased.

State 6: [Fig. 4(g) or 4(h), t5 <t < tg]

This circuit analysis in this state is the same as that in
State 5, except that the output inductor current is zero.

State 7: [Fig. 4(i) or 4(j), t¢ < t < t7]

At tg, Sy is turned off. C, is disconnected, and L, and
C, form a new high-frequency resonant circuit. The trans-
former primary side current ¢, resonates in the negative direc-
tion to discharge C,; therefore, v¢, decreases from v.(tg) + V4
to zero, and then, vy turns to positive. At t7, ¢1py decreases
to zero, and after that, D, becomes reverse biased. Since the
downslope of dip4/dt is determined by the resonant speed, Dy
can be designed to switch softly to reduce the rectifier switching
loss. For the mode M, case, the current i1, increases linearly
with the same slope as that expressed in (6).

State 8: [Fig. 4(k), t7 <t < tg]

At t7, the body diode of S; conducts. Shortly after time ¢7,
while the body diode of S; is conducting, S; is turned on to
achieve ZVS operation. Since |v,| is smaller than vy + Vp,
the boost-inductor current 77, linearly decreases and becomes
zero at time tg (= (). The aforementioned operation gives

. X e | — -V
in(t) = ira(ty) + 2 LN bit—t) ()
where
11 ([Vac ()| =V5) Vb n3V,
mallrect)i=te) 4 2o 4
UN1,e7(t) = i nale T (g)

2 2
Litlo 4 ;Jr na)® 1 N2
L, 77.2 Ly na L,

It should be noted that when the converter operates in mode
M7, this state does not exist.

C. Steady-State Analysis

Based on the circuit analysis of the proposed converter intro-
duced in the previous section, States 2—4 and 7 can be neglected
in the steady-state analysis because these four intervals are
very short as compared with the total switching period. By
employing the voltage-second balance across L,,, one can
obtain
VUN2,t0 - (D—Dss)—%zvo -(1=D)4vnou7 - Dsg=0 9
where Dg is defined as (tg — t7)/Ts. Similarly, by employing
the voltage-second balance across L, and neglecting the small
oscillation term of V., one can obtain

n
(Vo —vn2,i0) - (D — Dgg) — (VC - 2Vo>

ny
-(1=D)+ (Vo —vn2,7)Dsg = 0. (10)

Also, the voltage-second balance across L; gives
n
(bl + 22V, = W) - (1= D)
Ny
n1
+ |Vac‘ - @VNZH —Vy |- Dgg=0. (11)

In mode M, since D,g does not exist, the duty ratio in mode
My, Dys1, can be obtained from (9)
Vo

Dy = .
UN2,0 - Na/n2 +V,

(12)

According to (11), the time function of D.g is obtained as
‘VaC(t>|+%Vo—VE>
L N7 (8) Vo — [Vac (2)]

Adding (9) to (10), the clamp-capacitor voltage can be ob-
tained by

Dys(t)= - (1-Daa(t)).  (13)

(14)
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According to (10) and (13), the clamp-capacitor voltage in
mode M> can be further expressed as

Vac(t)| + 1V, — V;
vosrs) = [ 120, g O+ Ve o
’ o Hun27(t) + Vo — [Vac(t)]
Vi
“(Un2,10(t) — vz (t)) b (15)
VN2t

Thus, from (14) and (15), the time function of the duty ratio in
mode M5 is given by

DM2 (t) o Ve, M2 (t)

=ty 16
‘/b'i'VC,MQ(t) ( )

III. DESIGN CONSIDERATIONS

The design specifications of the proposed converter are given
as follows: the input voltage range V,. = 90-265 V5, output
voltage V, = 20 V, rated output power P, =100 W, and
switching frequency fs = 100 kHz. To obtain higher conver-
sion efficiency, the duty ratio range is designed from 0.15 to
0.4. The conversion efficiency 7 is assumed to be 0.85.

With the consideration of the voltage limitation of com-
mercially available electrolytic capacitors, the maximum bulk-
capacitor voltage is needed to be kept below 450 V. Moreover,
according to the empirical rule, the moderate value of Vj
usually ranges between 1.1 and 1.2 times as high as V).
However, when V,. = 265 V5, the possible maximum value
of V}, equals 265 x V2 x 1.2 = 449.7, and the value is very
close to 450 V. Therefore, in the following design, the target
maximum value of V4, Vp mas, is chosen to be 1.15 times
as high as V,¢pk) at 265-Vyys line input. To ensure that the
proposed converter operates properly, the circuit parameters
including ns/ns, ne/ng, n1/ng, Ly, Ly, Lo, and Ly are
determined as follows.

A. Determining the Turns Ratio na/ng

Let L,, > L,; thus, the voltage vy o is approximated to be
V4. To ensure the DCM operation for the forward subconverter,
the primary-to-secondary turns ratio ns/ns should satisfy the
following condition:

@ ‘/b,min D max

17
- V. a7

B. Determining the Turns Ratio na /1y

The proposed converter is designed to operate the forward
subconverter in DCM and flyback subconverter in CCM. With
this design, the bulk voltage can be easily alleviated in the
worse case, i.e., the high line input with light-load condition, by
deactivating the flyback subconverter. The aforesaid function
can be achieved by manipulating the voltage of C.. In the
high line with the light-load case, since D becomes smaller,
lower V, and vy will be formed. Thus, the induced voltage
across N4, —V4, can be designed to be insufficient to forward

bias D, so that the flyback subconverter is inactive. Based on
the aforementioned concept, the following condition must be
satisfied:

‘/c,min : 714/712 < Vo~ (18)
By substituting (14) into (18), the ratio of na/n4 can be found

T2 VE) max Dmin
22 _ Tomax . 19
Ty % 1-— Dmin ( )

C. Determining the Turns Ratio ny/ng

The design objective of determining ni/ny is to find its
minimum value with which the input current harmonics can
meet the [EC 61000-3-2 Class D requirements. According to
(1), the selection of nq/ny is equivalent to the selection of the
boundary angle. Thus, the design objective becomes finding
the maximum acceptable boundary angle. Since IEC 61000-3-2
Class D gives the requirements of the acceptable harmonics,
each input current harmonic should be computed to find the
maximum acceptable boundary angle. Since the line current
is an analogous sinusoid waveform, the line current during
[0, ™ — O3] can be expressed as

(W) = e (g) - sin ((wt —0h) - = _”2 Hb) (20)

where w is the angular frequency of the line voltage. Thus,
the nth harmonic component I,, can be calculated by Fourier
analysis

T — 20, T
Inzi"ac (*
s ‘ 2)

1

.{[sin ((n — 1)m—nby) —sin(ny)] (n—1)r —2n6,

. 1 1
—[sin ((n + 1)m—nby) —sin(nby)]- m }

2

wheren =1,3,5...39.

Consider the Class D regulations that are defined as the ratios
of the current harmonics to fundamental-frequency component,
I,,/11, as long as the output power is determined and no phase
displacement exists between the line current and voltage. From
(21), we can obtain the normalized value of each harmonic as a
function of the boundary angle, as shown in Fig. 6. Fig. 6 shows
that the most critical harmonic is the fifth one for complying
with the Class D requirements since its acceptable boundary
angle is smaller than all the others. Therefore, the maximum
allowable boundary angle is 1.005 rad (= 57.58°). Next, the
turns ratio n; /n4 can be obtained by rearranging (1)

ﬂ B Vb - ‘/ac(pk) sin 0},

(22)

Uz Vo

In the proposed converter, a higher line-input voltage causes
a larger boundary angle. Thus, we must make sure that the
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design satisfies the requirements of the Class D, specifically at
the nominal high line input, which is 230 V,,s. Substituting
Vo = 1.15 - Vye(pk) into (22), we obtain ny/ng = 4.97 when
Vac = 230 Vs and 6, = 1.005 rad. In other words, 11 /ng =
4.97 is the boundary complying with Class D limits.

D. Determining the Resonant Inductor L,

According to the operating principle of State 7, to ensure the
ZVS turn-on for S, the energy stored in the resonant inductor
L, must be greater than the energy stored in the resonant
capacitor C,.. Thus, for the given C,. contributed by the parasitic
capacitances of .S; and S, the following relationship should be
guaranteed:

2
Or : (Vb,max + %Vo>

(isl,Ml(tG))Z

L, > (23)

E. Determining the Transformer Primary Magnetizing
Inductance L,,

With the design consideration that the flyback subconverter is
inactive at high line and light-load condition, the output power

473

provided by the flyback subconverter at 265 V.5 and full-load
situation is designed to be lower than P,/2. Meanwhile, this
subconverter is designed to always operate in CCM at full load.
Thus, the inductance L,, must satisfy (24), shown at the bottom
of the page.

FE. Determining the Output Inductor L,

According to energy conservation and the design consid-
eration of L,,, the output power provided by the forward
subconverter at 265 V.5 should be greater than P, /2. To fulfill
this design and ensure that L, always operates in DCM, the
following relationship should be guaranteed:

2
- Vo) ’
n 1—Dmax
s Vo (07)

_ _naV, 1 1
75 D (L + Lr)

Lm ns
Vi max :
( bmax T g

min

F,

D2 T,
L, < min Zmin=s"

Vo, min 25
I

G. Determining the Boost Inductor Ly,

To achieve the self-PFC property, the boost inductor must
operate in DCM over the entire half line cycle. Thus, the design
must satisfy the condition of Dsg < D in the whole half line
cycle. Since the critical boundary condition of CCM and DCM
occurs at the lowest peak input voltage, the maximum boost
inductance [(26), shown at the bottom of the page] can be
determined from (13).

Based on (17)—(26), we choose the desired circuit para-
meters as follows: the turns of ny/na/n3/ng = 35/24/9/7,
L, =15 puH, L,, = 329 uH, L, = 20 pH, and L, = 105 pH.
Additionally, the determination of C is similar to that of the
conventional active-clamp flyback converter, and we select C.
to be 0.6 uF. The determination of C}, depends on the desired
hold-up time, and the corresponding curves have been drawn
in [18]. Inspecting those curves, C} can be chosen as 300 uF
so that 20-ms hold-up time of the proposed converter can be
reached.

(z2v.)

Ly, > 24)
Vb, max Vo Dmin | n: ]
ny -2 T—Doin “riv,? _ni . VO'(lVac,pk"‘r%Vu_Vb,lnax) . P,
Uz L, ng Ly (1_Dmin)2Tsn
n 1—Dmax n
,,T; . ( DmI:j ) . (Vac(pk),min - Vb,min + ﬁ%)
Lb,max = 2 (26)
Vb, min naV, no . ny L,.+L ns 1
L. + nsz T 1 Duox Vac(pk),min - ‘/b,rnln + 774‘/0(1 - Dmax) LTTLWZTL + o T,
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Fig. 7. Duty-on duration change of S1 and the boost-inductor current change

relating to the load change.

IV. MECHANISM FOR SUPPRESSING BULK-CAPACITOR
VOLTAGE STRESS

To clarify the mechanism for alleviating bulk-capacitor volt-
age stress in the proposed converter, the analysis of the boost-
inductor currents at heavy load and light loads is performed
as follows. Fig. 7 shows both the duty-on duration change
of S1 and the boost-inductor current change in a switching
period relating to the load change. At the rated condition,
both the forward and flyback subconverters work normally.
Therefore, the boost inductor is charged by the voltage |Vac| +
V, - ni/ng —V, since the voltage vy is reflected from the
output side during the duty-off time, as shown by the dashed
lines of Fig. 7.

When the load decreases, the bulk-capacitor voltage in-
creases due to the power imbalance between the input and the
output. Meanwhile, the duty ratio decreases correspondingly
to keep the constant output voltage in CCM operation. When
the load decreases further, the reduced clamp-capacitor voltage
caused by the decreased duty ratio cannot induce the voltage
—vn4 higher enough to forward bias Dy. Thus, the flyback
subconverter is inactive, and only the forward subconverter
keeps supplying the output power. In this condition, the voltage
v is reflected from the clamp-capacitor voltage instead of the
output voltage. Therefore, the boost inductor is charged by
the approximate voltage |Vac| + Ve - n1/ng — Vi, as shown by
the solid lines of Fig. 7, where V. is determined by the duty
ratio, as shown in (14). Since the value of V. - ny /nq is smaller
than that of V, - nqy/ny, the solid triangle will have a small
area, and a reduced boost-inductor current is produced. With
the proper arrangement of turns ratios between N;, Na, and
Ny, the reduced quantity of input current can yield the result
that V} is alleviated at light load.

Consider that the values of V}, at full and light loads cannot
be solved analytically. Instead, we examine the change of input
power under load variation. Fig. 8 shows the variations of
instantaneous input power for different load conditions under
the assumption of constant bulk-capacitor voltage. These curves
are sketched by using the parameters obtained in Section III for
Vac =265 Vs and Vp, = 1.15 - Vi (pK)- From Fig. 8, it can
be seen that the input power always decreases as the load is

600 T T T
500 -
g Py=100 W
g
3 400} 1
o
a Po=75W
£ 300} .
2]
=
o
Q
g 200 B
< P,=50W
3
[2]
=
100 | -
0 . . . ) .
0 0.5 1 1.5 2 25 3
Line angle (rad)
Fig. 8. Variations of instantaneous input power for different loads.

reduced. After the average calculation over a half line cycle,
the ratio of change rates of the average input power to the
average output power, AP (ave) / AP, (ave)> can be obtained as
1.06 when the load is changed from P, to (3/4)P,, and the
value of AP, (ave)/ AP, (ave) is 2.55 when the load is changed
from (3/4)P, to (1/2)F,. Since the reduction of Pi,(ave) is
greater than that of P, (,c), the actual bulk-capacitor voltage
must decrease to maintain the input and output average power
balance. Meanwhile, the actual bulk-capacitor voltage has a
gradual decrease with the reduction of output load.

V. ANALYSIS OF THE LINE-CURRENT WAVEFORM

For the conventional single-stage designs with boost-type
ICS cells, the average charging current of the boost inductor
1Lb,ch(ave) Das linear relation to the instantaneous line voltage,
while the average discharging current of the boost induc-
tOr 714 dis(ave) Primarily has a quadratic characteristic against
the instantaneous line voltage. Thus, the resultant input ¢—v
characteristic curve is nonlinear, and the corresponding line
current has a deformed shape [2]. To investigate the line-
current waveform drawn by the proposed converter, the input
i—v characteristic curves are examined. As shown in Fig. 2,
since the low-pass filter L;—C'y will filter out the switching-
frequency fundamental and harmonic components of ¢y, the
rectified line current |i,.(¢)| mathematically approximates to
the average value of iy, (t) within a switching period, namely,
‘iac| = Z.Lb,ch(awe) + iLb,dis(ave)- By uSing (6), (7, (13), (15),
and (16), the expressions of i1y ch(ave) @ 21} dis(ave) Can be
given as (27) and (28), respectively, shown at the bottom of the
next page.

With the computation of (27) and (28), irp.ch(ave)
iLb,dis(ave)> and |iac| in a half line cycle can be obtained, as
shown in Fig. 9. These curves are sketched by using the parame-
ters obtained in Section III for V. = 110 Vs and V;, = 1.15 -
Vac(pk)- As shown in Fig. 9(a), the i—v curve of i1y ch(ave)
can be designed to bend convexly, while that of i gis(ave) still
bends concavely. Since these two bent curves compensate each
other, the |i,c| — |Vac| curve becomes nearly linear. The special
charging mechanism of the proposed ICS scheme is explained
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Fig. 9. Comparison of i1} ch(ave)> Lb,dis(ave), and |iac| drawn by the proposed converter in a half line cycle at 110 Vrms. (a) Currents as a function of

instantaneous line voltage. (b) Current waveforms as a function of line angle.

as follows. When |v,.(¢)| increases, the discharging voltage
across L decreases, and thus, D,g increases correspondingly.
Since the charging voltage for energy-storage inductor, i.e., L,
or L,, in the DsT;s duration is smaller than that in the (D —
Ds)Ts duration, as shown in Fig. 5(b), lower output voltage
will be formed. Under the constant output-voltage control, the
duty ratio D will increase. Therefore, the increase of |V ()]
will result in the decrease of (1 — D)T. Furthermore, the ac
modulation effect on (1 — D) makes iz ch(ave)(t) convexly
vary with |v,(t)|. The compensation produces a result in
which the second derivative 9i2./0%v,. is small and ranges
between —1.1 x 10™* and 2.2 x 10~*. This result shows that
the relationship between |i,.| and |v,.| is nearly linear and can
be expressed as

(|Vac| -V + V5 nl/n4)
Req

|iaC| =

+ negligible nonlinear terms  (29)

where R.q is the equivalent input resistance. The linear result
can be seen clearly from Fig. 9.

VI. EXPERIMENTAL RESULTS

To verify the feasibility and performance of the proposed
topology, experimental tests were performed under the speci-
fications described in Section III. The circuit components used
for the experiment are listed in Table L.

TABLE 1
COMPONENT VALUES FOR THE PROTOTYPE CIRCUIT
Component Device Description
S1, S SPATING60C3
Dy UOSA100
Dy, D3, Dy UOSA20C
Ly 105 uH
Ly 15 uH
L 329 uH
Ly 20 uH
Ny Ny N3 Ay 35:24:9:17
Cp 300 pF/450 vV
C; 780 pF
Ce 0.6 uF/400 vV
Co 2000 pF/50 V
PWM controller UC3843
High-side switch driver IR2110

Fig. 10 shows the measured waveforms of vg1, ¢51, and Vo,
from the prototype circuit operating at 110 V,,s. Experiments
have verified the soft-switching characteristic as well as the
excellent active-clamp function resulting in spike suppression
on S; while the switch turns off. Fig. 11 shows the mea-
sured line-voltage and line-current waveforms at V,. = 110 and
230 V.ms. It can be seen that the current waveform has a
near-sinusoidal shape in mode M. Fig. 12 shows that the
detailed current harmonics measured from the experimental
prototype operating in both nominal high and low line inputs
can satisfy the requirements of IEC 61000-3-2 Class D. Fig. 13

_ 1 — Do (1)) T n
izh i () = B2 () + 220, - ) @
) (uc(t)w“vo—%)z[%*fw("ff +(”3)2~;]
1_D t TS a Mg rLim na b na o
i L dis(ave) (£) = (1= Dara(t) Tz (28)

2Ly

n1 Vi

naL,

2
ninsV. L,+L n3 ) o, L[, _
nzLoO + |: [tanzn + (nz) Lo:| (‘/b
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Fig. 10. Measured waveforms of vgg1 (10 V/div), igq (2 A/div), and v,

(100 V/div) at (a) mode M and (b) mode M> (time scale: 2 us/div).
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shows that the conversion efficiency at full load is 87%-91.3%.

Fig. 14
within a
voltage)

shows that the bulk-capacitor voltages are maintained
desirable range (1.1-1.2 times as high as the peak line
for the universal line-voltage range (90-265 Vips).

Fig. 15 shows the bulk-capacitor voltages with load variation at
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265-V s line input. The measured data indicate that the max-
imum bulk-capacitor voltage is 427 V, so the commercially
available 450-V-rated capacitors can be used safely.

VII. CONCLUSION

In this paper, a novel single-stage ICS ac—dc converter
for universal line applications has been proposed based on
an active-clamp flyback—forward topology. Different from the
conventional ICS schemes, the boost inductor in the ICS cell
is charged in the duty-off time. By employing the proposed
technique, two key advantages are obtained. First, during the
duty-on time, the current stress across the main switch is allevi-
ated. Second, the effective duty ratio of the ICS cell, (1 — D),
is modulated by the instantaneous line voltage. This modulation
produces a result, a better linear relationship between the line
current and voltage through the conduction interval. Moreover,
by the intentional arrangement of deactivating the flyback sub-
converter of the dc—dc cell at light load, the voltage stress across
Cp can be alleviated effectively.

Experimental results show that the maximum bulk-capacitor
voltage is 427 V in a wide range of output load at 265-V
line input. Owing to the ability to keep V; below a desirable
value (V3 < 450 V) under wide line and load variations, the
proposed converter is suitable for the universal line-voltage
applications. Experimental results have also demonstrated the
proposed line-current correction function by a well-shaped
current waveform which meets the IEC 61000-3-2 Class D
requirements satisfactorily. Furthermore, the high conversion
efficiency has verified the effectiveness of the switch current
stress alleviation and soft-switching function.

APPENDIX

Equation (2): According to Fig. 4(a), the circuit equations
are given by

ngiNg (t) = ngiLO(t) (30)
iLr (t) = Z.Lm(t) + Z.N2 (t) (31)
dir,(t
Vi — un2,0 =L Ldt( ) (32)
difm(t)
=L
UN2,t0 C— (33)
@VNQ,tO -V, =1L, dZLO(t)~ 34)
N9 dt

Substituting (30) into (31) to replace 72 and then differentiat-
ing (31) with respect to ¢, one can obtain

d’iLT (t) diLm (t) ns diLo(t)
= — ., 35
d a Tn T dt (33)
Substituting (32)—(34) into (35) yields
Vo —vNaso  UNago | M3 ngVN2i0 = Vo
— = : —_ 36
L Lo 7 L, (36)

Rearranging (36), vy2,0 can be obtained, as shown in (2).

Equation (8): According to Fig. 4(k), the circuit equations
are given by

iy (t) =ipm(t) +ina2(t)  (37)

n1iL(t) + naina(t) = ngizo(t) (39)
onclt)] = v r(t) = vy = L, (0 (9
Vi — unaur(t) = Ly diﬁé(t) (40)

Unar(t) = LmdiLT”;(t) 1)

Z—zym,”(t) —V, =L, diLdf; ® 42)

Substituting (37) into (38) to replace 72 and then differentiat-
ing (38) with respect to ¢, one can obtain

- diry(t) g <diLr(t) - diLm(t)>

—-n diLo (t)
dt dt a ) '

dt

(43)

Substituting (39)—(42) into (43) yields
[Vac(t)| —vN1,47 () =V} Vo—vnaa7(t)  vn2er(t)
e L, R L, L.
2UN2r(t) Vo
L,

=ng - (44)
Replacing vyg,7(t) with (n2/n1) - vn147(t) and rearranging
(44), vn1,47 can be obtained, as shown in (8).

Equation (24): From Ampere’s law and Fig. 4(f), one can
obtain

—iNy = —ipp 4+ —ips = iLm — iLr- (45)
9 o
Rearranging (45), 7 p4 can be found as follows:
ipyg = — (ZLm — Ly — 1ZLb) . (46)
Ny n2

By integrating (46) through the duty-off time and then multiply-
ing (46) by V,, /T, one can obtain the output power provided by
the flyback subconverter. In the proposed converter, the output
power provided by the flyback subconverter at 265 Vs and
full-load situation is designed to be lower than P, /2. Therefore

(1-D)Ts

E/@
TS Ny

0

P,
<iLm(t) —ir(t)— Z;m,(t)) dt < b (47)

Substituting the time functions of ¢y, i1, and iz, into (47)
yields

(1-D)T.

[ A(mo-3)

VO %)

Ts Ny

. —Ve+V, - n2/nyg ny
— m(ts) — t) ==

(zL (t) 5 ) "
vacl + Vo -mu/ny — Vi

P,

tldt < 2 (48

Ly } = 2n @9
where V., = DV, /(1 — D). Equation (48) can be solved for L,,

to yield (24).
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Equation (25): In the proposed converter, the output power
provided by the forward subconverter at 265 V., is arranged
to be greater than P, /2. Therefore, one can obtain

LOI%o(pk) P,T, (49)
2 2n
where
L, n3 DT
ILo(pk) ~ (V;),mame_FLT . nig - Vo) . TO. (50)

The aforementioned approximation is considered under the
assumption of L,, > L,. Substituting (50) into (49) yields

2
_ VO)

Moreover, to ensure that L, always operates in DCM, the
following relationship should be guaranteed:

D T. s Lm ns
Lo —min_ 77 maxr . 5 = 51
= PO (Vb’ L’H’L + Lr T2 ( )

(Z%Nz’to(t) - VO) DT, <V, (1-D)T,.  (52)
2
Substituting (2) into (52) yields
Vi ng Vo,
I, T Lo n2 Vo 53)
1 1 ns 2 1 ng D’
I, T I, T (r) L,
Rearranging (53) yields
H Vo (tprms)
L, < (54)
Vb, min

noV, )
Lr B nSBmax ’ (len + 1111)
The value of L, must satisfy both the conditions of (51) and
(54); therefore, (25) can be obtained.

Equation (26): The value of inductor L; should be selected
so that the condition of Dgg < D can be satisfied in the whole
half line cycle. From (13), one can obtain

|[Vac ()| + nl V Vi

N2 (t) + Vb — [Vac(t)]

In (55), since the denominator of the left term is always greater
than zero, (55) can be rearranged as

(baclt) + 22V, ~¥) - (1= D)

(1-=D)<D. (55

< (2”N2,t7(t) + Vi) - |Vac(t)|) D. (56)

Substituting (8) into (56) and rearranging (56) yield
[Vac ()| = Vb EV —-D n2
D N4 D

ni
nl(l”ac(t)lfvb) W n3Vo
no Ly, + + naL,

2 2
Ly+Ly, 1 ng ) L
L L + (’I‘LQ) Lb + <n2> LO

Since the critical boundary condition of CCM and DCM occurs
at the lowest peak input voltage, according to (57), one can

(57)

obtain the maximum boost inductance L a4, 1.€., (26), by
applymg Vac(pk),minv ‘/b,min’ and Dmax-

REFERENCES

[1] L. H. Dixon, Jr., “High power factor preregulators for off-line power
supplies,” in Unitrode Power Supply Design Seminar Manual SEM600,
pp. 6-1-6-16, 1988.

[2] K. W. Liu and Y. L. Lin, “Current waveform distortion in power factor
correction circuits employing discontinuous-mode boost converters,” in
Proc. IEEE PESC, 1989, pp. 825-829.

[3] H. Wei and I. Batarseh, “Comparison of basic converter topologies for
power factor correction,” in Proc. IEEE PESC, 1998, pp. 348-353.

[4] C. Qian and K. M. Smedley, “A topology survey of single-stage power
factor corrector with a boost type input-current-shaper,” IEEE Trans.
Power Electron., vol. 16, no. 3, pp. 360-368, May 2001.

[5] H. Watanabe, Y. Kobayashi, Y. Sekine, M. Morikawa, and T. Ishii, “The
suppressing harmonic currents, MS (magnetic-switch) power supply,” in
Proc. IEEE INTELEC, 1995, pp. 783-790.

[6] M. Daniele, P. K. Jain, and G. Joos, “A single-stage power-factor-
corrected AC/DC converter,” IEEE Trans. Power Electron., vol. 14, no. 6,
pp. 10461055, Nov. 1999.

[7] G. W. Moon, “Novel single-stage, single-switch, AC/DC converter with

magnetic energy feedback technique for power factor correction,” Proc.

Inst. Elect. Eng.—Elect. Power Appl., vol. 146, no. 1, pp. 111-116,

Jan. 1999.

R. Redl, L. Balogh, and N. Sokal, “A new family of single-stage isolated

power-factor correctors with fast regulation of the output voltage,” in

Proc. IEEE PESC, 1994, pp. 1137-1144.

[9]1 M. J. Willers, M. G. Egan, S. Daly, and J. M. D. Murphy, “Analysis and
design of a practical discontinuous-conduction-mode BIFRED converter,”
IEEE Trans. Ind. Electron., vol. 46, no. 4, pp. 724-733, Aug. 1999.

[10] L. Huber and M. M. Jovanovic, “Single-stage single-switch input-current-
shaping technique with fast-output-voltage regulation,” IEEE Trans.
Power Electron., vol. 13, no. 3, pp. 476-486, May 1998.

[11] M. M. Jovanovic, D. M. Tsang, and F. C. Lee, “Reduction of voltage
stress in integrated high-quality rectifier-regulators by variable-frequency
control,” in Proc. IEEE APEC, 1994, pp. 569-575.

[12] J. Qian, Q. Zhao, and F. C. Lee, “Single-stage single-switch power-factor-
correction AC/DC converters with DC-bus voltage feedback for universal
line applications,” IEEE Trans. Power Electron., vol. 13, no. 6, pp. 1079—
1088, Nov. 1998.

[13] J. Y. Lee and M. J. Youn, “A single-stage power-factor-correction con-
verter with simple link voltage suppressing circuit (LVSC),” IEEE Trans.
Ind. Electron., vol. 48, no. 3, pp. 572-584, Jun. 2001.

[14] J. Y. Lee, “Single-stage AC/DC converter with input-current dead-zone
control for wide input voltage ranges,” IEEE Trans. Ind. Electron., vol. 54,
no. 2, pp. 724-732, Apr. 2007.

[15] J. A. Villarejo, J. Sebastian, F. Soto, and E. de Jodar, “Optimizing the de-
sign of single-stage power-factor correctors,” IEEE Trans. Ind. Electron.,
vol. 54, no. 3, pp. 1472-1482, Jun. 2007.

[16] H. E. Tacca, “Power factor correction using merged flyback—forward
converters,” IEEE Trans. Power Electron., vol. 15, no. 4, pp. 585-594,
Jul. 2000.

[17] L. K. Chang, Y. M. Liu, and H. F. Liu, “An integrated single-stage AC/DC
converter with ZVS active-clamping for universal line applications,” in
Proc. IEEE PESC, 2004, pp. 759-764.

[18] J. Zhang, M. M. Jovanovic, and F. C. Lee, “Comparison between CCM
single-stage and two-stage boost PFC converters,” in Proc. IEEE APEC,
1999, pp. 335-341.

[8

=

Yen-Ming Liu was born in Changhwa, Taiwan, in
1977. He received the B.S., M.S., and Ph.D. degrees
in electrical and control engineering from National
Chiao Tung University, Hsinchu, Taiwan, in 1999,
2001, and 2007, respectively.

Since 2008, he has been with Delta Electron-
ics Inc., Chung-Li, Taiwan, where he is involved
in developing high-power-density dc—dc converters
for computer or communication applications. His
research interests include circuit design and analy-
sis of switching-mode power converters, electronic
ballasts, and soft-switching techniques.



LIU AND CHANG: AC-DC CONVERTER WITH INPUT-CURRENT SHAPING FOR UNIVERSAL LINE APPLICATIONS 479

Lon-Kou Chang (M’87) received the B.S. de-
gree in electronics engineering from Chung Yuan
Christian University, Chung-Li, Taiwan, in 1975, the
M.S. degree in electronics engineering from National
Chiao Tung University (NCTU), Hsinchu, Taiwan,
in 1977, and the Ph.D. degree in electrical engineer-
ing from the University of Maryland, College Park,
in 1995.

Since 1983, he has been with NCTU, where he
is currently an Associate Professor of electrical and
control engineering. During 1982-1985, he was a
Part-Time Electrical Supervisor with the Tri-Service General Hospital, Taipei,
Taiwan. He was also an R&D Consultant with Sunpentown Int. Co., Taiwan, in
1996-1998. His research interests include circuit design and analysis of power
electronics, chipset implementation of power circuits, CAD in circuit design,
and related applications.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues false
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


