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A Modified Asymmetrical Half-Bridge Flyback
Converter for Step-Down AC-DC Applications

Ying-Ting Huang

Abstract—This article presents a modified asymmetrical half-
bridge flyback converter (AHBFC) to fulfill the single-stage step-
down ac—dc universal input voltage application. This topology is ob-
tained from the integration of a buck-type power factor correction,
an auxiliary energy buffer, and a conventional AHBFC. By sharing
common switches and utilizing transformer’s leakage inductor, the
single-stage circuit can achieve both high power factor (PF) and
low total harmonic distortion with the simple constant on-time
control while regulating the dc output voltage. In addition, it is
able to operate in universal input voltage with low dc link voltage
and low output voltage. Moreover, the zero voltage switching and
the zero current switching features of the power switches can
also be achieved. Detailed analyses and design procedures of the
proposed converter are given and verified by the experimental
results. Finally, the comparison with reported circuit topologies and
power loss analyses verified by experimental results are presented
to provide the insight of practical design.

Index Terms—Power factor correction (PFC), step-down ac—dc
converter, zero current switching (ZCS), zero voltage switching
(ZVS).

1. INTRODUCTION

HE ac—dc voltage conversion can be easily achieved by
T using a full-bridge rectifier and a large output dc ca-
pacitor. However, this approach has the drawbacks of large
output voltage variation, low power factor (PF), and high total
harmonic distortion (THD), which will pollute the ac power
system and interfere with other electronic equipment. Therefore,
the ac—dc adapter with input power exceeding 75 W should
be capable of high PF and low THD, which is the feature
specified by international regulations such as EN/IEC 61000-3-2
Class D [1].

Due to the output voltage regulation for ac—dc adapter, an
additional dc—dc converter is in series with the power factor
correction (PFC) stage, which will reduce the efficiency because
of the two-stage power-processing. Besides, an additional circuit
stage requires extra components and will increase the circuit
complexity. To improve the efficiency and reduce the overall
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size and cost, a number of single-stage PFC circuits have been
presented and discussed [2]-[12].

To achieve higher efficiency, soft switching characteristics
have gained lots of attention for high switching frequency
applications. The active-clamp flyback converter can achieve
zero voltage switching (ZVS), but it has diode reverse recovery
issue and high voltage stress on the switch [13], [14]. The
asymmetrical half-bridge flyback converter (AHBFC) has the
ZVS features by utilizing the resonance of parasitic components.
Therefore, there is no need to add extra components. Moreover,
the voltage stress on the switch is confined to the input voltage,
making it suitable for high power applications. Besides, the
reverse recovery loss of the output diode can be minimized due to
its zero current switching (ZCS) [15], [16]. For reasons outlined
above, the AHBFC is commonly used for dc input applications
[17]-[19]. Nevertheless, the use of AHBFC for the ac input
application can only be found in [20]. However, due to the
step-down ac—dc conversion, the inherent dead-zone feature will
cause low PF and high THD problems. To solve this dead-zone
issue, an energy buffer can be adopted [21].

Therefore, a modified AHBFC, which is the fusion of a
buck-type PFC, an energy buffer, and a conventional AHBFC,
is proposed in this article. To accommodate the universal input
voltage range, the ZVS and ZCS operation of the power switches
with the asymmetrical pulsewidth-modulation (APWM) along
with the constant on-time control should be analyzed. Also, the
design procedure and power budget should be established for
practical engineering design. Thus, the proposed converter is
able to achieve universal input voltage with low dc link voltage
and low output voltage, and both high PF and low THD.

In this article, the circuit configuration and operation modes
of the proposed modified AHBFC will be introduced, followed
by the thorough circuit analyses. Then, based on the derived
mathematical equations, a practical design procedure can be
obtained. The experimental results of a prototype circuit are
presented to verify the performance of the proposed modified
AHBFC with desired features. Finally, the comparisons with
different circuit topologies and the power loss analyses verified
by experimental results are presented to provide the insight of
practical design.

II. CirRcUIT CONFIGURATION AND OPERATION MODE

Fig. 1 shows a two-stage circuit topology of the buck-type
ac—dc adapter. The first stage is a buck-type PFC and the second
stageis an AHBFC. A low pass filter Ly and C'y is used to smooth
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Fig. 1. Two-stage circuit topology of the buck-type ac—dc adapter.
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Fig. 2.  Single-stage circuit topology of the proposed modified AHBFC.
out the high switching frequency current at the input line. The
ac line voltage is rectified by the bridge diodes followed by a
buck-type PFC. The switch S;_, controls the energy delivering
to the dc link capacitor Cq.. The buck diode D, provides the
freewheeling current path for the buck inductor L;, which op-
erates in the discontinuous conduction mode (DCM). The two
switches S7_p and Sy are operated asymmetrically with a short
dead-time to achieve ZVS and the duty cycle d is referred to
S1-p. Each switch is composed of an active switch, an intrinsic
antiparallel diode, and a parasitic capacitor. The transformer
T is modeled as the magnetizing inductor L,,, the leakage
inductor L., and an ideal transformer with turns ratio of N, N.
The leakage inductor is used as the resonant inductor and is
much smaller than the magnetizing one. The resonance between
L, and C, allows the output diode D, to achieve ZCS. The
output capacitor C, is large enough that the output voltage V,
is constant.

To improve the efficiency and reduce the overall size and cost,
a single-stage modified AHBFC is proposed and illustrated in
Fig. 2. Based on the operation principles and gating signals of
switches S7_, and S7_; in Fig. 1, one of them can be eliminated
by adding two extra diodes D1 and Dg; at the appropriate nodes.
The two switches S; and S; are operated asymmetrically with a
short dead-time to achieve ZVS while the duty cycle d is referred
to S;. To solve the dead-zone problem for the buck-type PFC,
an energy buffer should be adopted. For the modified AHBFC,
the energy buffer which consists of a buffer capacitor C,, a
freewheeling diode D,,, and a coupled inductor Ly is utilized.
The L is designed to be equal to the buck inductor L, so the
voltage of C|, is equal to the voltage of dc link capacitor Cqc.
Therefore, the energy buffer can boost the rectified voltage so the
input current can flow continuously from the ac source within
a line period. Eventually, the proposed modified AHBFC can
achieve high PF and low current THD.

As shown in Fig. 3(a)—(g), the steady state operation of
the modified AHBFC can be divided into seven modes within
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(2)

Fig. 3.  Operation modes of the proposed modified AHBFC. (a) Mode I (tg
~ t1). (b) Mode II (t; ~ t2). (c) Mode III (ta ~ t3). (d) Mode IV (t3 ~ tq).
(e) Mode V (tg ~ ts5). (f) Mode VI (t5 ~ tg). (2) Mode VII (tg ~ t7).

a switching period 7. Fig. 4 shows the corresponding key
waveforms. To achieve a high PF with a simple control method,
the buck inductor L, is operated in DCM. The two switches Sp
and Sy are operated complementarily with a short dead-time.
The dc link capacitor Cq, is large enough, so the dc link voltage
V4 1s almost constant in a switching period. Prior to Mode
I, the energy stored in the coupled inductor Lo is released
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Fig. 4. Key waveforms of the modified AHBFC.

completely, both the magnetizing inductor current ;,, and
resonant inductor current ;. are negative, and the output diode
current 4, is zero. The details of each mode are described as
follows.

Mode I (ty ~ t1): This is a dead-time interval since both S;
and S, are off. Both 4, and ;. are negative in the previous
mode due to the resonant behavior of the inductor current. The
i1 Will first flow through Cygo. After Cyyo is charged to Ve,
the 4;,,, will flow through Cy. and D;. The output diode D, is
reverse biased and the output capacitor C,, provides power to
the load.

Mode Il (t; ~ t3): This mode begins when a turn-on signal vy
is applied to the gate of §; while 7;,. is still negative. After S is
turned on, both D, and Dy, are reverse biased. The buck inductor
L, starts to be charged through the rectified input voltage in
series with the buffer capacitor C,, where the capacitor voltage
is decreased. Since v, can be approximated to Vg, in steady
state, the voltage across L; is equal to the input voltage. This
mode ends when 7;,. reaches zero.

Mode III (ta ~ t3): This mode begins when 7;,. becomes
positive. At the beginning of Mode III, both L,,, and L, start
to be charged through S, Dy, Cqc, and C,. Both i, and 7;,
are increased linearly. The D, is still reverse biased so C,, keeps
providing power to the load. The L, is still to be charged through
the rectified input voltage. This mode ends when §; is turned
off.

Mode IV (t3 ~ t4): This mode is another dead-time interval
since both S and S5 are off. The 4;,,, will flow through Cz52 and
quickly discharge it completely. Because of the short dead-time
interval, the changes of i;,,, and 7;, are very small. When S is
off, the D, is still reverse biased. The voltage on S; is equal
to vy, + 2v¢, and that on Dy is equal to V. — v.,. The energy
stored in L, is recycled to C, through L, and D,,. The voltages
of L; and L, are clamped at v, with a turn ratio.
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Mode V (t4 ~ t5): This mode begins when C g5 is discharged
to zero. The iy, will continue to flow through Dy and create
a zero voltage upon the switch So. Within this mode, the Ss is
turned on before 7;,, becomes negative. Then, the ZVS feature
can be achieved. The stored energy in L,, is released to the load
through the transformer, forward bias D,, and delivers energy to
the secondary side. Because of the conduction of D,, the voltage
across L, is clamped by the reflected output voltage. The i;,,
will decrease linearly. On the other hand, the C,. and L, will
begin to resonant and 7;,, will be deviated from 7;,,,. The energy
stored in L, is still recycled to C, through Ls and D,,. This mode
ends when ¢;,. drops to zero.

Mode VI (t5 ~ tg): This mode begins when 7;, changes its
direction due to the resonance. The operations of all components
are similar as Mode V. When i, resonates to 7;,,, before S5 is
turned off, the 7, drops to zero and the ZCS feature for D, can
be achieved. It should be mentioned that both ¢;,,, and 7;,- can be
positive or negative when ¢;,- resonates to i;,,,. The energy stored
in Lo is released completely, so the voltage across Sy is equal to
Vbr + Vea-

Mode VII (tg ~ t7): The mode begins when 7;,, = ;,,, and 74,
drops to zero. A negative resonant current will flow through So
and there is no energy transferred through the transformer to
the load. The C,, provides power to the load. When S5 is turned
off, the operation mode goes back to in Mode I and the next
switching period begins.

III. CIRCUIT ANALYSIS AND DESIGN EXAMPLE

To simplify the steady-state analysis, several assumptions are
made: 1) The two switches S; and S consist of MOSFET channels,
body diodes and parasitic capacitors. 2) The transformer 7 is
modeled as the magnetizing inductor L,,, the leakage inductor
L, and anideal transformer with turns ratio of N,,: V. 3) The dc
link capacitor Cq. and buffer capacitor C', are large enough, so
the voltages on these two capacitors are almost constant within
a switching period. 4) The buck inductor L; and the coupled
inductor Ly are tightly coupled, so the leakage inductor can be
neglected.

To achieve high PF, the buck-type PFC is operated in DCM
over an entire line period. Due to the DCM operation and the
additional capacitor voltage provided by the energy buffer, the
input current i3, with an additional input low pass filter can be
derived and expressed as

F— Vin
in —
214

d*T, (D

where d is the duty cycle of S; and 7 is the switching period. It
should be mentioned that the operation of Sy will not affect the
buck-type PFC because of the current blocking diode D;. From
(1), it can be seen that ij;, is proportional to the sinusoidal input
voltage v, with a constant d operation.

The input power P;,, can be obtained by taking the average of
the instantaneous line power over one line period by using (1)

1 /27 Voo 2d2T,
-Pin = 5 in 'in dt = 2
o /O [vin > Zin] AL, @
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where V,,, is the peak value of the input voltage. The L; can be
selected in accordance with the rated input power by (2)

(Vind)*T,
4P,

The voltage transfer function of the buck-type PFC can be
obtained by applying the voltage-second balance theorem to L; .
When §; is turned on, the voltage across L; is V,,,. When S
is turned off, the voltage across L; is Vq.. To ensure that the
buck inductor current 4;; can be operated in DCM, the following
voltage transfer function should be satisfied

Yoo, 4 o)
Vo — 1—d

Besides the desired buck-type PFC feature, the output voltage
isregulated by S; and S, with an appropriate d. It is assumed that
Cg. is large enough, so the dc link voltage V. is almost constant.
The average voltage, V., of the resonant capacitor C)., is related
to Ve, d, L, and L, by applying the voltage-second balance
theorem to L,,

L, = 3

Ly,
Ly, + L,

From (5), the L, which is much smaller than L,, can be elimi-
nated, so the V. can be obtained

Vcr ~ d‘/dc~ (6)

(Vdc - V('r) d= ‘/cr (1 - d) . (5)

When S is turned on and S5 is turned off, as shown in Fig. 3(b)
and (c), the voltage across L,, can be expressed as (1-d)Vy,. It
should be mentioned that L,. is much smaller than L,,,, so L, can
be neglected. When S; is turned off and V50 becomes zero, as
shown in Fig. 3(e)—(g), the voltage across L., is V,-(N,/N;). By
applying the voltage-second balance theorem to L,,, the voltage
transfer function of the AHBFC can be determined as

Vo
Vdc

where n = N, /N, is the turns ratio of transformer.

The CCM operation of L,, is preferred in order to increase
the utilization of transformer. As shown in Fig. 4, the difference
between i, and 7;, will flow through the output diode D, via
the transformer. Thus, the average magnetizing inductor current
I, is related to the turns ratio n and the output current I, as
shown in (8)

=nxd @)

Il'rn = nIo- (8)

The peak current I;,,, 1 and valley current Ij,,, ,; of Ly, can be
obtained by using (8) which should be plus and minus with a
half of current ripple on L,,, respectively

Vo(1—a)T,

Il'm_pk' =nl, + % 9)
Vo (1 —d)T.

Ilm_vl =nl, — %~ (10)

During the resonant period, the voltage on L,,, is clamped by
the reflected output voltage while L, and C, form a resonant
path. The instantaneous current of L,,,, i;,,, during the resonant
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period can be derived as

Vo
an
By using the current—voltage relationship for L,., the resonant

inductor current 7;,- can be written as a second-order differential
equation, which is shown in (12)

(t —dTy). (11)

U = Ilm_pk -

iy (t)?

de? -
By using Laplace transform to solving the second-order differ-
ential equation shown in (12), the instantaneous current of L,.,
i1, can be derived as

Z‘lr - *LrCr

12)

iy = Iim_pi €08 [wy (t — dTs)] —

VOL sin [w,. (t — dTy)]

w’(‘ m
(13)
where the resonant angular frequency w,. is

1
VL.C,’

The ZVS operation of the switch can be achieved when the
energy stored in L,,, is greater than that of the parasitic capacitors
of the two switches. In addition, a sufficient time segment for
the switching dead-time should be established for the resonance.
After a series of mathematical equation derivation, the L,,
and the minimum dead-time t; for the ZVS condition can be
derived as

Wy =

(14)

1-d)T, R,
L,<-——X — 15
< > X (15)
Cast X Vac  Casa X Ve
tq > max d,l * d,2 7 (16)
|Zlm,_vl | Um_pk

where Cys1 and Cygo are the parasitic capacitors of switches S;
and Sy, respectively.

For the ZCS operation of the output diode D,, the 4;,- should
reach the same amount of 7;,,, within the resonant period before
the next switching cycle begins. Thus, the interval of Mode VI
of the modified AHBFC is determined by the resonant angular
frequency w,., and the boundary conditions are d = dp,,x and
iim(Ts) = 41-(Ts). By combining (9), (11), and (13) with the
boundary conditions, the following equation can be obtained

QL"L 1- dm' X Ts
nRo + ( Qd ) cos [wpr X (1 = diax) T')
. n2Lm (1 - dmax) Ts
— o sin [wpr X (1 — dmax) Ts] = R, - 9

A7)

where wy,. is the boundary resonant angular frequency. It is very
difficult to obtain the value of wy,. from (17), directly. However,
by using numerical calculation, such as Bolzano’s Theorem, the
wp- can be calculated. Moreover, the resonant capacitor must
satisfy the following constrain

Cr < —5——.
wir? X Ly

Based on the operation modes and the derived equations, the

design of the proposed single-stage AHBFC with PFC feature

(18)
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TABLE I
SPECIFICATIONS OF THE MODIFIED AHBFC
Parameters Value
Input Voltage vin,rms 90 Vac ~ 264 Vg
Output Voltage V, 19 Ve
Output Power Py, max 100 W
Switching Frequency f; 100 kHz

i in
Vdc
Vo

(V4e:200V/div; V,:20V/div; £:10ms/div).
(vin:200V/div; i;,:2A/div) (vin:500V/div; i, 1A/div)

(@) (©)

Fig. 5. Measured waveforms of input voltage viy, input current i;,,, de link
voltage Vg, and output voltage V. (a) Vi = 110V4c. (b) Vip =220V,

can be accomplished. The specifications shown in Table I is built
and tested. The designed procedure is described as follows.

Step 1) Determine n, d, and L; at steady state. From (7), it can be
found that V. is related to n. To avoid high voltage on Cqc,
resulting in high voltage stress on other components, the n is
selected as 0.6. To fulfill the boundary condition of buck-type
PFC and the voltage transfer function of the AHBFC, the d
can be obtained by combing (4) and (7)

—V, + \/(VO)2 — 4V, (=V,)
d< :
- 2V,.n

To ensure that L; can be operated in DCM at 90V ,. input
voltage under full load condition, the maximum duty cycle
dmax 18 selected as 0.36 which is smaller than the theoretical
calculation from (19). The minimum duty cycle d;, is cal-
culated as 0.12 at 264V, input voltage. From (3), the L; can
be calculated as 52.5 ;/H due to the rated output power.

Step 2) Calculate L,, and L,. According to (15), the maximum
L., is calculated as 32.08 ©H, but a smaller 30 H magnetiz-
ing inductor is selected in practical. The L, should be much
smaller than L,,, so a 600 nH resonant inductor, which is 2%
of the magnetizing inductance, is selected.

Step 3) Calculate t4, C;, and f,.. To ensure the ZVS operation
of So, the t4 should satisfy (16), thus ¢4 is designed as 300 ns
which is larger than the minimum theoretical calculation. For
the ZCS operation of the output diode D, from (17), the
boundary resonant frequency f, is calculated as 160 kHz.
Eventually, the C,. can be chosen from (18) as 1 uF and the
resonant frequency f,. can be calculated as 205.5 kHz.

19)

IV. EXPERIMENTAL RESULTS

A prototype circuit with the specification shown in Table I is
build and tested. Fig. 5(a) and (b) show the waveforms of input
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Fig. 7. ZVS operation of Sa. (a) Vijn= 110V,c. (b) Vi =220V 4.

voltage vi,, input current i;,, dc link voltage Vgy., and output
voltage V,, for different line voltages. The vertical scales of v;,
and i;,, in Fig. 5 are different. The ij, is almost sinusoidal and
in phase with v;,. Unlike conventional buck-type PFC, there is
no dead-zone appearing in the input current. Besides, the V. is
almost constant where it is 94.8 V and 187 V for different input
voltages. With the voltage feedback control by using Microchip
dsPIC33FJ16GS502, the V, can be fixed to 19 V.

The control strategy adopted in the proposed converter is
the APWM constant switching frequency voltage-mode control.
The microcontroller unit dsPIC33FJ16GS502 is chosen to im-
plement the control strategy. The main concept for the APWM
constant switching frequency voltage-mode control is briefly
explained as follows.

The V,,_yy is the output voltage feedback signal, and the V.. ¢
is a predetermined reference voltage. The voltage difference
between V,, s, and V.., error, is amplified by the proportional-
integral controller. Then the amplified error is compared with a
programmable build-in digital triangle ramp to generate a pair
of APWM signals with complementary duty cycle and fixed
switching frequency to control the two switches in the power
stage. The functional block diagram of the APWM constant
switching frequency voltage-mode control is shown in Fig. 6.

Fig. 7(a) and (b) show the turn-on transient of the gate signal
and the drain-to-source voltage of S5 under different ac mains
voltages. The vertical scales of v, in Fig. 7 are different. With
sufficient dead-time t; = 300 ns, before S is turned on, its
drain-to-source voltage v4s5 decreases to zero. Hence, the ZVS
operation for S5 can be achieved.

The measured waveforms of gate signal vy for S;, the
resonant inductor current 4;,., the output diode current ¢4,, and
the output voltage V/,, under different ac mains are shown in
Fig. 8. The waveforms of 7;,. and 74, agree with the simulated
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Fig.9. PFandefficiency of the modified AHBFC. (a) PF curves. (b) Efficiency

curves.

ones. Before S is turned on, the 74, has dropped to zero. It can be
seen that the diode current is zero at both the turn-on and turn-off
transients so the ZCS feature for output diode is achieved.

Fig. 9 shows the PF and efficiency under different line input
and output power conditions. The PF is nearly 0.99 at full load.
However, the efficiency is relatively low due to the nonoptimal
component selection and the extra energy buffer for solving the
dead-zone problem. Nevertheless, it is very difficult to make a
fair efficiency comparison among converters with different input
voltage ranges, output voltages, or rated powers. The efficiency
can be improved in the future if the power loss analyses are well
established.

V. DISCUSSION

The performance of a power converter can be evaluated by
different features such as input/output voltage range, dc link
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TABLE II
OPERATING VOLTAGE LEVEL COMPARISONS WITH REPORTED TOPOLOGIES

DC Link Input Voltage Output
Reference .
Voltage (V) V) Condition
[22] <355 90 ~ 150 48 V/250 W
[23] <350 110 48 V/144 W
[24] <400 90 ~270 100 V/100 W
Proposed <260 90 ~ 264 19 V/100 W
TABLE III

PF AND THD COMPARISONS WITH REPORTED TOPOLOGIES

The Harmonic Input Current

Reference PF
3" (mA/W) 5" (mA/W)
[25] 0.96 1.4 0.40
[26] 0.97 1.5 0.81
[27] 0.90 22 0.30
[20] 0.90 2.4 0.07
Proposed 0.97 0.17 0.11

voltage level, PF, THD, efficiency, dynamic response, and re-
liability. The designers need to decide the tradeoff between
different performance requirements. For instance, it is very
difficult to make a fair efficiency comparison among converters
with different input voltage range or rated power. Nevertheless,
the power loss analysis is still essential for every practical design.
In this section, the key performance of the proposed converter is
compared with different circuit topologies published in literature
under similar operation conditions. In addition, the power loss
analyses for the selected components under different operation
conditions are evaluated. The measured converter efficiency
agrees with presented power loss analyses which are beneficial
to practical converter design.

A. Reported Topologies Comparison

Different circuit topologies from literature with similar oper-
ation conditions are selected for key performance comparison.
First of all, operating voltage level comparisons among different
reported circuit topologies are shown in Table II. It should be
noticed that all of them can achieve high PF and low THD. As
shown in Table II, [22] and [23] can achieve low voltage output
feature but cannot operate at high line condition. Although [24]
can accomplish universal input voltage range, it cannot meet
the low output voltage demand. Under the similar PF and THD
performance, the proposed circuit topology can achieve the
lowest output voltage level under the universal input voltage
range operation. Besides, the proposed one has the lowest dc
link voltage which implies that lower voltage-rating components
can be adopted.

For those circuit topologies that can achieve the low output
voltage with the universal input voltage range, their PF and THD
should be taken into account. Table III shows the PF and the 3rd
and 5th harmonics comparisons for different reported circuit
topologies in major journals. It can be seen that the proposed
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TABLE IV
POWER LOSS OF ACTIVE COMPONENTS

MOSFETs Rasony (€2) Power Loss (W)
S;: SPA17N80C3 0.25 2.87
S,: STP14NK50Z 0.34 4.75

one can achieve the highest PF and lowest harmonics. Also, it
should be mentioned that the measured current harmonics of the
prototype can meet the IEC 61000-3-2 class D standard.

On the other hand, it is very difficult to make a fair efficiency
comparison among different circuit topologies with different
operation conditions. For instance, under the same rated power,
the lower the output voltage, the lower the efficiency it will be
due to the higher current conduction loss. However, the power
loss analyses of the proposed converter are required to improve
the efficiency.

B. Power Loss Calculation

Details of power loss calculation for the proposed converter
with selected components are described as follows. The con-
duction loss P.onq of the MOSFETS, 1 and So, can be expressed
in (20), where I, ,ms is the root-mean-square (rms) value for
drain-source current and Rg,(on) is the on-resistance. On the
other hand, the turn-on and turn-off switching loss, Py, on and
Py of, are affected by the duration of the switching transient
and the time varying values of voltage and current on the
MOSFET. Usually, the switching transient can be divided into
different time segments, which are the delay time ¢4, the rise time
t,, and the fall time ¢ ;. Theoretically, the turn-on and turn-off
switching loss, Ps,, on and Ps,, o, can be expressed as (21) and
(22), where v and 745 are the linearly approximated functions
for voltage across and the current through the MOSFET during
the switching transient. Variables V4 is the turn-off blocking
voltage, while I, is the turn-on conduction current.

Due to the ZVS features, the turn-on switching loss of S5 can
be ignored. Based on the above mentioned power loss calcula-
tions and the characteristics of the two MOSFETs, SPA17N80C3
and STP14NKS50Z, the power losses for full load with input
voltage 110V, are shown in Table IV.

Pcond - Igs_rms X Rds(on) (20)

tq(on) t,
Psw_on - Vds X idsdt +/ Ugs X Idsdt X fs
0 0

21

ty tq(off)
Psw?off - Vds X Idsdt +/ Vds X idsdt X fs
0 0

(22)

For the proposed converter, because the buck inductor L; is
operated in DCM and the output diode D,, has ZCS feature, all
diodes will be turned off at zero current. Therefore, the reverse
recovery time t,,. can be neglected, and the power loss of the
diode, P, can be calculated by using the forward voltage V
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and the average conducting current I _,ye, as shown in (23)

Pd = Vf X Id?ave- (23)

For the proposed converter, the Ly is coupled to Ly, via
a PQ3230 magnetic core, with DCM operation. The leakage
inductance is much smaller than the magnetizing inductance.
On the other hand, when S is turned off, the energy stored in
magnetizing inductance will be either transferred to Ly via Ly
to charge C,, through D, or to charge Cq4. via Dj,. Meanwhile,
the energy stored in leakage inductance will quickly release to
Cqc via Dy. Because the leakage inductance is very small with
very limited stored energy by comparing to the large capacitance
Cqc, the discharging time will be very short. Eventually, the
voltage variation on Cgq. caused by the released energy from
the leakage inductance can be neglected. In other words, the
leakage inductance does not affect the operation of the proposed
converter so the leakage inductance can be neglected in the
operation mode analysis. The transformer 7 is modeled as the
magnetizing inductor L,,, the leakage inductor L,., and an ideal
transformer with turn ratio of N,,: Ny. The filter inductor L is
used to attenuate the high frequency current harmonics at the
input terminal. The low permeability powder core CM358147
is selected.

The copper loss, Pcopper, Of these magnetic components can
be determined by their rms currents and wire resistances. For
the transformer, both primary side and secondary side winding
should be taken into account as shown in (24). The derivation
of the rms current for each magnetic component of the modified
AHBEFC is highly related to its operation condition. On the other
hand, both of the core loss and air gap loss of the magnetic
components should be determined according to the datasheet
provided by the manufacturing company.

Pcopper = I}%ri_rms X Rdcfpri + Igec_rms X Rdcfsec (24)

The capacitor’s power loss is mainly caused by its equivalent
series resistance (ESR) and the rms current flowing through,
which can be expressed as (25). The capacitor’s ESR value, as
shown in (26), depends on the operating frequency f, capacitance
C, and dissipation factor tan 9, provided by the manufacturing
company.

Pop =12 s X ESR (25)
tan
ESR = 2
SR T (26)

Based on the datasheet of the selected components as well as
the derived equations, the power losses of the modified AHBFC
under full-load condition with input voltage 110V, are shown
in Table V.

From the power loss analyses of the selected components, the
calculated power loss is 21.05 W which is close to the measured
one, 23.1 W. It should be mentioned that the power losses of
Cy, Cyr, Cae, D1, and D are neglected because they are much
smaller than others.
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TABLE V
POWER LOSS OF PASSIVE COMPONENTS

Diodes, Inductors Power Loss
. Vi (V) ESR (mQ)
and Capacitors (W)
Dyrigge: ER304 0.78 - 1.27
Dy: STTH15RO6FP 0.5 - 0.08
D,: STTH15R06FP 0.5 - 0.81
D,: STPS30150CT 0.57 - 3
L;, L,: PQ3230 - 155 (N,), 176 (Ny) 3.37
T:PQ3230 - 26 (N,), 14 (NVy) 2.13
L;:CM358147 - 8 0.14
C,: 110450V - 220 0.88
C,: 1420V - 13 0.28
C,:940/35V - 19 1.48
35
£30 MOSFETs conduction loss
S 25 Diodes loss
E-zo
“35215 Capacitors loss
% Inductors copper loss
E H MOSFETs switching loss
3 Inductors core loss
’ 25W 50W 75W 100W

Output power

Fig. 10.  Curves of power loss under different output power.

C. Component Parameters Evaluation

According to the power loss analyses listed above, it can be
observed that each component has various power loss under
different output power P, and dc link voltages V.. It also
implies that under different operating condition the power loss
of each component may vary. To achieve a better efficiency
performance for the proposed converter, the power loss under
different operation conditions for key components should be
conducted.

Fig. 10 shows the percentage curves of power loss for key
components when the input voltage is 110V ,.. For low output
power, the conduction and switching losses of MOSFETs as well
as the core losses of inductors dominate the most of total power
losses. On the other hand, for high output power, the MOSFET’s
conduction losses and the diode’s losses occupy a large share
of total power losses. The curves for the conduction loss of
MOSFETs and the diode loss are relatedly flat for the medium and
heavy output power loads. It reveals that selecting MOSFETs and
diodes with smaller turn-on resistance can effectively improve
the efficiency.

Fig. 11 shows the percentage curves of the power loss under
different Vg4.. It can be seen that the conduction losses of
MOSFETs have the largest power losses share under low Vg,
condition. From the operation principle, it is understandable that
higher peak current and rms current are generated when V. is
relatively low. According to the derived power loss equations,
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Diodes loss

MOSFETs conduction loss
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O

Inductors core loss
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S

15 MOSFETs switching loss

10 Capacitors loss

Percentage of power loss %

5 Inductors copper loss

89.5Vv 109.5V 129.5V

Dclink voltage

149.5V

Fig. 11.  Curves of power loss under different dc link voltage.

it leads to the higher conduction losses on MOSFETS. As V.
increasing, the conduction losses of MOSFETs will be mitigated
so their power losses share will be decreased. On the other hand,
the percentage of the switching losses, diode losses, and inductor
core losses are increased due to the higher Vq.. Nevertheless,
the percentage of capacitor losses and inductor copper losses
are slightly reduced because of the reduced rms current caused
by the higher V..

VI. CONCLUSION

A modified AHBFC to fulfill the single-stage step-down ac—
dc universal input voltage application is proposed. Due to its
single-stage structure, the simple constant on-time control can be
adopted to achieve both high PF and low THD while regulating
the dc output voltage. In addition, the proposed converter is able
to operate in universal input voltage with low dc link voltage
and low output voltage.

A 100 W prototype circuit is designed and implemented to
verify the performance of the proposed converter, which features
ZVS for the power switch and ZCS for the output diode. Also,
the design procedure and the power loss analyses verified by
experimental results are presented to provide the insight of
practical design.

REFERENCES

[1] C.K.Tse, M. H.L.Chow, and M. K. H. Cheung, “A family of PFC voltage
regulator configurations with reduced redundant power processing,” IEEE
Trans. Power Electron., vol. 16, no. 6, pp. 794-802, Nov. 2001.

[2] A.Mallik and A. Khaligh, “Maximum efficiency tracking of an integrated
two-staged ac—dc converter using variable dc-link voltage,” IEEE Trans.
Ind. Electron, vol. 65, no. 11, pp. 8408-8421, Nov. 2018.

[3] H. Wu, Y. Zhang, and Y. Jia, “Three-port bridgeless PFC-based quasi
single-stage single-phase ac—dc converters for wide voltage range ap-
plications,” IEEE Trans. Ind. Electron., vol. 65, no. 7, pp. 5518-5528,
Jul. 2018.

[4] S. W. Lee and H. L. Do, “A single-switch ac—dc LED driver based on a
boost-flyback PFC converter with lossless snubber,” IEEE Trans. Power
Electron., vol. 32, no. 2, pp. 1375-1384, Feb. 2017.

[S] M. Bodetto, A. E. Aroudi, A. Cid-Pastor, and M. S. Al-Numay, “Improv-
ing the dimming performance of low-power single-stage ac-dc HBLED
drivers,” IEEE Trans. Ind. Electron., vol. 64, no. 7, pp. 5797-5806,
Jul. 2017.

[6] Q. Luo, J. Huang, Q. He, K. Ma, and L. Zhou, “Analysis and design of a
single-stage isolated ac—dc LED driver with a voltage doubler rectifier,”
IEEE Trans. Ind. Electron., vol. 64, no. 7, pp. 5807-5817, Jul. 2017.

[7] C. Li and D. Xu, “Family of enhanced ZCS single-stage single-phase
isolated ac—dc converter for high-power high-voltage dc supply,” IEEE
Trans. Ind. Electron., vol. 64, no. 5, pp. 3629-3639, May 2017.



HUANG et al.: MODIFIED ASYMMETRICAL HALF-BRIDGE FLYBACK CONVERTER FOR STEP-DOWN AC-DC APPLICATIONS

[8]

[9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

S. W. Lee and H. L. Do, “Single-stage bridgeless ac—dc PFC converter
using a lossless passive snubber and valley switching,” IEEE Trans. Ind.
Electron., vol. 63, no. 10, pp. 6055-6063, Oct. 2016.

S. W. Lee and H. L. Do, “Boost-integrated two-switch forward ac—dc LED
driver with high power factor and ripple-free output inductor current,”
IEEE Trans. Ind. Electron., vol. 64, no. 7, pp. 5789-5796, Jul. 2017.

H. Ma, J. S. Lai, C. Zheng, and P. Sun, “A high-efficiency quasi-single-
stage bridgeless electrolytic capacitor-free high-power ac—dc driver for
supplying multiple LED strings in parallel,” IEEE Trans. Power Electron.,
vol. 31, no. 8, pp. 5825-5836, Aug. 2016.

H. Khalilian, H. Farzanehfard, E. Adib, and M. Esteki, “Analysis of a new
single-stage soft-switching power-factor-correction LED driver with low
dc-bus voltage,” IEEE Trans. Ind. Electron., vol. 65, no. 5, pp. 3858-3865,
May 2018.

S. Lim, D. M. Otten, and D. J. Perreault, “New ac—dc power factor
correction architecture suitable for high-frequency operation,” IEEE Trans.
Power Electron., vol. 31, no. 4, pp. 2937-2949, Apr. 2016.

R. Watson, F. C. Lee, and G. C. Hua, “Utilization of an active-clamp
circuit to achieve soft switching in flyback converters,” IEEE Trans. Power
Electron., vol. 11, no. 1, pp. 162-169, Jan. 1996.

C. Duarte and I. Barbi, “A new family of ZVS-PWM active-clamping
dc-to-dc boost converters: Analysis, design, and experimentation,” /[EEE
Trans. Power Electron., vol. 12, no. 5, pp. 824-831, Sep. 1997.

K. T. Kim, J. M. Kwon, H. M. Lee, and B. H. Kwon, “Single-stage high-
power factor half-bridge flyback converter with synchronous rectifier,” IET
Power Electron., vol. 7, no. 1, pp. 1-10, Jan. 2014.

J. H. Jung and J. G. Kwon, “Soft switching and optimal resonance con-
ditions of APWM HB flyback converter for high efficiency under high
output current,” in Proc. IEEE Power Electron. Specialists Conf., 2008,
pp- 2994-3000.

G. Y. Jeong, “High efficiency asymmetrical half-bridge flyback converter
using a new voltage-driven synchronous rectifier,” IET Power Electron.,
vol. 3, no. 1, pp. 18-32, Jan. 2010.

J. H. Jung, “Feed-forward compensator of operating frequency for APWM
HB flyback converter,” IEEE Trans. Power Electron., vol. 27, no. 1,
pp. 211-223, Jan. 2012.

H. S. Kim, J. H. Jung, J. W. Baek, and H. J. Kim, “Analysis and design
of a multioutput converter using asymmetrical PWM half-bridge flyback
converter employing a parallel-series transformer,” IEEE Trans. Ind.
Electron., vol. 60, no. 8, pp. 3115-3125, Aug. 2013.

Y. T. Huang, C. H. Li, Y. M. Chen, and Y. P. Tong, “Analysis and design
of a single-stage buck-type ac-dc adaptor,” in Proc. IEEE Appl. Power
Electron. Conf. Expo., 2017, pp. 16-22.

C. R. Lee, W. T. Tsai, and H. S. Chung, “A buck-type power-factor-
correction circuit,” in Proc. IEEE Int. Conf. Power Electron. Drive Syst.,
2013, pp. 586-590.

W. Y. Choi and J. S. Yoo, “A bridgeless single-stage half-bridge ac/dc
converter,” IEEE Trans. Power Electron., vol. 26, no. 12, pp. 3884-3895,
Dec. 2011.

T. F. Wu, J. C. Hung, S. Y. Tseng, and Y. M. Chen, “A single-stage fast
regulator with PFC based on an asymmetrical half-bridge topology,” IEEE
Trans. Ind. Electron., vol. 52, no. 1, pp. 139-150, Feb. 2005.

S. K. Kiand D. D. C. Lu, “Implementation of an efficient transformerless
single-stage single-switch ac/dc converter,” IEEE Trans. Ind. Electron.,
vol. 57, no. 12, pp. 4095-4105, Dec. 2010.

[25]

[26]

[27]

4621

S. K. Kiand D. D. C. Lu, “A high step-down transformerless single-stage
single-switch ac/dc converter,” IEEE Trans. Power Electron., vol. 28, no.
1, pp. 3645, Jan. 2013.

Y. Chen, Z. Zhong, and Y. Kang, “Design and implementation of a
transformerless single-stage single-switch double-buck converter with low
dc-link voltage, high step-down, and constant input power factor features,”
IEEE Trans. Power Electron., vol. 29, no. 12, pp. 6660-6671, Dec. 2014.
J. M. Alonso, M. A. D. Costa, and C. Ordiz, “Integrated buck-flyback
converter as a high-power-factor off-line power supply,” IEEE Trans. Ind.
Electron., vol. 55, no. 3, pp. 1090-1100, Mar. 2008.

Ying-Ting Huang (S’ 17) received the B.S. and M..S.
degrees in electronic and computer engineering from
National Taiwan University of Science and Technol-
ogy, Taipei, Taiwan, in 2012 and 2014, respectively.
Since 2014, she has been working toward the Ph.D.
degree in electrical engineering with National Taiwan
University, Taipei, Taiwan.

Her research interests include power factor correc-
tion, resonant power conversion, and switching power
supplies.

Chia-Hao Li received the B.S. degree in electri-
cal engineering from National Tsing-Hua University,
Hsinchu, Taiwan, and the M.S. degree in electrical
engineering from National Taiwan University, Taipei,
Taiwan, in 2015 and 2017, respectively. Since 2019,
he has been working toward the Ph.D. degree in elec-
trical engineering with Princeton University, Prince-
ton, NJ, USA.

His research interests include modularized high-
power-density power electronics and multiport power
converters with multiwinding transformer.

Yaow-Ming Chen (S’96-M’98-SM’05) received the
B.S. degree from National Cheng-Kung University,
Tainan, Taiwan, and the M.S. and Ph.D. degrees from
the University of Missouri, Columbia, MO, USA, in
1989, 1993, and 1997, respectively, all in electrical
engineering.

From 1997 to 2000, he was with I-Shou University,
Taiwan, as an Assistant Professor. From 2000 to 2008,
he was with National Chung-Cheng University, Tai-
wan. In 2008, he joined National Taiwan University
where he is currently a Professor with the Department

of Electrical Engineering. His research interests include power electronic con-
verters and renewable energy.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /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 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00111
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00083
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00063
  /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

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


