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Abstract—For a conventional offline Buck-Boost LED driver,
significant low frequency ripple current is produced when a
high power factor has been achieved. In this paper, an
innovative LED driver technology based on the Buck-Boost
topology has been proposed. The featured configuration has
greatly reduced the low frequency ripple current without
compromising power factor performance. High efficiency and
low component cost features have also been retained from
conventional Buck-Boost LED driver. A 10W, 50V-0.2A
experimental prototype has been constructed to verify the
performance of the proposed technology.

L INTRODUCTION

Buck-Boost LED drivers are a very attractive candidate for
low power LED lighting applications which must be low-cost
and which not require electrical isolation. They can
additionally achieve high efficiency with low component costs
and simple designs. Offline LED driver reference designs
based on Buck-Boost topology are widely available.
However, like any other single stage LED driver solutions,
significant low frequency ripple current is generated in the
conventional Buck-Boost LED driver.

A significant low frequency ripple current presents as a
flicker in lighting output. For these AC connected lighting
fixtures, the flicker frequency is twice that of the AC line
frequency. According to [1], human retina can respond to
flicker frequencies upwards of 200Hz. Long time exposure to
100/120Hz flicker has been demonstrated to cause malaise,
headache and visual impairment in some test subjects.

One method to reduce flickering is to increase the output
capacitor value. However, bulky output capacitors are cost
ineffective and require excessive PCB space. Various
solutions have been proposed to solve undesirable flicker with
a single stage power structure. In [4-7], the front power factor
stage and second DC-DC stage have been combined. There is
a lot of constraints on operating shared power components in
order to achieve power factor correction and DCDC
conversion at the same time. In [8-11], active energy storage
has been proposed. A bi-directional converter has been used to
replace the bulky storage capacitor. The drawback of this
solution is that approximately 32% of the output power has

978-1-4799-2325-0/14/$31.00 ©2014 IEEE

been converted three times before being delivered at the
output. The technology in [12-13] proposes a design trade-off
between power factor and the required output capacitance.
However, this solution sacrifices input current harmonic levels
and power factor performance. In [14], a offline Flyback LED
driver with ripple cancellation had been proposed. Tight
regulated LED current and high power factor had been
achieved with only single power stage. As a further
development of this technology, a 10W offline LED driver
based on Buck-Boost power topology has been proposed in
this paper. As a additional advantage, high level component
integration can be achieved since there is no isolation barrier
standing between AC input side and LED driver output side.
The integrated solution of the proposed technology has been
discussed in detail. Because of the ripple cancellation
technology, electrolytic capacitors have also been eliminated
in the design. The lifespan of the LED driver will not be
limited by the life of electrolytic capacitor anymore.

This paper is organized as follows: Section II discusses the
operating principle of the proposed topology. The advantages
of the proposed solutions are analyzed in section III. Section
IV covers the detailed design considerations. The integrated
solution of the proposed technology is discussed in section V.
Experimental results are shown in VI and section VII is the
conclusion.

II.  OPERATING PRINCIPLE

In section II, the operating principle of the proposed
technology is discussed. The power stage structure, operation
of Ripple Cancellation Converter (RCC) as well as LED
current regulation will be discussed in detail.

A.  The Power Stage Structur

Figure 1 shows the comparison between conventional
Buck-Boost LED drivers topology and the proposed LED
driver topology. In Figure 1(b), a Ripple Cancellation
Converter has been added and is indicated in red. The RCC
is implemented with a Buck topology in order to achieve high
efficiency and low component costs. The PFC output, V,;
and the RCC output, V,; are connected in series to achieve a
DC LED voltage output.
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Figure 1 Power stage of Buck-Boost LED Driver (a)
Conventional topology; (b) The proposed topology

Figure 2 shows the high level power structure of the
proposed Buck-Boost LED driver. The PFC output voltage
contains a significant low frequency ripple component. The
voltage V,; can be described by (1):

(M

In (1), Vo 4o represents the DC component of V,; while
Vor rip(t) Tepresents its low frequency ripple component. The
Ripple Cancellation Converter output, V,; also contains a
significant low frequency ripple component and is described

by (2):

V, = V:;de + V:;L,qp(t)

V= Va3de + V;sjip(t) 2
The DC component V3 4 is needed to keep V,3 above zero.
The purposes of connecting voltages V,; and V,; in series is
to have their ripple components cancel. This way, their sum,
V.. »1s a DC value which can be described by (3):

ut ’

Vout = Vol + Vo3

= (Vole» + Vo37dc) + [Vvlirip(t) + V03J-ip )]

In order to achieve total ripple cancellation, the following
equation must be satisfied:

3)

“)

Equation (4) implies that V,; ,;,(t) and V3 ,;,(t) are of equal
value but with opposite sign. In the proposed technology,
Vor rip(t) is the master signal and V3 ,;,(t) is its dependent

Vol 7rip(t) + V037rip (t) = O

90% of power v
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Vout+ Vout
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Figure 2 The proposed LED driver structure

follower.

B.  Operation of the Ripple Cancellation Converter

Figure 3 shows the concept implementation of the Ripple
Cancellation Converter. As demonstrated in Figure 2, V,; is a
differential output pair with respect to the ground potential of
the Ripple Cancellation Converter. Firstly, V,; is sensed and
converted to the single end signal V,; 5. The DC component of
signal V,; g is then blocked, allowing only the low frequency
ripple component, ¥, 1S rip, 10 pass. Vo s 4 is then inverted
and provided an offset. The resulting V,; ,, becomes the
reference voltage for the Ripple Cancellation Converter. This

PFC

Vors
output

/\/\/ N Tnput + v
Low frequency | ——— " Differential to single [~ __ /\/\/
ripple separation| " | end conversion
Input -
Vor s rp
o Ripple Cancellation
Converter output
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Vos ref
Vot sy
ov VQUA Ripple
Add DC offset Cancellation
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Figure 3 Operation of the Ripple Cancellation Converter

way, the Ripple Cancellation Converter’s output voltage V;
contains a ripple component which can fully cancel the low
frequency ripple voltage from V,;. In the practical circuit
implementation, a signal travelling in Figure 3 will need to be
properly scaled in order to meet the voltage rating
requirements of the OpAmps. Detailed circuit implementation
is available in Figure 18.

C. LED current regulation

Figure 4 shows a diagram of how LED current regulation
is achieved. The Ripple Cancellation Converter is configured
to cancel the low frequency ripple voltage only, and is not
implicated in LED current regulation. LED current regulation
is achieved with LED current feedback loop. This feedback
loop sense LED current and automatically adjusts the PFC
output voltage V,; and further LED current accordingly.

Buck-Boost J_+ Vol
PFC L T 3 L];:P
N
A

PFC ripple

sensing
. +
Ripple Cancellation = vo3

Converter -

Compensation

Figure 4 LED current regulation

III. THE ADVANTAGE OF THE PROPOSED TECHNOLOGY

Various technologies [4-13] have been proposed to
achieve the low ripple current performance as two-stage LED
driver while also maintaining the high efficiency and low
component cost as single stage LED driver. However, these
technologies have also encountered new issues without
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sufficient advantage. The proposed technology contains the
collective advantages from both single-stage and two-stage
LED drivers while avoid their drawbacks. More importantly,
no new disadvantages have arisen. This section discusses the
advantages of the proposed system in great detail.

A. High efficiency

As demonstrated in Figure 2, the averaged voltages of V,;
and V,; are 45V and 5V respectfully. 90% of the output
power is delivered by Buck-Boost PFC directly while 10% of
the output power is delivered by the Ripple Cancellation
Converter, with the power delivered by Buck-Boost PFC
being converted only once. As the input voltage of the Ripple
Cancellation Converter is another output of Buck-Boost PFC,
the power delivered by the Ripple Cancellation Converter is
processed twice. Since the majority of power delivered to the
LED Load has only been converted once, the overall
efficiency of the proposed technology is very close to that of
conventional Buck-Boost LED drivers. The following
equation describes the efficiency performance achievable by
the proposed technology.

_ 1 Q)
Eff yos = 0.9 0.1

EffPFC EffPFC X EffRCC

In (5), Effpos, Effrrc and Effzcc represent the overall efficiency
of the proposed technology, the efficiency of Buck-Boost
PFC and the efficiency of Ripple Cancellation Converter
respectively. Using equation 5, one may note that if 90%
efficiency has been achieved by the Ripple Cancellation
Converter, the proposed technology can achieve 0.99Effprc
efficiency, which is nearly the same efficiency a comparable
conventional Buck-Boost LED driver can achieve.

B.  Electrolytic capacitor-free

When high power factor has been achieved with single
stage LED driver, there is an energy imbalance between the
input and output ends of the LED driver. A significant output
storage capacitor is necessary to accommodate this energy
difference. The required capacitance can only be achieved
using an electrolytic capacitor. However, electrolytic
capacitors greatly limit the lifespan of an LED fixture.
Eliminating electrolytic capacitors is highly desirable in LED
driver design, and has been achieved in this proposed design.

Figure 5 demonstrates the energy imbalance between the
input and output sides of the proposed LED driver in a half-
line cycle. This energy imbalance presents itself as a low
frequency voltage ripple on the PFC output. Approximating
that all of the LED’s power is delivered by V,; , then the
relationship between the energy imbalance and the voltage
fluctuation becomes:

—lCVZ
2

Lo
==CV ol _min (6)

imbalance 2 ol _max

ol _max

1
= E C(V + Volimin )(Valimax - Vulimin)

In (6) , Einpatance 18 the energy imbalance in a half-line
cycle. Voi max and Vi ., represent the maximum and

Input power

output power

Figure 5 Input and output power waveform

minimum values of V,; in a half-line cycle period. C is the
output capacitor of V,;. The required capacitance to achieve a
certain output voltage fluctuation becomes:

C — Eimbalam‘e (7)
V. +V,
A -y

For a 10W output power application with a 60Hz input
line frequency, the energy imbalance, E;,puances in @ half-line
cycle is 0.0273J. With a 9V pk-pk low frequency ripple
voltage allowed on V,,; the required output capacitance for
y, can be as low as 55uF. This capacitance can be achieved

with a ceramic capacitor en lieu of an electrolytic. In the
experimental prototype, three 20uF ceramic capacitor have
been connected to the PFC output voltage V,;.

C. Cost effective solution

The input voltage and output voltage of the Ripple
Cancellation Converter is in the vicinity of 10V. An
integrated circuit which includes MOSFETs, gate driver, and
controllers is widely available implement the Ripple
Cancellation Converter. Thus, cost of the Ripple Cancellation
Converter is minor compared to the overall component cost
of a comparable Buck-Boost LED Driver. Combining PFC
controller and the Ripple Cancellation Converter into a single
integrated circuit package will further reduce component
costs and the design complexity. Section V examines this
point in further detail

IV. DETAIL CIRCUIT DESIGN CONSIDERATION

Low power level Buck-Boost PFC operating under
Constant On Time Discontinues Conduction Mode
(COTDCM) can inherently achieve high power factor and
reduces switching loss. Figure 6 shows the input current
waveform of a Buck-Boost PFC working under COTDCM.

I_pk e

switching .~ Y
y N

Constant switching frequency

Figure 6 Input current of Buck-Boost PFC working under
COTDCM
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The following equations demonstrate why high power
factor can be achieved when Buck-Boost PFC operate under
COTDCM.

The peak input current in a switching cycle:

Vin XTon
Iinipk :T (8)

The averaged input current in a switching cycle:

2
I. — [inip/c XTM — Vin XTtm (9)
in_ave ZTS 2LXTS

It can be shown from (8) and (9) that the averaged input
current is proportional to the input voltage, hence achieving a
high power factor.

The inductor current discharge time must be calculated to
achieve DCM operation and optimized switching frequency.
This calculation is straightforward for single output PFC
where only one output has an effect on the current discharge
time. However, the calculation for two PFC outputs is more
complex. One must analyze how two outputs have effect on
the current discharge time.

For a multiple-windings derived multiple-outputs DC-DC
converter, the reflected voltages (based on their turns ratios)
are equal for all outputs. Looking from the input side, the
collective effect of all outputs is like a single one. However,
the case for multiple outputs PFC is complicated.

R[.]

2R}

2 Y ¢,
Vi
e T (2)

Off time equivalent circuit

Figure 7 Two outputs Buck-Boost PFC off time equivalent circuit

Compared to Figure 1(b), the circuit connected to winding
W2 has now been equivalently reflected to main winding W1
in Figure 7. The turn ratio between the two windings W1:W2
is n. In a half AC line cycle, the output waveforms of V,; and
nV,,, as well as how current flows in the two outputs have
been shown in Figure 8.

To have a clear understanding of how the current
discharge time is affected, the waveform relationship between
V,; and V,, has been analyzed. Parasitic components and
diode forward drop voltages have been neglected in the
analysis and the following symbols have been defined:

E;,;: Inductor energy transfer to output voltage V,; during off
time in a switching cycle

E,;,»: Inductor energy transfer to output voltage V,, during off
time in a switching cycle

E,;: Energy deliver to load by V,; in a switching cycle
E,>: Energy deliver to load by ¥, in a switching cycle

12fie &
[

an/n VoZ

n V()Z

n V().? T

[1>-t;5] and [#5-1,]

[t0-t;] and [#,-2>

[

Figure 8 Output voltages and timing of current flow

As demonstrated in Figure 8, there are four distinctive
operation conditions for this two-output Buck-Boost PFC
during the switching off period.

Interval [7y-#/]

This interval begins at ¢, Two voltages V,; and nV,, are
equal and rise simultaneously. During this time interval, the
following relationship exists:

Einl >Eol
EinZ >E02 (10)
V.,=nV,

ol 02

For each output, the energy transferred from the inductor is
higher than the energy that is being delivered to the load. The
two voltages V,; and nV,, must be equal. Otherwise, the
inductor current will only flow to the lesser voltage of the
two, and eventually they will be equal.

Interval [¢;-1;]

This time interval begins at #;. Both output voltages reach
peak value before falling. The following relationship exists:

Einl <Eol 11
Ein2 <E02 ( )
V=V

In this interval, the inductor energy transferred to each output
is less than the energy that V,; and V,, deliver to the load
(Hence why both output voltages fall). The inductor energy is
distributed in such a way that both voltages can be kept equal.

Interval [7,-#;]

This time interval begins at #,. The waveforms of two
output voltage start splitting, with the following trigger:
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E

inl

E

in2

<E,

=0
| (12)

1
E,-E, =5C1V02| _EC](I/OI _Aan)z

1 1
E, =EC2(”V02)2 _Ecz(”Voz _AVoz)z

AV, > AV,

The condition that two output voltages are equal can no
longer be maintained. Since V,; is much more heavily loaded
than nV,, with respect to their connected capacitors, V,; will
fall at a greater rate than nV,, even if all energy from the
inductors is dedicated to V,; This results in diverging
waveforms. In the remaining time of this interval, V,; is
always lower than nV,,. All inductor energy flows entirely to
V,1. V,; continues decreasing until time ¢;, when the inductor
energy transfer to output V,; is equal to the energy that V,;
provides to the load.

Interval [#3-2,]

This time interval begins at #;. Again, the output voltage
V,; starts rising, with the following relationship:

Einl > Eul
E[n2 = 0

(13)

Since voltage V,; is still lower than nV,,, all inductor energy
is still dedicated to V,;. nV,, continues to fall within this time
interval. This relationship ends at ¢, when V,; and nV,, cross,
completing the operating cycle.

The above analysis has formulaically described the
relationship between V,;, nV,, , as well as demonstrating how
the inductor current flows through each output. This
information has additionally been summarized below in Table
1.

Table 1 voltage across inductor during switch off period

Time interval | Voltage across inductor
ot VorornVs,
1t VorornV,,
t-t3 Vo
13-ty Vo

To reiterate, there are four distinctive operation conditions
for this two-output Buck-Boost PFC, where the effective
output voltage across inductor during switching off period is
always V,;. When calculating the current discharge time, only
V,;need be considered.

V. RIPPLE CANCELLATION CONVERTER INTEGRATION

It has been discussed in section II that the Ripple
Cancellation Converter can be implemented by a single
package voltage regulator. In order to further reduce
component costs and to simplify the engineering design, an

analysis on how to achieve PFC controller and the Ripple
Cancellation Converter integration has been done.

Figure 9 shows the integrated solution of the proposed
technology. Inside the blue box, the PFC controller and the
Ripple Cancellation Converter circuitry have been combined.
Compared to conventional Buck-Boost LED drivers, very
few components have been added (marked in red). The
overall cost of the proposed design is therefore comparable to
that of a conventional Buck-Boost LED Driver.

Buck-Boost PFC

Figure 9 Integrated solution for the proposed technology

However, one issue with this integrated solution is an
insufficient gate driving voltage for the MOSFET Q;. In
Figure 9, the ground level of the PFC controller and the Buck
controller . In this structure, the source terminal of Q; is lifted
by the Ripple Cancellation Converter output V,;. The gate
driving voltage of Q; can be described by (14):

(14)

o

Vgs :Vg_Vs:VDD_V3

In (14), Vpp is the supply voltage of the PFC controller,
which is also the gate voltage when the output logic is high.
A numerical example can interpret the severity of this issue.
Given that the output voltage V,; swings from 0.5V to 9.5V
in the experimental prototype, if the supply voltage Vpp for
PFC controller is 14V, then the minimum gate driving
voltage for Q; becomes 4.5V, which is very marginal to turn
on Q; or leave Q; with high on-resistance. Increasing the
supply voltage for the PFC controller can alleviate this issue.
However, this is a compromised solution since the static
power consumption for PFC controller and Buck controller
will both increase.

In order to solve this insufficient gate driving issue, a gate
driver circuit is required. A conventional gate driver circuit
using bootstrap technology cannot work in this situation. The
voltage presenting on the source terminal of Q; is not a
pulsating voltage. Therefore, a dedicated gate driver circuit
has been designed for the experimental prototype. Figure 10
illustrates the working principle of this gate driver.
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Figure 10 Dedicated designed gate driver for the proposed
integrated

The Ripple Cancellation Converter output V,; and the
PFC controller supply voltage Vpp have been shown in Figure
10. The source terminal of Q; is connected to V,;. There are
two phases of operations associated with the switches in
Figure 10. Table 2 shows the states of each switch in both
phases.

Table 2 Switches states table for the gate driver

Phase 1 Phase 2
S1 open S1 closed
S3 open S3 closed
S2 closed S2 open
S4 closed S4 open

In phase 1, switches S, and S, are closed and the pumping
capacitor C, will be charged by Vpp. In phase 2, S; and S; are
closed and pumping capacitor C, is placed on top of V3.
MOSFET Q1 will be turned on during phase 2. This way, the
voltage applied to the gate terminal of Q; during turn on
become:

Ve =V +V,s (15)

So the voltage level on the gate terminal of Q; has also been
increased by V,;. The effective V, for O, becomes
independent of V3.

VI. EXPERIMENTAL RESULTS

A 10W Buck-Boost LED driver with low frequency ripple
cancellation has been built to verify the proposed technology.
The circuit diagram is shown in Figure 11 and the circuit
parameters are summarized in Table 3.

Table 3 Circuit parameter

Buck-Boost PFC output capacitor 60uF
Ripple Cancellatloq Converter input 20uF
capacitor
Ripple Cancellation Converter output
. 10uF
capacitor

Pt
D,i! I D, +

Dys
) 4
AC G Wi o
v
D, I! ' D, z]! —‘;' o N

Ripple Cancellation Converter
D, L

g A

[ +
W,
: Vor 7 f _RO; Vos

A
' 1
Controller

PFC
Controller

Figure 11 Circuit diagram of the experimental prototype
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Figure 12 Ripple cancellation between PFC and RCC output

Figure 12 demonstrates the low frequency cancellation
between the PFC output V,; and the Ripple Cancellation
Converter output V,;. The original ripple from V,; is up to 9V
pk-pk. After ripple cancellation, the ripple voltage presenting
on LED string has been greatly reduced to only 0.75V.

In order to make an objective evaluation on the proposed
technology, comparisons of the ripple current and efficiency
have been made between a conventional Buck-Boost LED
driver and the proposed technology. The Buck-Boost PFC
inside both technologies are identical and are connected to a
60uF output capacitor.

As it is shown in Figure 13, the ripple current with a
conventional Buck-Boost LED driver is as high as 250mA.
With ripple cancellation technology, the low frequency ripple
current has been reduced to 20mA. The reduction ratio is as
great as 12.5 times.

Input voltage range Universal AC input
LED driver output 50V
Buck-Boost PFC output (DC) 45V
Buck-Boost PFC output (120Hz Ripple) -4.5V to +4.5V
Ripple Cancellation Converter output sy
(DO)
Ripple Cancellation Converter output
PP (120Hy Ripple) P 4.5V to +4.5V
Coupled inductor W1 985uH
Coupled inductor W2 82uF
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Figure 13 Ripple current comparison (a) The conventional Buck-
Boost LED driver; (b) The proposed technology

As the characteristic of LED light in general, there is a
linear relationship between LED current to light output. So
the low frequency ripple current from LED driver should be
linearly reflected as lighting fluctuation. In order to clearly
demonstrate the advantage of the proposed technology in the
form of light output, a experimental to characterize LED
current ripple to LED lighting fluctuation has been done.
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Figure 14 Lighting fluctuation comparison (a) The conventional
Buck-Boost LED driver; (b) The proposed LED driver
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Figure 15 LED Ripple current V.S Lighting fluctuation

A Luminance to voltage conversion device has been made
to capture LED light fluctuation. Figure 14 shows the lighting
fluctuation comparison when LED string is driven by the
proposed LED driver and the conventional Buck-Boost LED
driver. In Figure 15, the relationship between LED current
ripple and lighting fluctuation has been plotted. The voltage
values in Y-axis represent the light ripple. It has
demonstrated that a almost linear relationship exist between
LED ripple current and LED light fluctuation.

Figure 16 shows the efficiency comparison between the
conventional Buck-Boost LED driver and the proposed
technology. Since 90% of the output power is delivered by
the Buck-Boost PFC and has only been converted once, the
overall efficiency of the proposed technology is very close to
that of a conventional Buck-Boost LED driver. The
efficiency achieved with the proposed technology is only 1%
lower than the conventional Buck-Boost LED driver.

=&=Proposed technology == Conventional Buck-Boost
09 |
0.89
0.88 k+ *ﬁi
0.87 **
5 0.86 — =
:g 0.85
S 084
0.83
0.82
0.81
0.8
110 120 130 140 150 160 170 180 190 200 210 220 230
Input Voltage

Figure 16 Efficiency comparison between conventional Buck-Boost
LED driver and the composed technology

Figure 17 shows the gate driving waveform for MOSFET
Q;. As previously discussed, the dedicated designed gate
driver has increased the gate driving signal by the output of
the Ripple Cancellation Converter. Thus, the voltage
difference between the gate and source terminal of Q; is
independent of the Ripple Cancellation Converter output
voltage.
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Figure 17 Gate driver waveform

VIL

This paper has proposed and evaluated an innovative
Buck-Boost LED driver with ripple cancellation. The
proposed design has achieved high power efficiency, has
maintained low component costs, and has enabled a low
frequency ripple-free LED current. The lifespan of the LED
driver has also been increased through the elimination of an
electrolytic output capacitor. This paper has also analyzed an
integrated solution in great detail further reducing component
costs and simplifying the engineering design. A gate driving
issue with integrated solution has been identified and
solutions have also been proposed.

CONCLUSION

A universal input, 10 W output Buck-Boost LED driver
prototype has been built and tested to verify the proposed
technology. Experimental results strongly support the
formulaic analysis. Up to 87.5% efficiency has been achieved
in the experimental prototype, which is only 1% lower than
the efficiency of conventional technology. Additionally, the
electrolytic capacitor has been replaced with a 60uF ceramic
capacitor Lastly, the low frequency ripple current has been
greatly reduced from 250mA in conventional technology to
20mA in the proposed technology.

APPEDIX

Differential end to
single end conversion

Low frequency AC ripple separation
and reconditioning

TPS45629 g

RCC output ‘scale down

I

Figure 18 Detail circuit implementation of Ripple Cancellation
Converter

REFERENCES

(1]

(2]
[3]
(4]

(3]

(6]

(7

(8]

9]

[10]

(1]

[12]

[13]

[14]

1401

A. Wilkins, J. Veitch and B. Lehman, "LED lighting flicker and
potential health concerns: IEEE standard PAR1789 update," Energy
Conversion Congress and Exposition (ECCE), 2010 IEEE

Application note DER-297 4.5W power factor corrected LED Driver
(Non-isolated buck-boost) using LinkSwitch - PL LNK458KG
Application note FEBFL7732 8.4W LED Driver at Universal Line
Using Buck-Boost

C.A. Cheng, C.H. Chang, F.L. Yang and T.Y. Chung, "A novel single-
stage high-power-factor LED driver for street-lighting applications,"
Power Electronics and Drive Systems (PEDS), 2013 IEEE 10th
International Conference on

C.A. Cheng, H.L. Cheng, C.H. Chang, F.L. Yang and T.Y. Chung, "A
single-stage LED driver for street-lighting applications with
interleaving PFC feature," Next-Generation Electronics (ISNE), 2013
IEEE International Symposium

C.A. Cheng, T.Y. Chung, and F.L. Yang "A single-stage LED driver
for street-lighting applications with high PF," Industrial Electronics
(ISIE), 2013 IEEE International Symposium on

Y.J. Wang; Y.S. Guan, X.J. Zhang and D.G. Xu, "Single-stage LED
driver with low bus voltage," Electronics Letters , vol.49, no.7,
pp.455,457, March 28 2013

S. Wang, X.B. Ruan, K. Yao, S.C. Tan, Y. Yang and Z.H Ye, "A
Flicker-Free Electrolytic Capacitor-Less AC-DC LED Driver" IEEE
Transactions on Power Electronics, vol.27, no.11, 2012, pp.4540-45438.
S. Wang, X.B. Ruan, K. Yao and Z.H. Ye, "A flicker-free electrolytic
capacitor-less ac-dc LED driver," Energy Conversion Congress and
Exposition (ECCE), 2011 IEEE

Q.C. Hu and R. Zane, "Minimizing Required Energy Storage in Off-
Line LED Drivers Based on Series-Input Converter Modules" ,IEEE
Transactions on Power Electronics, vol.26, no.10, 2011 pp.2887-2895.
Q.C. Hu and R. Zane, "Off-line LED driver with bidirectional second
stage for reducing energy storage,” Energy Conversion Congress and
Exposition (ECCE), 2011 IEEE

X.B. Ruan, B.B. Wang, K. Yao, S. Wang, "Optimum Injected Current
Harmonics to Minimize Peak-to-Average Ratio of LED Current for
Electrolytic Capacitor-Less AC-DC Drivers" IEEE Transactions on
Power Electronics, vol.26, no.7, 2011, pp.1820-1825.

B.B. Wang, X.B. Ruan, K. Yao, M. Xu, "A Method of Reducing the
Peak-to-Average Ratio of LED Current for Electrolytic Capacitor-Less
AC-DC Drivers," Power Electronics, IEEE Transactions on , vol.25,
no.3, pp.592,601, March 2010

P. Fang, B. White, C. Fiorentino and Y.F. Liu, "Zero ripple single stage
AC-DC LED driver with unity power factor," Energy Conversion
Congress and Exposition (ECCE), 2013 IEEE



	MAIN MENU
	Help
	Search
	Search Results
	Print
	Author Index
	Table of Contents


<<
  /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 /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /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 false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomDGR-Bold
    /NimbusRomDGR-BoldItal
    /NimbusRomDGR-Regu
    /NimbusRomDGR-ReguItal
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  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 /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice



 
 
    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: fix size 8.500 x 11.000 inches / 215.9 x 279.4 mm
     Shift: move up by 10.80 points
     Normalise (advanced option): 'original'
      

        
     32
            
       D:20140115092138
       792.0000
       US Letter
       Blank
       612.0000
          

     Tall
     1
     0
     No
     675
     320
     Fixed
     Up
     10.8000
     0.0000
            
                
         Both
         AllDoc
              

       PDDoc
          

     Uniform
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     8
     7
     8
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: From page 1 to page 1
     Trim: none
     Shift: move down by 3.60 points
     Normalise (advanced option): 'original'
      

        
     32
     1
     0
     No
     675
     320
     Fixed
     Down
     3.6000
     0.0000
            
                
         Both
         1
         SubDoc
         1
              

      
       PDDoc
          

     None
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     8
     0
     1
      

   1
  

 HistoryList_V1
 qi2base



