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A< 5 This paper proposes two methods of reducing the storage capacitance in
the ac/dc power supplies for light emitting diode (LED) lighting. In
(=3 doing so, film capacitors can be adopted instead of electrolytic
capacitors to achieve a long power supplies’ lifetime. The voltage ripple
HE of the storage capacitor is intentionally increased to reduce the storage
3 497 capacitance. The method of determining the storage capacitance for
ensuring that the boost power factor correction converter operates
1EX normally in the whole input voltage range is also discussed. For the
1o purpose of further reducing the storage capacitance, a method of
- injecting the third harmonic current into the input current flow is
5k 4t proposed. While ensuring that the input power factor is always higher
than 0.9 to comply with regulation standards such as ENERGY STAR,
5% ik the storage capacitance can be reduced to 65.6% of that with an input
. power factor of 1. A 60-W experimental prototype is built to verify the
1B I
proposed methods.
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The rapid developm
opportunities in the

such as high efficac

LED® £ &

bened up new
distinct advantages
~<SS, and small size

TTTO, OTITVITUTITT

] I\Jllv LILILA 2

over incandescent and fluorescent Iamil] [4] The power supply for LED

lighting is an ac/dc converter, which cowverts a regular ac voltage to a low dc

voltage for an LED
the ac/dc converter.

LED®, JF %= &
T & F $RL IE (PFC) 3l Bk

rtant requirement of
)immercial luminaries

correction (PFC). In a PFC converter, t

input current is forced to be in phase

[5]. Thus, the ac/dc converter must typtly nave e runcuon of power factor

with the input voltage leadina to a nulS#ina innut nower while the output power

IS constant. To achig

for balancing the ins

PFCA: #t 28 75 AR K B i b v 5

Dacitance is required
high capacity

capacitor. However, it is well known t

because of its liquid electrolyte, the

required for capacitance, an electrolytIpacitor Is often used as the storage

lifetime of an electrolytic capacitor is

e limited with only several thousand

hours under rated of
theoretical lifetime ¢

i | A F e R,
5 LED# K & A~ A [T B

tive design, the
)00 h (at a high

operating LED’s ten

nperature) [6]. THIS 1S mucn shorter than

he potential lifetime

of LEDs (50 000 h). Thus, the electrolytic capacitor is an obstacle to the overall
long-term reliability of the LED and its power supply.
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A review of literature shows that a variety of LED power supplies and driver
solutions, which can accurately controljie current of the LED while achieving a
near-unity input power factor, have belproposed [7]-[10]. However, an
electrolytic capaci‘—

- : PFCE # 2 W8T 78 47 34, il

converters G N NN Ind single-stage.
e ) X 6 07 52 A1 B R/ i B R A o

Two-stage PFC converters consist of a PFC stage and a dc/dc stage. They have

been widely applied in adaptors for laptops and silver box [11]-[14]. Single-stage
PFC converters integrate the PFC stage and the dc/dc stage, leading to simple
topology and low cost. They are suitable for low-power applications [15]-[18].
Unfortunately, no effective method has been proposed to significantly reduce the

storage capacitance in a PFC converter such that a long lifetime of a converter can
be achieved.
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i I1. Increase of the Voltage Ripple to Reduce the Storage Capacitor

A. Relationship Between Voltage Ripple and Storage Capacitance of a Two-Stage
iE X‘ PFC Converter

B. Maximum, Minimum, and Average Values of the Storage Capacitor’s Voltage
9E 3 :

Gk C. Design Example

3 34t [11. Injection of Harmonic Current to Reduce the Storage Capacitor

A. Relationship Between Storage Capacitance and Input Power Factor

sEX# |,

T’E%"fgﬁf}\ C. Control Method of Third Harmonic Injection

Relationship Between Third Harmonic Injection and Storage Capacitance

2012-12-2 V. Experimental Verification
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This paper proposes two methods that can be used to significantly reduce the
storage capacitance, so that film capacitors, instead of electrolytic capacitors, can
be adopted to achieve a long lifetime of the PFC converter. In a two-stage PFC
converter, a storage capacitor is used to balance the pulsating input power and the
dc constant output power. To significantly reduce the storage capacitor, the
voltage ripple of the storage capacitor can be intentionally increased. However, a
very large voltage ripple can result in the unstable operation of the boost PFC
converter and a very high voltage stress on the power switches. This paper gives
the derivation of the relationship between the voltage ripple and the value of the
storage capacitor, and proposes a guideline for the selection of a suitable value for
the storage capacitor. Moreover, a method of injecting the third harmonic current
Into the input current flow is proposed to reduce the pulsation of the input power.
This can further reduce the storage capacitance. While keeping the input power
factor at 0.9 to comply with the requirement of ENERGY STAR, the storage
capacitor can be reduced to 65.6% of that with an input power factor of 1. A 60-
W prototype was built and tested. Experimental results validated the feasibility of
the proposed methods.
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Notes to the Reviewers/Associate Editor/Editor

The authors would like to thank the reviewers, the Associate Editor, and the Editor-in-Chief
for your constructive remarks and suggestions. A revision has been carefully performed on
this paper according to the suggestions provided. The following are the changes made in the
revised paper.

Reviewer: 1
There are two points mentioned in the reviewer’s comments, and our responses are:

1. But, a very long part of the paper is reserved for description of well known power
converters. Presentation of power converters and source association rules is too basic.

Answer: We have tried to condense Section 11, and have deleted Fig. 2 of the original version,
so that this part becomes more concise.

2. Power rate and constraints as cost, efficiency and integration are not considered in the
synthesis, while they are essential.

Answer: We have added a paragraph at the end of Section VIII (page. 18) to address the
power rating and constraints as cost, efficiency and integration. However, we should stress
that the aim of this paper Is a circuit theoretic approach for synthesizing circuits.

Reviewer 2
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