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A SWITCHED-CAPACITOR-BASED SERIAL DC-DC CONVERTER
USING CLEAN ENERGY POWER SUPPLIES

KE1 EcucHI', SAWAT PONGSWATD?, KITTI TIRASESTH?
HiroFUMI SASAKI?, ICHIROU OO0TA* AND TAKAHIRO INOUE®

!'Department of Technology Education
Shizuoka University
836, Ohya, Suruga-ku, Shizuoka 422-8529, Japan
ekeguch@ipc.shizuoka.ac.jp

2Faculty of Engineering
King Mongkut’s Institute of Technology Ladkrabang
Ladkrabang, Bangkok 10520, Thailand
{ klsawai; ktkitti }@kmitl.ac.th

3Tokai University
9-1-1 Toroku, Kumamoto-shi, Kumamoto 862-8652, Japan
hsasaki@ktmail.tokai-u.jp

4Department of Information and Communication
Kumamoto National College of Technology
2659-2, Suya, Koushi, Kumamoto 861-1102, Japan
oota-iQtc.knct.ac.jp

SDepartment of Electrical and Computer Engineering
Kumamoto University
2-40-1, Kurokami, Kumamoto 860-8555, Japan
pt-inoue@cs.kumamoto-u.ac.jp

Received February 2010; revised June 2010

ABSTRACT. Aimed at mobile back-lighting applications, a switched-capacitor-based serial
DC-DC converter is proposed in this paper. By using battery energy and solar energy,
the proposed converter generates the stepped-up voltage to drive white LEDs. Unlike
conventional multiple-input parallel converters, the output voltage of the proposed con-
verter is generated by adding the output voltage of the SC-based circuit to the voltage of
solar-cells. For this reason, the proposed converter can realize not only small hardware-
cost but also wide input-range. Concretely, in comparison with the conventional parallel
converter using 1.5 x step-up SC converters, the proposed converter can achieve 20%
reduction of hardware cost and 16% extension of input range. The characteristics of the
proposed converter are clarified by theoretical analyses. Furthermore, SPICE simulations
and experiments show the validity of circuit design, where theoretical results correspond
well with simulation results. For this reason, derived theoretical formulas can provide
basic information to design serial SC DC-DC' converters. The proposed converter will be
useful as a LED driver circuit for display back-lighting.
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1. Introduction. As one of the most ideal back-light solutions, white LEDs have been
used for small color displays in portable devices. To drive white LEDs, switched-capacitor
(SC) DC-DC converters [1-17] have been employed, because capacitor-based converters
can be designed without magnetic elements. Although the power efficiency of capacitor-
based converters is inferior to that of inductor-based converters such as buck converters,
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