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ABSTRACT. To realize battery-free operation employing energy harvesting, a step-down
switched-capacitor-based converter has been used as a vibration-to-electricity converter.
In this paper, to improve power efficiency, an AC-DC converter realizing 1/Nx (N =
2,3,...) step-down is designed by using switched-capacitor techniques. Although conven-
tional converters offer a DC output by requlating the stored energy in a big capacitor,
the proposed converter generates a DC output by realizing AC-DC conversion. Thus, the
proposed converter can improve power efficiency. To clarify effectiveness of the proposed
converter, theoretical analysis is performed concerning power efficiency and equivalent
circuit. When the AC input is a rectangular-wave voltage, the theoretical results obtained
by the theoretical analysis are consistent with SPICE simulated results. Furthermore,
SPICE simulation results show that the proposed converter can improve power efficiency
about 32 % from the conventional converter when Ry = 1009). Next, the validity of
the circuit design is confirmed by experiments. The experiments show that the proposed
converter can offer stepped-down DC wvoltage from sinusoidal voltage.
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1. Introduction. In the field of WSN (Wireless Sensor Network), energy harvesting
attracts many researchers’ attention. Although the WSN is composed of a large number
of wireless sensor nodes, battery-free operation can be realized by using energy harvesting.
As a power source for the energy harvesting system, there are many ambient energy
sources such as solar power, vibration-based power and thermoelectric power. Among
others, a piezoelectric (PZT) element for scavenging vibration-based power is one of the
most popular elements as an energy source of the energy harvesting system. To supply
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