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Abstract

Micro power generating devices were fabricated by using a gold electroplated coil and a permanent magnet. The electrical power was
generated when the magnet reciprocated on the fabricated electroplated coil. The output power was increased as a function of vibration
frequency. A measurement system, which convert a rotational motion of a motor into a linear motion, was designed and fabricated. The
purpose of this work is to develop the micro power generating devices which convert the ambient vibration or oscillating energy into
useful electrical energy. With changing vibration frequency from 0.5 to 8 Hz, the generated power increased linearly. The generated volt-
age was 106 mV at 3 Hz and 198 mV at 6 Hz. After using the step up circuit, the measured voltage was 81 mV at 3 Hz and 235 mV at
6 Hz. From above the frequency of about 4.5 Hz, the gain obtained by using the quadrupler circuit becomes larger than the loss without
using that circuit.
� 2007 Published by Elsevier B.V.
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1. Introduction

Nowadays, energy harvesting device, which convert
mechanical energy into an electrical energy, has actively
investigated. There are many devices which generate elec-
trical output power from vibrations, oscillations or thermal
motions. These devices included inductive devices [1,2],
capacitive devices [3], and piezoelectric devices [4,5], etc.

In this work, the micro power generator in which a per-
manent magnet moves horizontally on a flat wound coil
was fabricated. The electric power output is generated
due to the outer vibration. The winding coil made by elec-
troplating can be a square type or a circular type spiral
structure. This kind of self-power generating device can

supply power to sensors, electronic devices, and portable
electronic devices. Also this device can recharge the second-
ary battery.

The most serious disadvantage in the self-power genera-
tor is that only small power is generated. Therefore to over-
come this disadvantage, amplification of the voltage is
necessary. And the generated output is alternating (AC)
voltage, thus converting into direct (DC) voltage is neces-
sary to be applicable to any portable DC electronic devices.

2. Experimental methods

In this work, a square type spiral coil structure was fab-
ricated by using a gold electroplating technique. A 4-in
pyrex 7740 glass wafer was coated with a chro-
mium(200 Å)/gold(1000 Å) seed layer by thermal evapora-
tion. In order to form a 15-lm-thick electroplating mold,
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an AZ4620 thick photoresist was used. Then 7 lm thick
gold layer was electroplated into the form of coil shape
using the photoresist mold. Non-cyanide neutral gold elec-
troplating bath (NEUTRONEX 210, EEJA) was used for
preventing the damage of the mold during electroplating.
The current density was set to 4 mA/cm2, and the deposi-
tion rate was 0.25 lm/min. After stripping photoresist
mold using acetone, remaining seed layers between the elec-
troplated conductors were removed for electrical isolation
by successive wet etching of gold and dry etching of chrome
with Cl2 plasma at an RF power of 150 W.

The electroplated coil structure was analyzed by using a
scanning electron microscope (SEM). The SEM image was
taken by Nova SEM 200, FEI Co. The thickness and width
were 7 and 20 lm, respectively.

The magnetic field strength of the permanent magnet
was 4200 G. The fabricated coil was placed to the magnet.
The length and turns of the fabricated coil was 1.6 m and
197 turns, respectively.

To measure the alternating voltage and the rectified
voltage of the micro power generator, MSO6034A oscillo-
scope of Agilent technology was used. The generated volt-
age was alternating as shown in the oscilloscope. Through
the rectifying circuit, this alternating power was converted
into direct power and the generated voltage was stepped-up
into a higher voltage using a quardrupler circuit.

A measurement system, which convert vibration energy
into electrical energy, was also fabricated for characteriza-
tion of the micro power generating device. Fig. 1 shows the
schematic block diagram of a measurement system for self-
power generating device. The system composed of a motor

with a reduction gear, a speed or frequency controller, a
circular plate, a connecting rod, and a linear sliding stage.
After setting a permanent magnet on a holder of the sliding
stage, the holder was reciprocated according to the set
speed of the controller. As the motor rotate, the circular
plate fixed on the axis of the motor rotate, and the rotation
movement changes into the linear motion by the linear
slider through the connecting rod. The coil is fixed on the
preset position, the magnet on the holder reciprocate
according to a preset speed or frequency.

In this micro power generator, the magnet reciprocate
laterally, not vertically on a surface of a winding coil,
which is different from the normal solenoid typed power
generating devices by using a magnet and a coil.

3. Results and discussion

The key parameters, in the design of power generating
coil structure, include the outer dimension, the width of
the metal tracks, the thickness of the metal, the number
of turns of the spiral and the substrate material. If the sub-
strate is not a perfect insulator, there will be some parasitic
loss in the substrate.

The magnetic field strength of the permanent magnet
was 4200 G. The fabricated coil was placed to the magnet.
The length and turns of the fabricated coil was 1.6 m and
197 turns, respectively.

Fig. 1. Schematic block diagram (a) and a picture (b) of the measurement
system for the fabricated micro power generating devices. The system
composed of a motor with a reduction gear, speed and frequency
controller, circular plate, connecting rod, and linear sliding stage.

Fig. 2. SEM pictures of the fabricated gold electroplated coil structure: (a)
A magnified picture (200·); (b) a magnified picture (1600·).
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