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Design of Micro-structured Small Scale Energy Harvesting System for
Pervasive Computing Applications
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Abstract

In this paper, we designed micro-structured electromagnetic transducers for energy harvesting and
verified the performance of proposed transducers using finite element analysis software, COMSOL
Multiphysics. To achieve higher energy transduce efficiency, around the magnetic core material,
three-dimensional micro-coil structures with high number of turns are fabricated using semiconductor
fabrication process technologies. To find relations between device size and energy transduce efficiency,
generated electrical power values of seven different sizes of transducers (3x3 mri, 6x6 mr, 9x9 mr, 12x12
or, 15%x15 mr, 18x18 mf, and 21x21 mr) are analyzed on various magnetic flux density environment
ranging from 0.84 T to 1.54 T and it showed that size of 15x15 mr device can generate 991.5 (¥ at the
8 Hz of environmental kinetic energy. Compare to other electromagnetic energy harvesters, proposed
system showed competitive performance in terms of power generation, operation bandwidth and size.
Since proposed system can generate electric power at very low frequency of kinetic energy from
typical life environment including walking and body movement, it is expected that proposed system can
be effectively applied to various pervasive computing applications including power source of embodied
medical equipment, power source of RFID sensors and etc. as an secondary power sources.
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Fig. 2. Fabrication process flow of proposed
energy harvesting device.
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Fig. 3. Geometry design for computer simulation.
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Table 1. Modeling parameters for performance

analysis.
Parameters Values Units
Transducer dimension 3an*3anx1

3
(an=1~7) 1
15%x15x1 m’

(widthxlengthxheight)
(Target size)

Pattern size 10x1 ;um2
Magnetic substance
thickness 08 i
Magnetic flux density 0.84~154 T
Coil material Copper
Number of turns 6000 turn
Voltage [V]
20 - - -
3x3 6x6

*gx9  M12%x12
.-!-15)(1,5 ,,018)( 18

5 -
i
-5
-10 -
-15
-20 -
0 0.05 0.1 0.15 0.2 025
Time [sec]

3™ 4. 2xA7)0) BE BAALAT,
Fig. 4. Effect of transducer size on generated
output voltage.
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Table 2. Performance comparison of several research results on electromagnetic power generator.
(x: Estimated value from literature, *#*: simulated value)
Reference Year P() F(Hz) V(()glnlr)n €
Shearwood - Sheffield University(UK) 1997 03 4,400 0.025
Mizuno ~ Warwick University(UK) 2003 0.0004 700 2.1
Kulah - Michigan University(US) 2004 0.004 25 2
Glynne-Jones - University of Southampton(UK) 2004 2,800 2,300 3.66
Scherrer - Boise State University (US) 2005 7,000 35 9
Sari - Middle East Technical University(Turkey) 2007 05 3,300~ 3,600 14
Serrer - University of Barcelona(Spain) 2008 55 380 0.8
Perpetuum PMG-17 - UK company 2008 1,000 100 135
Feero Solutions VEH-360 - US company 2008 430 60 250
Proposed energy harvester by authors 2009 991.5 8 0.225
g wAFe] A4 AHEZEE fE7]78o)

18x14 1x2

{rm}

9xg 12x12 1.5"1.5
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Fig. 5. Effects of magnetic flux density and
transducer size on generated output

power.
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