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Energy Conversion Efficiency Improvement of Piezoelectric Micropower Generator
Adopting Low Leakage Diodes

SHEF -ZBEH - H K
(Hyejoong Kim - Sungmuk Kang - Hoseong Kim)

Abstract — In this paper, we show that, in case of piezoelectric micropower generator, just replacing Schottky diodes in
the bridge rectifier with ultra-low reverse leakage current diodes improves the mechanical-to-electrical energy conversion
efficiency by more than 100%. Experimental and PSPICE simulation results show that, due to the ultra-low leakage
current, the charging speed of the circuit employing PAD] is higher than that of the circuit employing Schottky diodes
and the saturation voltage of the circuit employing PADI is also higher. This study suggests that , when the internal
impedance of source is very large (a few tens of M®) such that maximum charging current is a few microamperes or
less, in order to realize literally the energy scavenging system, ultra-low reverse leakage current diodes should be used
for efficient energy conversion. Since low-level vibration is ubiquitous in the environment ranging from human movement
to large infrastructures and the mechanical-to-electrical energy conversion efficiency is much more critical for use of
these vibrations, we believe that the improvement in the efficiency using ultra-low leakage diodes, as found in this work,
will widen greatly the application of piezoelectric micropower generator.
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Fig. 4(a) Measured storage capacitor voltage(V,=0.1 V, solid
line : curve fitting)
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Fig. 4(b) Measured storage capacitor voltage (Vp=1 V, 25
V, solid line : curve fitting)
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2.2 Equivalent Circuits and PSPICE simulation
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Fig. 10 Simulated current flowing into the storage capacitor
in saturation charging state

a9 9, 109 PSPICEE AM&3t9 ART 2719 F33
79} saturatioin’dBle] £H AFE =ASIAT. 27 94A
Aol MNFAFHE 279 $H ARE AAS BYH &0
A9} 737t FE Schottky Thol =9l A HF7F PADL
Hoh 44 328 AL & = Ydx, o7 Schottky thole
=9 AL F7e dY FHEPF 22 AL £ 5 ¢
(0006x F2). 34 z7l8 HQAFE L15m F=7t =Y
ANAME Y A2 FE=2 F/EA Foh AT A
ol FHE kel A woldd wet tolesd g
o2 e AYE FolAA H1 o2 g3 Hurdg +4
AFE 9A AANEM $4 =71 =8AA gv a3e
2 Schottky THo)2EE A143l4 bridge AFIZE T4
& S, dA7l= el AR Fodd FAHE AR
EFHFHANY FUY AFY FFE YA o] ZopAA
o o)A FAAGe] FoEA & & saturation’FEle] o2 A
Bt 23y 10& 2Y CE &8 Eoj7te (H)AFY WY
(FHAP I CllA dgFez Fejves (HAFY B
(FAA O] Zold AHE AT 4 Ut o] )AFHE
FARAF2Z A Schottky thole =g Hutgkoz B 3ld &
20 ZAfHoZ o] 7|7t FUA Cov WAl HE& vt
g3, PADl thole =g A3 bridge AFRIRY F¢
Schottky thole s} vjma] VFY &2 A +4 HF
(1 pA/30 nA)7} 3222 I3 1004E 022 EANHA o
T4 AFE FASY AT "Hole RS Ygujsing, 2R
AL HHAUNA AAAE N AL FHHA G wt
A ol AMEHold B Ad AFNE AHeEHEE FHE
&9 3lolA PAD1 the]@ =7} Schottky thol2=xrct 4
SF3ttE A2 & 5 Uk

HH, storage AHAMEY fFol 1 4 ol z AAA
HY AFAEHY FAAY FUEES duFHes =2HA
Hog &9 A A3ty 5o o ge] A& 7
of doixA Ho} =, a¥g 117 ol FHo] AaHE &
Hlo] = Schottky theloE o] & £ %7 PADIXET} W27
YeEGA Bk AR, ASRAEY del HAr F7AE
wel dugk A AR EAo] A FHA gL
2 9%8e 71AA H1, AF saturationd Y¢S PAD1 thel
=8 ALT ASe dA 9 AxA B

941



BREPEFH L 568 5% 20074# 58

31

28 |

21

Voltage(v.

© Schottky_measured
X PADI_measured

-+ -Schottky_simul.
——PADI _simul.

0 10 20 30 40 50 60 10

Time(sec)

a3 1122 #F MEHIYAIE{o| st AjZtol| whE ST
o 2x@nel Algalold Bt

Fig. 11 Measured and simulated strorage capacitor voltage
(Cs=22 #F)

38 &

B =3 AME piezoelectric micropower generator
(PMPG)Y |ollA 71&¢] F2 ALES bridge AF3 2
9] Schottky Thole=8 Awrdk ¥4 AF/ 1 pA ost=2
)¢ z2& PAD] thole =g ulF oz 7AF Aqu2E
H A7 R 2o ouix] AP &L F ul o] T}
A % gloE AlES A F 2AAGY Fart
500 Hz ©lat2 wu AYAe UE dsd2rt wfjg AN
Ay ZAAFI F @ o8 AS, Bok A&AHY FF
Yz +3 AXNE 787 98 e I9uF FHAFI o
Z e the]Q =g Algdol L HAASIATE YT o]
22 Z4s3ly] 93] PSPICE A EdHold 3 H4d& T3l
PADI& o] &% gz7t 38 £5 543 saturationd ¢S
Aol 91eJA Schottky tholL=E o]4% 3lzH HF3I
o =gtk AMAS #Q sgoh =& Schottky thol2EE
/\]--g-fsl-oq AMAE 7t 9A ALOZ saturation HAE o,
27 AFE B8 2AHE A F Fo] g0y ¥4 A
FE oaﬂ A Urte dstel & 3 gepivke A S
PSPICE A EdolAg ol &3] #ilch

o7 A E 7NAF AJUAZRE H7H dUAR
9 wigoe] 7153 e AFEC) F4 EAsn Ut E
ol e VEES2HEYH AH JUAE 73 E AT o
A% 2A mE&or & Ho) w2 A ¥ME agolg.
B =R A melutsh Zo) gwdk w4 HA{IE obF FH2
t}e] 9 =& o] &3ttt PMPGE A%S A I ANE F
gee EZ2ox, o FI FF oOF #©E FoklA
PMPG7t 242 £ & oz 7iddn.

z Aol

2
B AFE 20054E F4Y B H& AT
oz syHen o) FA=YY

942

ot

r9_||'

i &

[1] Chandrakasan A, Amirtharajah R, Goodman ] and
Rabiner W, 1998 Trends in low power digital signal
processing Int. Symp. Circuits Syst. 4 604 -7

[2] R. Amirtharajah and A. Chandrakasan, "Self-powered
signal processing using vibration based power
generation,” IEEE J. Solid-State Circuits, 33, pp.
687-695, 1998.

[3] S. Roundry, P. K. Wright, and J. Rabaey, 2003, A
study of low level vibrations as a power source for
wireless Sensor nodes Elsevier Computer
Communications, 26, 1131-1144.

[ HW Kim, A. Batra, S. Priya, K. Uchino, D.
Markley, R.E. Newnham, HF. Hofmann, "Energy
harvesting using a piezoelectric "cymbal” transducer
in dynamic environment” Japanese Journal of
Applied Physics Vol. 43, No. 9A, 2004, pp.
6178-6183.

[5] M. Ericka, D. Vasicl, F. Costa, and G. Poulain, 2005,
Predictive energy Harvesting from mechanical
vibration using a circular piezoelectric membrane,
IEEE Ultrasonic Symp. 946 - 949

(6] YB. Jeon, R. Sood, J.-h. Jeong, S.-G. Kim, 2005,
MEMS power generator with transverse mode thin
film PTZ, Sensors and actuators, A, Physical 122:11,
16-22

[71 Y C Shu and I C Lien, 2006, Efficiency of energy
conversion for a piezoelectric power harvesting
system, J. Micromech. Microeng., 16, 2429 - 2438

[8] C. D Richards, M. J Anderson, D. F Bahr, and R. 'F
Richards, 2004, Efficiency of energy conversion for
devices containing a piezoelectric component, J.
Micromech. Microeng. 14 717 - 721

[9] G. K. Ottman, H. F. Hofmann,and G. A. Lesieutre,
2003, Optimized Piezoelectric Energy harvesting
circuit using step—down converter in
discontinuousconduction mode, IEEE Trans. Power
Electronics, VOL. 18, NO. 2, 696-730

{10] Cho J, Anderson M, Richards R, Bahr D and
Richards C 2005 Optimization of electro-mechanical
coupling for a thin-film PZT membrane: 1. Modeling
J. Micromech Microeng. 15 1797 - 803

[111 Shu Y C and Lien I C 2006 Analysis of power
output for piezoelectric energy harvesting systems
Smart Mater. Struct. 15 1499 - 512

[12] Richards C D, Anderson M J, Bahr D F and
Richards R F 2004 Efficiency of energy conversion
for devices containing a piezoelectric component J.
Micromech. Microeng. 14 717 - 21

[13] Chul H. Park, 2001, On the" Circuit Model of
Piezoceramics, J. of Intelligent Material Systems and
Structures, Vol. 12, 515 -522

[14]1 H. A. Sodano, D. J. Inman, and G. Park, 2004, A
review of Power Harvesting from vibration using
piezoelectric materials, The Shock and Vibration
Digest, Vol. 36, No. 3, 197 - 205



Trans. KIEE. Vol. 56, No. 5, MAY, 2007

438 5 (& & B
1982'd 8¢ 24YA. 2006 TG
AAA7|FHE b 2006 39-EA
TN HAAITHE AL

28 (EER
19843 349 3¢44. 20073 F4Ustz A
ARV BHR A 2007 3L-BA F
Fdistm AAHATEHY A

Z s M (28R
1957 109 11¥4. 19803 H&3Fd A
7] &3 Al 198249 F diged A7)
Fga MAL 19929 SUNY aybuffalo
A7)t whA}b 19839 9¥-1986d 8¢
4 A7 7ledrx: F¢ 974
19939 392-3AA FdUgE AAANFT
gr 2y
Tel : 02-820-5292
Fax : 02-825-9210
E-mail : hkim@cau.ackr

e Clo|REE A8 MM AWUNI| &8 Mool #et d7 943



