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Nomenclature

: Mechanical strain

: Mechanical stress

> Young's modulus

. Piezoelectric strain coefficient
. Electric field

: Electric displacement

. Electric charge density

. Dielectric constant

. Energy

: Capacitance

. Piezoelectric layer thickness
. Substrate layer thickness
: Charge

: Force

: Moment

: Curvature

: Width and length

. Peak to peak of voltage

. Root mean square of voltage



Summary

Recently, semiconductor production technology was able to
improve by development of a new type elements and modules by the
technology of VLSI(Very Large Scale Integration), and CMOS has
increased the interest about the USN which has been commercialized
since 2010. The USN is infrastructure of the high—intelligent society
to play with anyone, anytime and anywhere through the
context—awareness and knowledge contents generation of things or
environment information from tag or sensor node which is attached to
somewhere. To drive the USN using sensor node, the method of
using a battery or connecting the power is expansive to keep use and
has a possibility to destroy the environment. Therefore researchers
who study for getting energy from low density energy such as solar
heat, solar light, vibration, wind power and wave power study out
wireless energy harvesting. This study suggests the method for
getting the energy effectively by piezoelectric element from unused
energy such as abandoned low energy density. In addition, the
optimum energy harvesting equipment which used piezoelectric

element is introduced.
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Table 1-1 Energy and power sources comparisons|7]

Secondary L
Power Energy Power Voltage | Commercially
Power source ‘ storage ) i
MW/em' | Joules/cm' | (W/cm/yr regulation? | available?
needed?
Primary battery N/A 2,880 90 No No Yes
Secondary battery | N/A 1,080 34 N/A N/A Yes
Micro fuel cell N/A 3,500 110 Maybe Maybe No
Ultra capacitor N/A 50~100 1.6~3.2 No Yes Yes
Heat engine 1x106 3,346 106 Yes Yes No
Radioactive(®Ni) | 0.52 1,640 0.52 Yes Yes No
Solar(outside) 15,000* N/A N/A Usually Maybe Yes
Solar(inside) 10* N/A N/A Usually Maybe Yes
Temperature 40* T N/A N/A Usually Maybe Soon
Human power 330 N/A N/A Yes Yes No
Air flow 380" | N/A N/A Yes Yes No
Pressure variation | 17 N/A N/A Yes Yes No
Vibrations 375 N/A N/A Yes Yes No

* Measured in power per square centimeter, rather than power per cubic centimeter.
T Demonstrated from a 5C temperature differential.

T Assumes an air velocity of 5ms and 5 percent conversion efficiency.

9§ Based on lcr closed volume of helium undergoing a 10C change once a day.
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AdutAl A A S Fig. 2-29F £ Perovskite 722, & AA +%
obo] 2+ 47}9] F4 o] 2(Titanium Y+ Zirconium), 2712l &% o]&(Lead %
Barium)# O°~ o]& 22 Ao glth Fig. 2-2(b)¢k 2ol AA o] ALAA

LA

L+ Rhombohedral W3 ole}t Bl =7 QoA 2z 2AHLS A

rr

ro
iy,
o
4

A2+ = Pb, Ba, other large,
divalent metal ion

O O% = oxygen

B4+ =Ti, Zr, other smaller,
(-] f
tetravalent metal ion

(a) Temperatures above Curie point (b) Temperatures below Curie point

Fig. 2-2 Crystal structure of a traditional piezoelectric ceramic

Fig. 2-2(a)¢} o] #A & A (Curie point)ol] #Eale= &% o) iolA 2AH
Alete) Wi ZEzEe] perovskite TERE S EWEES JA4SHA e de S
Ao S wHAth AT Fig. 2-2b)AH FAH o8t HE 2ZoA 7zt



™

—
fite)

%

il

t}. Fig. 2-3(a)¢} 2

ol

=2
=~

s

ok
2

A3 ot

] Q12

j
a-

1] of] A

A2t

%

d

o)
H

Fig. 2-3(b)* &

A A =

o

vAO
o

—_
fite)

ol

)

—
fite)

A ®ch. 283 Fig. 2-3(c)A 4 A 7173o] A

S

= A

2 wpEko

(¢}

&

goll HEA Eot

Nro

™

vAO
o

o

‘._mo

ol
ar

A2}

g

L 11 1

SERUAY,

(c) Remanent polarization

11 1 1
!

1

)

(+)

I

I
W riri
111

L 40]

11

11N/

N /7

f\

L

4% A

(a) Random orientation of (b) Polarization in

after electric field

DC electric field

polar domains prior

removed

to polarization

Fig. 2-3 Polarizing a piezoelectric ceramic

| 2B E Al &S e

NagE 5

[e]
A 9

3

—_L
=

FAA Az 54l whel,

£t} Fig. 2-4

KeX
=

A BAYA ARE T 54
2 BelFETh A F3t A WA

A2t

o)
H

T
Hr
<]

X

Bl 2] A]

]

o

KeX
=

L
=

717 022 SAT7F vA] Rk

%

2o Ay T4

7FA 71 4L,



_
e s i W R TR T
woMoo e ®O% U i g RREET @
% oF X A qro2 T o X o
B o X et X8 o N
—~ = = 8 . = - e
MR " A T D s ® 5 ) -
S ) T &5 I
E S N T O ON oo om W OW o i
% 1#_!!0 ~o J:HL ﬂ% _ ﬁo . XL
Bl X o)) e o 0= = 9 H o oF M T T 1El,
k ﬂemﬁwyzlzﬁﬂﬂﬂﬂg
= s TH = i
5 5 T B E ol CE S
m 0 =L Nl Ho q T 5 o~ e
= woN = X X ) - o :
. TSR g R ) —
: = s n~ B ﬁl __a._. iy s W7 B
o 3 oW PR o R e ap T 3 O
=5 K Gl CIY 2 T do
< 5 2L B \UI O ) 7 , ° T ﬁ
208 > P oo " W om B
R T S Ty B o gE g 5
2, M S = B M W o ™ W ‘_.ﬂ i < o
i = = ZTl - 0 ol [ ZA 6N ~q
5 oo CR N S S o
© G MoE Ap iy 03 =
~T T N T Sm ~— "
o ol T ® @& o Yo & @ T y T
-2 1@ o o G ™ o o ‘S m T 1_] = .
= m ﬁﬁ [==0) ~ i i O#D S k) o, \m.W ) =
.9 15) W jars )AO T N i o © 2
= + ‘mw B 0 — lA ~ - o N ‘mﬂ Lf
: > A EE LO
28 S T = g M X - © o B T b
£ = i 1l N -
R E A "~ TGS I
- A ! [vigze) ﬂ_,Al 0 ,_mv_m_n il M - o =
N o S m_. G+ i ar EH = B o oo -
R B =S5 "wE s ol
. D m ox o X = 0
A N e
FTETP 4y E R T I a5 b
T o T T Z oo T N
W - o o N R _
@Miﬂr?;oﬂ;oﬂ%moﬂ%ﬂ%
o % o " & mw - Ny & G
L =0 o o0
;oo ~X _ o o °
~ m W R TN OB T E o o o K E

o}

A &&= IS



———— generator action motor action

: =) | -)
. .
8 (+)
3 E:
» %
="
=
=
=]
=9

)

(+) (+)

(a) Disk after (b) Disk compressed: (c) Disk stretched: (d) Applied voltage (c) Applied voltage
polarization generated voltage generated voltage has same polarity has polarity
(poling) has same polarity has polarity as poling voltage: opposite that of

as poling voltage opposite that of disk lengthens poling voltage:
poling voltage disk shortens

Fig. 2-5 Generator and motor actions of piezoelectric element
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11
1 ) .
o= S—P(Z_ZC), for non-piezoelectric layer (2-14)
1 —p(z—2,)+ dy Ey 2
SUp:—Sﬁ p( E) i 3)
S
1
—dyy|— (= p(z— 2.+ dglEg))E3 +—eg, B
11
1 1 )
au, = 5(5m01)01 = §sm(— plz—2,)) (2-15)
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oo \Jo ~h,
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Table 3-1 Model and spec. of experiment device

Experiment device Model Specifications

Rated output power : 50N

Vibrator HEV-50
Frequency range : 10Hz ~ 5.0klz
Output power : 40W
Amplifier EA155 Output current : 7A
Input voltage : -12 ~ 12V
Function Generator 33220A 20MHz

DAQ system DEWETRONbS000 | Modules of using: DAQP-V-BNC

)
o
J= AR ] NHFESE HE Aot

DAQ system DAQ system Voltage Electrical
(DEWETRONS5000) (DEWETRONS5000) Current circuit
Voltage Voltage
Piezoelectric element Piezoelectric element
Function generator & Function generator &
Cantilever Cantilever
Pulse Pulse
Vibration Vibration
Power Power
Amplifier Vibrator ‘ ‘ Amplifier }—'IE
(a) Output voltage measurement (b) Voltage and current measurement

Fig. 3-1 Block diagram of experimental setup

Fig. 3-2= A3l A&7l flste] Alzbd s en o] Jfefeelr,

=
Aol AbEE A”EHW e QA2 Aol s dFumola, Y] AV]=

o

Lx13x2mmo] ™, ZAo] Lol =7]E 150, 170, 190, 210mm .= A zrst gt A zte 70
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el ol nfo] BelolB & AZstr] flste] oA TS A en, o] ofA
AL 7E who] B o] B LA
Zlolth, Ab&3k 9Fxl AzbE Hard PZTAl whelRZd Ale}

& 4a 27 BYE

2 W45 7ls2 HelBEHolgrt e

o gl
= h

s

Holu, Table 3-20 & =&l A}

o

7] 3

2

.

13
ikl
®

Bolt Piezoelectric element

Location of piezoelectric element

N

Acrylic cylinder

Cantilever

Fig. 3-2 Schematic of cantilever with a piezoelectric element

Table 3-2 Characteristics of the Hard PZT ceramic piezoelectric element

Hard PZT
Symbol Unit
ceramic
Size LxWxH mm 45x11x0.6
Density P kg/m’ 78
Piezoelectric charge coefficient dsi 10C/N -180
Piezoelectric voltage coefficient 231 10°Vm/N -11.3
Coupling factor k31 - 0.35
Mechanical quality factor Qn - 80
S b o 16.1
Elastic constants . 107"m"/N
S 20.7
Electrical capacitance C Uk 4.0
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Fig. 3-3 (a)= Fig. 3-2°1 yetd Ao dAxxE 1438t
d dEs ol&ste] AHAWE HiolB e oJHel nAHF A HolF= Ao,
Fig. 3-3 (b)& Fig. 3-1¢] Yt /MgFret o] A3 Fx 2 FA AvjE B
o] F = ARXlolH

. y 1 =
s L | DAQ System
(DEWETRONS000)
- - =

Camera

28 ¢ - bl - <« [

Piezoelectric &
Cantilever

(a) Part view of vibrator with a (b) Total view of experimental setup

piezoelectric cantilever

Fig. 3-3 Photo of experimental setup
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CHlolE FH EFd HelH 4o o= wo]=2E AA] flste] do]
B FH ZAAdd e FEE ARESAT. o Aol A FHE = A
4s SAHe=H AHEE 2HY TR/ IR 2HolH, IR 2H 9 B>
A9 E5HLdyH, T2 EEYS Butterworth® T3 Order 6, FHigh 200Hz
2 dAste 29y e dds SAsAeH, 29 500714 HelHE &
= T UA=s AU B3, ¥ Fago HolE = A r] el A

J
or NEE FIFE delFE /152 Agetel dolHE Ay

FABDAN AN AT F ALY Fig, 3-4el el 2] 9
1BEFY RAAFS olgdte] 4@ AFARS W A= A
2 AR e A Askel xAAF Fe] A ZHsPOn, o

Variable resistance
Piezoelectric of 18 kinds
Power Source

Fig. 3-4 Electrical circuit for power measurement
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AAA ge Ao ARHY
3.0 3.0
—— Piezoelectric 1 layer —— Piezoelectric 1 layer
------ Piezoelectric 2 layer ------ Piezoelectric 2 layer
25 - 25
20 - 20
s 2,
&h 15| 8’& 18
o] ©
g S

Frequency[Hz]

(a) Og

Frequency[Hz]

(b) 2.22¢

3.0 3.0
——Piezoelectric 1 layer ——Piezoelectric 1 layer
------ Piezoelectric 2 layer ------ Piezoelectric 2 layer
25 - 25
20 2.0

Voltagew[\/]

Voltagew[\/]

Frequency[Hz]

(c) 4.34¢g

3.0

Frequency[Hz]

(d) 5.87¢

3.0

Voltagew[\l]

——Piezoelectric 1 layer
------ Piezoelectric 2 layer

V1

PP

Voltage

—— Piezoelectric 1 layer
------ Piezoelectric 2 layer

Frequency[Hz]

(e) 8.66¢g
Fig. 4-2 Characteristics of
length:150mm)

Frequency[Hz]

(f) 11.01g

output voltage according to the end mass(cantilever
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Fig. 4-3 Characteristics of output voltage according to the end mass(cantilever
length:190mm)
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length and end mass
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