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Abstract: Piezoelectric thick films of a soft Pb(Zr,Ti)O; (PZT) based commercial material were produced by a
conventional tape casting method. Thereafter, the interdigitated (IDT) Ag-Pd electrode pattern was printed on the 25
(m thick piezoelectric film at room temperature. Co-firing of the 10-layer laminated piezoelectric thick films was
conducted at 1,100C and 1,150°C for 1 h, respectively. Piezoelectric cantilever energy harvesters were successfully
fabricated using the IDT electrode pattern embedded piezoelectric laminates for 3-3 operation mode. Their energy
harvesting characteristics were investigated with an excitation of 120 Hz and 1 g under various resistive loads
(ranging from 10 k@ to 200 k). A parabolic increase of voltage and a linear decrease of current were shown
with an increase of resistive load for all the energy harvesters. In particular, a high output power of 3.64 mW at

100 kQ was obtained from the energy harvester (sintered at 1,1507C).
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Table 1.

commercial piezoelectric materials.

Comparison of piezoelectric properties of various
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Table 2. Piezoelectric properties of commercial piezoelectric
material (S55) from Sunnytec Electronics, Taiwan.

Piezoelectric Properties Values
Curie temperature (T.) 170°C
Coupling coefficient (ks;) 65%
Mechanical quality factor (Qu) 55
Piezoelectric charge constant (ds3) 750x10"% C/N
Piezoelectric voltage constant (g33) 18.4x10° Vm/N

Elastic constant (s";) 32.7x107"2 m%/N
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Fig. 1. Designed IDT electrode pattern image.
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Fig. 2. Schematic diagram of lamination for the IDT electrode
pattern embedded piezoelectric thick film.

< 272 ¢ IDT A= migle] A 145 aesto 2.5
V/mel RA mrom geod 302 Fo 2
(polarization)g& A A&t C}.

IDT 513 e Ao B57 QH Aot axhe
Ay 2EE 2 @A oAl shHAEE Ak

<
=



584 J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 29, No. 9, pp. 581-588, September 2016: M.-S. Lee et al.

7] #stel 500 ym FA1LE 37 mm (HH]) X 61 mm (Z
o])e] =75 7FX]+= SUS (stainless steel) A{AQ]
metal shim®] 9t% WO &A1s] VAL =S o ZAIS
L x25to] Af2olA FAsHAI T

N

3 EMT7}

oo

dm

2 AolA AE" IDT A= f" dHde A5
QA A2y axte] BY L 0lTES W] Ysto
FE-SEM (JSM-7610F, JEOL, Japan)& o]-&3}tict. At
& U shlAEle] 22 R SHS W] Ystol
shaker (Bruel & Kjaer, 4809, Denmark), 114 bipolar
amplifier (NF, HSA4014, USA), functional generator
(Agilent, 33220 A, USA), accelerometer (ACO, 3116,
Japan}g ALgSIEon], ¥ot AFolH Fiakg S
te &3 s Aol s OAY wYul
(Yokokawa, WT310, Japan)S ©o]|&3sto =451 0H,
ol2¥E Mx3t IDT A2 me Qs AEd oA
x| stAEe] 718 &3 £442 Bt

a3 32 1,100°CoIA 3 A7 £ 4
QA Alzte] $at axtol

=

b
)

g
)
)

o
J
N
N
o I ot

g
3
2a)

l
£

m
)

o
02

°

o

_|

— d

i

~ o ope

£ rg
o
0oy 2t

SATe)

o
!
o,
Y

e £
30 1l of
rlr
" g

N

2o

rlo

N rn
|o
u

o X
5 7Ho F3ol
9o] gl P 7 7H
en)slo] 9t AJHe] 2
o] wFelo] 9t 9% DT A3 WS

A

=

20}
A

& =

A, re

U ST S S
[e]

)
A
ogh

REREIEE
RrKow s

O

rg rr

]

rd rlo njo

b

L PtJork
dz U fuo

VS

LI

—_

S
=
)
N
>
i)
g
,_]

O o<

Y @
)
r

o

rr

EJ0]ylo] M(termination) 34 &4 24
AR 2o 9| stz A= 27 2 m
7t A3 me 2RO Ewid oRo{d 9Uct.
1,100°Co] 12oM A7 § AJHE 7t2ot N2 &
Yoz Z47F 13.9%, 15.6%2 +5ES UERAIC

N ol re B o of T 1Y o
ro
o]

(o]
Lw
S

ol

o, == 21 m9 37]= Uelfgch 23 39
side viewo|A] EQlgh 4 Ql%o] AF AA} AlHO &

H2 e mEst 1x=A, FHEZ(warpage) dA4
U vi=d(camber) o #2 124 22 A9
Sy % , o]2fgt Asgt2 1,150°CollA A7
N5y A M2ty ARPA = AR R ket

= ie)

(top view)

(side view)

(bottom view)

Fig. 3. IDT electrode pattern embedded piezoelectric thick film
sintered at 1,100°C for 1 h.

3% 4a)e 1100°ColA 3 AlZE Eet
3 oA At F9 AR W
FE-SEM o|u]x2 Uehdet, A3 x3ig
Q3 IDT A3 mEo] Aret W

it
Flo
o
Q
a
=2
>
p-
ih
ok
O_>|1 i
o
A
)
[‘II‘
fr
2
>
=
rlo
~J
(@)

S Xl(agglomeration)

o
o 0|2 oo of
= olF1 e ¢

i)
m
i)
)
Z 5o
rr K
i
° 5
2
£
rm

5
[0)
o g
a
oZimo]
1T —
ﬁol_CrEUE
Rt
3o St
rr =
% 4o of
% o
1°
5
W)}
aj
19
5 2
Sl
|o

o
o
1o
E
19

o
)
2o
=,
i)
of

Nile

Lrrze |nc

- Ol-ﬂ OE ;llg
J

n

o2

ol

-
|

)

52

eI

N

|d

o

w

1o

oid

ol

reb nQ o

2

0

OREE)

> B oo
un o

= 1
o
2
S
>
N
N
o2k
o r
T
Hl
>
et 5

r o)t



A7 A 583 =7A, A297 A9 pp. 581-588, 20161 9¢:

100im WD 8.1mm

SEI 10.0kV X150

Fig. 4. (a) Surface and (b) cross-sectional FESEM images of
the IDT electrode pattern embedded multi-layered piezoelectric
thick film sintered at 1,100°C for 1 h ((c) shows an enlarged

image of white spotted rectangular area).
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