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Evaluation of Piezoelectric Properties in Pb(Zr,Ti)Os—PVDF
Composites for Thick Film Speaker Application
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Abstract

We reported on characteristics of the piezoelectric ceramic-—polymer composite for the application of

the thick-film speaker. The PVDF-PZT composites were fabricated to incorporate the advantages of

both ceramic and polymer with various mixing ratios by 3-roll mill mixer. The composite solutions

were coated by the conventional screen-printing method on ITO electrode coated PET (polyethylene

terephthalate) polymer film. After depositing the top—electrode of silver—paste, 4 kV/mm of DC field was

applied at 120 C for 30 min to poling the composite films. The value of ds: (piezoelectric charge

constant) was increased when the PZT weight percent was increased. The maximum value of the dyp

was 24 pC/N at 70 wt% PZT. But the gss (piezoelectric voltage constant) showed the maximum value
of 32 mV - m/N at 65 wt% of PZT powder. The SPL (sound pressure level) of the speaker fabricated
with the 65:35 composite film was about 68 dB at 1 kHz.

Key Words :

2
i

X

e

a3

o et
>

1
|
DI W)

_ﬁ
N
N
1o

&
4
Bhid
et
o
H—U
e}
rlo

I E0jstm AAMBEI | ABY oA HE
XA A% ¥ RENY ARME

2.
a. Corresponding Author : sykweon@chungju.ac.kr
Xt 2006, 8. 30
1A &AL 22006, 9. 13

AlAt2tZ 2008, 9. 22

966

PZT-PVDF, Ceramic-polymer composite, Piezoelectric properties, Thick film speaker

of FAE £oln A3 e Y= FAE %
TUHL3L °1& AAdsy] 93 8] FE Bl
gAE ~9AE F2 AFE GANE FLse
o, 45 WH3s ste] Iy ZEe J23
TEI Zhgel ZvkRem, &ATE AAA
Al At HdE Fo FAE BE Ao
M1l ollE wHE Wy 93
A A9l PVDF (poly vinylidene fluoride)
4A ~FAY Ade] ARH
st 459 ~97% PVDF 2§ 4
g S BT TAS 7Y5d
AA7E 7)1E 2 Ae M 2 2
a7} wiEdl 42d sl
Atk g, oY PVDFE
, aL7he) A H| ] upE
T4 A TY9 @4 F
HES B3] st
gy nEA dHAE

AT o] ol

)

o
iz m

Rus
N

P

oo Tk Bt o

o
2= 2
&
A
U

W
= o4
il
oli

o O 2 oM x Ok ¥o R g © oE
fo oo Ho oft N o 2

'
i
T

O
Rl oo rlo
o

>



w2 dFAE 43 B Fuy
A AL 98 Aetey-nEa o4 %fg}z}]%
Az, ol 01 & 2 A FAS A At

.
g7bstsich erAl AetEo s
4 %e PhzrTi0s A% 48
24E 4d B4E wols

= H1e) BPAF ol goto] B
7 4% be4e Brkstah

2.4 &
2 Ad¥dMe WA HAHstd (P .pBaCd)

(ZrsTi-i-c-a(NiyaNbzs)e(ZnisNbas)dOs 2AS A

gl (o]st PZTE oFA ), AutbEe Ba
FHE o) &3te] PZT £2¢2 Ax39r. 98 =B
A2l PbO, BaCOs, CdO, NiO, NhiOs, ZnO, ZrOs,
TiO: & ZAd 2o HFd 3 deddzmg
LHOﬂH ZrO) *ﬂﬂ}‘ﬂ & ol &3to 2447t &35}
3t F 100 WA (mesh)

fo

Folﬂioﬁi

-Erfﬁ (Wet mlllmg 0}01 °F 1 ym A7)
stz Ejsdt. PVDFE  #Hzsted 249
DMF (dimethylformamide)oll 1:4¢] FA ®H&=
33t 60 TH hot plate HelA =gt Az=
PZT %43 PVDFE 50:50, 60:40, 65:35, 70:309]

FA EEE AT F 204 2 22A 58 F

=

7Vete] 39 roll mixerE o] & 3P°4 S8 B
At Axzd SFAS oj&dle] Tk YES A2
3171 984 30 nm FAY ITO ﬁ%ol B!
PET (polyethylene terephthalate) THx T Eo
AAYU XZHUE (screen printing) HE AMEste] <
AetHch dAd F48 120 ToAA 583 Az3)
o oF 80 o] FA Mav)/mEx E3tH Fut
& 2tk BEA o AR d3e Az o
Hol~E (Ag paste)® 4~3Y ZYEWO T JE)
atel AT AE 43S dA4F e 120
TellA 4 kV/mm 9 DCAAR I FAHL 48
& =, AW7A BAS HUl sdvk

PZT 2% 2 Bgie FH7FzE XRD

(Rigaku, D/MAX-2500H)& o] &3dto] BEAstgm,
oA Gz FFEo = SEM (Hitachi, S-2400)S o]
B3t 3 44 kW 2SS LCR  meter
(EDC-1620)8 ol &3l +dsdn, 4d da 4

%7

AN AR g5 =8, A19A A1035, 200683 104

¢ dgy g APC 8000 R&& o] &3t Z43)
ATt

3. 2% & n&
HH 2PrE daA o8 FRY A 2L e
#e PZT-PVDF 2@ F§& Azxsgo

(PZT:PVDF = 50:50, 60:40, 65:35, 70:30). 1% 1
& ITOB0 nm)/PET 713 $of =¥l A3
o8 79 PZT-PVDF E&49 o4d SEM A}
ol E&AY FAE ¢ 80 ym AEolx, 3
A ITOE FA7E gkobr B SEM Aldeg:=
HAHA v AR & AIe gwrHe 2

ol AEE

—_—_=

At

o]

_L}L
ol
)
Lo
X,
a8

e ox
©
A

i)
o i opy 4o
to g of

2 ow

o
o
oX ki
tlo -z

o= Ay
w o e o
=9y
B ot
e
=)
RO i
a
X
T
o
e
S ol
2

s

HU B
e

M1
]

o
rfok L
oo i
oE H1
D
lo
frl
mO
_VEE [
23
el
dlo
o
1

Y

=
tlo
>
R
do T
ol
o
2
X
2
ol
ok
3R
=
>~
o)

pe=pr-(1-¢) + p2-¢ (1)
A7l A, p& ZEH e AE pE= Ay

ol AR, ot A ge) B3 B& pb B2

A9 WEE eaTh EFH7 65359 2 LelA
734 %% Hoje] HYUEE woln Yoo Ay
YEsk £ Aol HEA e s)Fo] Fxvt
4 Ao dgHt T 70309 Aol

Agke) gae) oo] wel mEsA Riko] o] FolA

Fasta 9

60um

3 1. EF EEol ve dY FFHFY PIT-
PVDF $d &3Ae] & SEM Apzh
(a) 50:50, (b) 65:35, (c) 70:30.

Fig. 1. Cross-sectional SEM images of PZT
PVDF composite films with various mixing

ratios: (a) 50:50, (b) 65:35, (¢) 70:30.
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Table 1. The measured and theoretical density of
the composite films with various mixing
ratios.
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Table 2. Electrical properties of the composite
films: relative dielectric constant (k),
piezoelectric  charge constant  (ds3),
piezoelectric voltage constant (gss).
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Fig. 2. X-ray diffraction patterns: (a) PZT
powder, (b) PZT-PVDF composite film
with a mixing ratio of 65:35.
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Fig. 3. Electrical properties of PZT-PVDF

composite films with various mixing
ratios: (a) relative dielectric constant
(k), (b) npiezoelectric charge constant
(ds3)
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Fig. 4. The deslgn (a) and the test
configuration (b) of the fabricated film
speaker.
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Fig. 5. Frequency responses of speaker
pressure level (SPL) measured in the
fabricated film speaker at various input

driving voltages.
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