J. Korean Inst. Electr. Electron. Mater. Eng.
Vol. 29, No. 10, pp. 601-607 October 2016
DOI: http://dx.doi.org/10.4313/JKEM.2016.29.10.601
ISSN 1226-7945 (Print), 2288-3258 (Online)

601

1L 2222 9ols xS o X al E
207 SEE ¢let HSY &M MEY Kool M= ¥ §d
olEIM'Z SXIM, HEel, B, WES! IMS', WSS, HYE™
L atRAlete e Y AR AR EAE
* it A ag st

Characteristics and Fabrication of Multi-Layered Piezoelectric Ceramic Actuators

for Speaker Application

Min-seon Lee'?,

Ji-sun Yun', Woon Ik Park', Youn-Woo Hongl, Jong Hoo Paik’, Jeong Ho Cho',

Yong-Ho Park’, and Young-Hun Jeong'*

! Electronic Materials & Component Center, Korea Institute of Ceramic Engineering and Technology, Jinju 52851, Korea

? Department of Material Science and Engineering, Pusan University, Busan 46241, Korea

(Received July 5, 2016; Revised July 22, 2016; Accepted July 23, 2016)

Abstract: Piezoelectric thick films of soft Pb(Zr,Ti)O; (PZT) based commercial material (S55) were fabricated using
a conventional tape casting method. Ag-Pd electrodes were printed on the piezoelectric film at room temperature
and all 5 layered films with a dimension of 12 mm X 16 mm were successfully laminated for a multi-layered
piezoelectric ceramic actuator. The laminated specimens were co-fired at 1,100C for 1 h. A flat layered and dense

microstructure was obtained for the 112 pm thick piezoelectric actuator after sintering process.

Thereafter, a

prototype piezoelectric speaker was fabricated using the multi-layered piezoelectric ceramic actuator which can

operate as a bimorph. Its SPL (sound pressure level) characteristic was also evaluated for speaker application.
Frequency response revealed that the output SPL with a root mean square voltage of 10 V increased gradually to
the highest peak of 87.5 dB for 1.5 kHz and exhibited a relatively stable behavior over the measured frequency
range (<20 kHz) at a distance of 10 cm, implying that the fabricated piezoelectric speaker is potential for speaker

applications.
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Fig. 1. The structure of bimorph actuator : (a) serial type and

(b) parallel type.
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moh 2o 2T WS oI AEF YA ARte) o
FololelS Alzsich. Bot ofjel, AlAsH b a0
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Fig. 2. Piezoelectric green sheets fabricated by a tape casting

process.
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Fig. 3. Fabrication process of piezoceramic thick film

actuators.
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Fig. 4. Schematic of manufactured prototype speaker using the
multi-layered piezoelectric ceramic actuator.
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Fig. 5. Image of the semi-anechoic chamber for sound quality

evaluation in this study.
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Table 1. The piezoelectric and dielectric properties of bulk

specimens (S55) sintered at various temperatures.

Sintering . £33
Density ds3 kp 3
temperature (g/em’) OCN) (%) (10 Qm
cm

C) & P Y VN
1,080 7.1 506 55 24 55
1,100 8.6 675 72 20 49
1,120 7.7 573 66 24 61
1,150 7.4 570 56 21 58
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Fig. 6. (a) A cross-sectional FE-SEM image of the fabricated
multi-layered piezo ceramic actuator and (b) schematic diagram
of polarization state for the actuator. (+, - signs mean driving
polarity for device operation, not polarization)
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Fig. 7. Frequency response of SPL (sound pressure level)
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2> Hol= 200 Hzol|lA 20 kHz7HA] Zopss
1401]7\1 Fst9 e, Vbd 2= AYY 2=
AFoolHE /st IRA 52 £ (20 um)
2q5to] 1.7 kV/mmoflA 2.9 kV/mm7HR] QI7FsHI T
10 cm® &4 Ao Aax] AY (Vims
mean square voltage) 10 V98 o/ A7) AsES
ol7tstol &xjst AT, B3 Aol 2.1 kV/mmel Al

i N

Wl A9 ST Fukr Gold Y 4% %
E4& UEtYion, 1 kHzojlA 82.3 dB, 1.2 kHzo|
A 86.6 dB, 1.5 kHzollA 87.5 dB, 2 kHzollA] 82.9
dB= 712t £4olch S8l 1 kHz olste] Ag
gelods Eeshl ¥e 9% SHe Usrict
10 kHz o]} Fups WglolH 2E AWML 15 kHz
IACNA A 2% §4L Uegon, £3 £UL
WetAl7|E, ggol cha Zast: 3P Uerglo

o o= . il
P AmA FL, AR 2= 2UE 2.1 kV/mm
2 25

a3 8% A2 10 cm 2704 2.1 kV/mm=zZ
AMAZS 5 Vs, 10 Vims, 20 Vims®] T
of et 543 g¢9 Fope EAAE U
.y 1.2 kHzZbA] S716Ha A &4
= A&ACR FItohe 4FE UEUeH,
1.2 kHzOﬂH peaks UEUQIt). FoaE OS5 57t
AZIE 5ol gF Fasioirt 1.5 kHzolA  ThA]
peakE UEIUD Fup47F 20 kHzZHA] B% 571510
T Y9 T T4 FU7FE vHEche fiEHE Y

ERn tiRl2 oMoz QAEs S4< LRt



606 J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 29, No. 10, pp. 601-607, October 2016: M.-S. Lee et al.

120

5 an

=

B2 100 10V,

=

—_

L

£

=

2

£
E

3 20
R
(1] T T
1000 10000
Frequency (Hz)

Fig. 8. Frequency responses of SPL (sound pressure level)

measured in the piezoelectric speaker with various input

driving voltage at 2.1 kV/mm.

Table 2. Frequency responses of SPL (sound pressure level)

measured for the piezoelectric speaker with various input

driving voltage at 1 kHz, 1.2 kHz, and 1.5 kHz, respectively.

Driving voltage

Frequency 5 Vi 10 Vi 20 Vo
1 kHz 719 dB 823 dB 85.5 dB
1.2 kHz 78.0 dB 86.6 dB 89.5 dB
1.5 kHz 80.4 dB 87.5 dB 90.5 dB
2 kHz 77.9 dB 849 dB 88.0 dB

SPL
77.1 dB 853 dB 88.4 dB
(Average)

FEM™Qo] 5 Vol o, 1 kHzolA] 71.9 dB, 1.2
kHzo|A] 78.0 dB A==z Uehton, 1.5 kHzoA]
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Fig. 9. Distance dependant sound pressure levels with

frequency for the fabricated piezoelectric speaker at 10 Vips.

Table 3. Summary of frequency dependant sound pressure level

for the fabricated piezoelectric speaker at 10 V., with
variation of measurement distance of 10 c¢cm, 15 cm, and 20
cm, respectively.
Frequency Measurement distance
10 cm 15 cm 20 cm
1 kHz 82.3 dB 74.4 dB 70.0 dB
1.2 kHz 86.6 dB 81.0 dB 78.7 dB
1.5 kHz 87.5 dB 85.6 dB 85.5 dB
2 kHz 84.9 dB 79.8 dB 76.0 dB
SPL
85.3 dB 80.2 dB 77.6 dB
(Average)
AR5t 4= UESIH
I8 9= AT A5d g7 ARF0olEE OI%EJ
279 BF o] Z2ENO] AH2E 10 cmoA 2

cZHA] 5 cm# HSHAIZIHA, 10 VirsOflA] éxﬁi
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