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Fabrication of High Acoustic-Electric Efficient Piezoelectric Ceramic Bimorph
Element and Pickup in Middle Ear of Cat
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Abstract: A novel PZT piezoelectric ceramics with high d;, (—480pC/N) and T, (280°C) was developed to shape a
long strip of piezoelectric ceramic bimorph element (PCBE), with 0.3 mm in thickness, 1.0 mm in width and three
lengths (3.5, 4.0, 4.5 mm), which were assembled to the cantilever structure anchoring a Preamplifier, and were im-
planted totally into tympanic cavity of cat ear to analyze their ability of picking up acoustic signal. This study ex-
plores that the PCBEs have high efficient acoustic-electric performance. They can pick up 20-20000Hz acoustic
signal with an approximate flat frequency curve when they are implanted the tympanic cavity of cat. The maximal
output of —13.16 dB Volt p-p value (@1.5kHz, 0dB input) is picked up by the 4.5mm PCBE. This validates that

PCBE might be totally implanted into tympanic cavity of cat ear as a piezoelectric microphone.
Key words: piezoelectric ceramic bimorph elements; transverse piezoelectric coefficient; acoustic-electric per-
formance; middle ear
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Fig. 1 Implantation of PCBE in tympanic cavity of cat ear
P: PCBE; M: Malleus; I: Incus; S: Stapes; TM: Tympanic membrane
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Table 1 Electric properties of modified PZT ceramic used to fabricate miniature PCBE

Dielectric Piezoelectric Piezoelectric Coupli i
. . pling . Curie
(I’Srioliltjlrltrlsts) constant consistant consistant Couphrlzg factor factor Quahg factor Temperature
£ ehyfes d/(CN) gV emeN)! v ks » TJC
Modified PZT ceramic 3000 —480 —-18 0.78 0.43 55 280
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Table 2 Resonant frequencies of PCBE in different length
(ANSYS modal analysis)

Length /mm 35 40 45

50 55 6.0

Resonance frequency/kHz ~ 36.1 232 16.1 119 9.1 7.2
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Table 3 Output signal from PCBEs in three lengths fas-
tened with malleus in cat ear

Size/mm Max value of volt peak Chaos Weight
to peak /dB wave /mg
3.5 -39.83 weak 11.2
4.0 —28.12 weak 12.7
4.5 -13.16 weak 13.8
0
-5
% 20 - — -=-4.0mm
& =25 =—4.5mm
. 30 . i“ ——3.5mm
S 35
= —40 T
45 * * .
=50 ; ! — —
250 500 1k 2k 3k 4k 6k8k10k15k 20k
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Fig. 2 Frequency response curves of PCBEs with different
lengths

FE W) PCBE #4 HUfE 5 Wl o, Hod Kk b
—13.16dB(fE 15kHz i), 1X5 ANSYS A R G /7 V25
PR EE RIEAW) &, BARZAE 559 T A RSN
59, (HEEE G YUK HAR 5 AN R R,

A SZIGAIESE T mrPE A PZT Ji o005, F 7T LA Bl
N AL A RS BOR AR b
B B i T — R R GE s s 1 (soc) MY
5 HAG R AT AR () PCBE 4R, mT S A6
HARFE N, B ATAEME S A R
Fl e g, AR A A 2N T 5 1 A A 4% 75 25
JRA AR NN T H I R R Y 305 25 1

3 4t

KRG WA Z TC R B A, 3743 7 —Fb
e FL i He P BB R s e LU B 1D B 2 PZT i s HL P
AR, JL dyy R T, 4300 —480pC/N FiI 280°C. %
MEHEIE I f8 PCBE(%E % 1.0mm. JEJE 0.3mm,
KR h 3.50 4.0 Fl 4.5mm)EL A B4 (14 i —Hi
ke Pk, g L R B R o A 7R R BE AR, R
Hig s W, BHIREL 20Hz~20kHz 7515 S 68 S, A
ARNPI RS 2, b 4.5mm K PCBE
A H AWK 0dB RSN S S5 h V,, 18
—13.16dB [fif KA. 1 IRUESE T mifEfE PZT K HL
SOUEE F AT DA R A RN 82 A RO B R A 7 .



694 TN MR IR 525 4
%} %iﬁk [8] Cohen N. The totally implantable cochlear implant. Ear Hear,
2007, 28(Supp 12): 100S—-101S.
[1] Wang S, Li J F, Wakabayashi K, et al. Lost silicon mold process (9] Zhang H, Jiang S, Zeng Y. B site doping effect on depinning in
for PZT microstructures. Adv. Mater., 1999, 11(10): 873-876. Pb(MnsNb138b13)(Zros2sTio 175)1405 ferroelectric ceramics. Appl.
[2] Haertling G H. Ferroelectric ceramics: history and technology. J. Phy‘s. Lett., 2008, 9?(19)' 192991_1_3' N )
Am. Ceram. Soc., 1999, 82(4): 797-818. [10] FEsk&. shiebg & rEfe 5N M. dbat: B2 B R4 2003:
[3] Damjanovic D. Ferroelectric, dielectric and piezoelectric properties 98-101.
of ferroelectric thin films and ceramics. Rep. Prog. Phys., 1998, [11] Majdoub M S, Sharma P, Cagin T. Dramatic enhancement in en-
61(9): 1267-1324. ergy harvesting for a narrow range of dimensions in piezoelectric
[4] AR, EEH, @ & % (DONG Ren-He, et al). JEHIH A nanostructures. Phys. Rev. B, 2008, 78(12): 121407—-1-4.
T HR SRS A EREH Journal of Inorganic Materi- [12] fang ;—Ih Lll:l L, Ben "lF Mod;lllr;gdand di51gn opFlmlzatlon of
- t 1] t tuators.
als). 2002, 17(4): 862-866. I;:EréeE Te ec llj)lrtl plezoze(;;3 1‘1503(1()) 2e37 (:22“01 ever microactuators
rans rason . - .
51 BR 1H, #RA, & K, 4% (CHEN Hen, et al). J&T HHAN ’ ’
51 FZF f ﬁﬁﬁ ‘E &= (4 en ) AT IR [13] Zirrcher M A, Young D J, Semaan M, et al. Effect of Incus Re-
{ ) 52 3 BT 5% e i . .
9N LR ) S0 ST JEHLM B2 i (Journal of Inorganic moval on Middle Ear Acoustic Sensor For a Fully Implantable
Materials), 2007, 22(1): 185-188. Cochlear Prosthesis. Conf. Proc. IEEE Eng. Med. Biol. Soc. ,New
[6] B, FMERRHE. R AL 5 2 AE AR 3 B P York, 2006, 1: 539-542.
5. PAEE RIGERYE, 2003, 38(3): 237-238. [14] Afridi M, Hefner A, Berning D, et al. MEMS-based embedded
[7] Chi FL, WuY, Yan Q B, et al. Sensitivity and fidelity of a novel sensor virtual components for system-on-a-chip (SoC). Solid-State

piezoelectric middle ear transducer. ORL, 2009, 71(4): 216-220.

Electronics, 2004, 48(10/11): 1777-1781.



