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Abstract: A flat-type piezoelectric ceramic ultrasonic transmitter was successfully fabricated for application in acoustic

devices with cone-free diaphragms. The transmitter, possessing a center frequency of 40.6 kHz, exhibited a higher

displacement characteristic for a multilayer type compared with a single layer type. Surface roughness treatment of an

Al elastic diaphragm influenced a slight increase (1.1 dB) in the sound pressure level (SPL) at 10 Vi, due to the

enlarged surface area. The fabricated multilayer piezoelectric ceramic ultrasonic transmitter showed increasing SPL with

increasing input voltage, with a maximum SPL of approximately 123.6 dB at 10 V.. This implies a doubly increased

SPL density of 3.6 dB/mm’,

superior to that of a commercial open-type transmitter with a cone.
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Fig. 1. Schematic image of typical piezoelectric ultrasonic transmitter
with a cone.
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Fig. 2. (a) Schematic image of the fabricated multilayer piezoelectric
ceramic ultrasonic transmitter, (b) cross-sectional FE-SEM image of
the piezoelectric film, (c) top (left) and side (right) view images of
the fabricated piezoelectric ultrasonic transducer.
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Fig. 3. Experimental set up for measurement of acoustic properties
of the piezoelectric ultrasonic transmitter.
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Fig. 4. (a) Displacement spectra at 5 Vrms of the ultrasonic
transmitters with piezoelectric element of the single layer (top) and the
multilayer (bottom) and (b) bending of the Al diaphragm at the
resonant frequency for the multilayer piezoelectric ultrasonic transmitter.
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Fig. 5. (a) AFM topography images of the top surface and (b)
measured roughness profiles of Al diaphragm before and after
surface roughness treatment.

g Z71715 &ts QA oidnt. olg sty
RSP GRS ol &3t HHy 2gup EHADEI
Al Bdms Antgg oz mHA2lstint

I 5a)e= H5E YAAS olgsh By 2}

ESfiADIEQ] Al BT BHO HAutgrd HA5o] B
A|¥(topography) ©JUAlE UERHIL Qlom, 1 5(b)
+ 29 AR, g ZZF HojEoh BH Aot
Aa] ool dRuly Tdmel Hyt HA7I(R, )= 0.24
m=z UeRFon], W AupxE] o]Fole oF 0.41 m
e Z7ksto] 0.65 me] R, & UERUATH

I 62 2 AFolN Alxst A5 dAAt BH
AopAale Al BgAR /dE FHy 230 EfiA
0]E|9] 30~50 kHz 17tollA 7€ JuEACt phase

A

angle 545 217t UEth EAE AJH a

4(a)9] W9 AHE-OA &It Aufel 5 U5

406 kHzoA FAFopps

A EHEA Fuke A4S

AuHAE oF 207 Qoz Dyut vlustH o W
el

AUHEL £9S 1AL

rlo

(a) 10* 100
Single Jayer | Resonance| Antiresonance _g;‘lpﬂda:sel a0
3s¢ £ er
Frequency | 49, 22 e
a3t 60 o
[mpedance () 266 750k ¥
g 2
= Z
bt w
g )
= . o
= 101 Z
51
£ 2
&
- =
T T T -100
30000 35000 40000 45000 50000
Freqeuncy (Hz)
(b) . 00
10° 4 [Parameter Anti — Impedance 5
Frequency | 0 P Phase Angle [
(i) 60
Tpedan _
| 207 860

Impedance ()
Phase Angle (degree)

10' T T T -100
30000 35000 45000

Freqeuncy (Hz)
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Table 1. Comparison of acoustic performance between the

commercial ultrasonic piezoelectric transmitter and the fabricated

flat-type multilayer piezoelectric ceramic ultrasonic transmitter

in this work.
Commercial This
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Corn 3.6 none
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() : Al dlaPhragm 433 232
Piezoelectric element 19.1 10.8
Total volume (mm?®) 66.0 34.0
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