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A. The technical research goals of this project includes: 

(i)       to develop miniature piezoelectric devices for underwater sonar and 

biomedical ultrasound applications from millimeter size ceramic hollow 

spheres, 

(ii)      to refine the fabrication techniques of these miniature transducers, 

(iii)     to characterize the dielectric, piezoelectric, and underwater properties of 

these devices, 

(iv)     model these devices as well as their response using finite element analysis 

techniques. 

B. Significant research and development results : 

(i) Spherically focused high frequency piezoelectric transducers: In clinical 

applications of ultrasonic transducers, higher axial and lateral resolution 

requires operation frequencies greater than 20 MHz, and a focused 

ultrasound beam. In our project focused transducers were prepared by 

machining shell sections of the hollow spheres with diameters from 3-4 

mm and thickness from 40-100 urn.. The transducers were characterized 

in pulse echo mode and by using finite element analysis (FEA). FEA 

indicates the presence of two modes of vibration (1) a radial mode around 

1 MHz utilizing the d3i coefficient where the spherical shell vibrates 

similar to a disk and, (2) a wall thickness mode above 30 MHz utilizing 

the d33 coefficient. From the measurements a thickness mode 

electromechanical coupling coefficient (kt) of 0.51 is calculated. The 

pulse-echo characterization of the transducers indicates that they have a 

center frequency of ~ 48 MHz with a bandwidth of 22 % and a minimum 

insertion loss of - 44 dB. These results are promising in the development 

of a focused transducer. Since our fabrication process is flexible, it allows 

us to tailor the final properties by changing the dimensions and the 

materials used. 
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(ii) Omnidirectional microprobe hydrophones: Increasing use of ultrasonic 

techniques   in   biomedical   and   underwater   applications   and   the 

sophistication of these techniques has increased the need to characterize 

the acoustic fields created by ultrasonic transducers. Accurate mapping of 

an acoustic field requires that: (i) the physical dimensions of the probe 

should be smaller than the acoustical wavelength of interest, (ii) the 

resonance frequencies of the probe should be well above the frequency 

range of interest, (iii) adequate sensitivity with an acceptable signal-to- 

noise ratio and (iv) wide bandwidth. A compact miniature hydrophone is 

developed from the hollow ceramic spheres by radially-poling these using 

inside and outside electrodes. Hydrophones developed in this part of our 

project had diameters from 2 mm up to 4 mm with wall thickness in the 

50-100 (am range. The resonance frequency of the fundamental vibration 

mode of these hydrophones is above 500 kHz. Characterization of these 

hydrophones is done through measurement of hydrostatic piezoelectric 

charge coefficients, free field voltage sensitivities (FFVS) and directivity 

beam patterns. Results indicate a FFVS of around -215 dB re lV/uPa with 

a flat response between 5 kHz up to 90 kHz and omnidirectional properties 

from 5 kHz up to 70 kHz. These hydrophones are shown to be viable 

candidates as microprobes due to their small size and the stable sensitivity 

and omnidirectional receive characteristics they display over a broad 

frequency range. 

C.     Plans for next year's research and development: 

(i) Refining  the  fabrication  techniques  of the  two  transducer  designs 

discussed, as well as improving their device properties, 

(ii) Developing directional transducers by preparing arrays of these spheres, 

(iii) Developing piezoelectric ceramic - polymer composites from the hollow 

spheres with 0-3 and 1-3 connectivity. 
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