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A Study on an Ultrasonic Circular Array Transducer for
Intra—vascular Ultra—sound Diagnosis
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Intra—Vascular Ultra—Sound (TVUS) transducers were developed for the application to diagnose coronary diseases,
The transducer consists of 32 piezoelectric elements with a front insulation layer and a polymeric acoustic backing
layer on a holiow alumina tube, The optimal geometrical structure of the transducer was designed through theoretical
analysis of radiation patterns of the transducer. Samples of the IVUS transducers of the diamster of 3 mm were
fahricated to illustrate the design scheme, For the piezoelectric elements, 2—2 mode piezocomposite materials were
employed, Experimental performance of the transducers showed good agreement with the design results, which verified
feasibility of the transducer for IVUS applications,
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Fig. 1. Schematic diagram of a circular arfay ultrasonic
transducer.
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Fig. 2. Radiation pattern vs. No. of elements: (a) 4 elements,
{b) 32 elements.
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Teble 1. Radial radiation properties vs. No. of elements.

No. of elements | -3 dB beam width | directivity index
4 360° 1.101
B 8 360° 0.007
T 360° 0
_ x 360° 0
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Table 2. Radial radiation pattern vs. element width (32

elements).
width{mm) x length{imm) | -3 dB beam width |directivity index
0.05%0.t5 360° 0
0.1x0.15 360° 0
0.15%0.15 360° 0
0.2x0.15 360° 0
0.25%x 0.15 360° 0
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Y 3. A E0§ 2 YASY (@XPE$ 327) (a) Ex H0| (0.05 mmx0.15 mm), (b} Zx g0l (0.25 mmx 0.15 mm}.
Fic. 3. Radiation pattern vs. element width (32 elementsk: (a) widih X length (0.05 mmx 0.15 mm}, (b} width % length (0.25

mmx 0.15 mm).
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28 4. A Holo| akE WAISY (AXPAS 327H); (a) Fx ol {0.15 mmx 0.1 mm), (b) = x Z0] (0.15 mmx0.25 mm).
Fig 4. Radiation patlern vs. element length (32 elements}: (a) width < length {6.15 mmx0.1 mm}, {b} width xlength (0.15

mm x 0.25 mm).
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Table 3. Radial radiation pattern vs. element length (32

elements).
width{mm} x length (mm}{ ~3dB beam width| directivity index
0.15x% 0.1 360.0° 0.171
0.15x 0,15 74.9° 4926
0.15x0.2 47.1° 6.686
0.15%x 025 35.3° 6.905
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Table 4. Size and material properties of the slack.

dimension velocity dengity
front layer 0.086 mm | 2450 m/s | 3390 kg/m’
piezocompsite { 0.310 mm | 4360 m/s | 5500 kg/m¥
backing layer | 1017 mm | 1230 m/s | 2600 kg/m*
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Fig. 5. Photograph of the 2-2 piezo-composite.
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fig. 7. The fabricated 3 mm ultrasonic circutar array transducer.
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Fig. 9. Beam profile of a single element in the fransducer.
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Fig. 10. Characteristics of the fabricated transducer.
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