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ABSTRACT: In this study, the structure of a concave annular array transducer was optimized to generate high
intensity focused ultrasound for medical therapeutic application. The transducer has a phased array structure
composed of several concentric channels that have 40 mm as the radius of curvature. We derived theoretical
equations to analyze the sound field of the transducer and verified the validity of the equations by comparing the
results calculated by the equations with those from finite element analyses. We also checked the possibility of
dynamic focusing at around the geometric focal point. Further, the level of a grating lobe occurring at an unwanted
position in the transducer sound field was confirmed to be reducible through the relation between the number of
channels and the frequency of the transducer. Hence, the structure of the transducer was optimized to place the
main lobe within a specific range from the zenith while systematically reducing the level of the maximum sidelobe
including the grating lobe. The designed structure showed the performance better than that targeted at all the focal
points.
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Table 2. Initial condition for optimization of the channel widths.
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Table 3. Optimized dimension of the channel widths.

Channel No. Channel angle, Channel width, Channel No. Channel angle, Channel width,

a. (°) w, (um) o, (°) w, (Lm)
1 0.954 666 7" 0.934 652
o™ 0.959 669 8" 0.941 657
3" 0.960 670 9" 0.955 667
4" 0.956 667 10" 0.965 674
5" 0.947 661 1" 0.994 694
6" 0.937 654

optimized model focusing at 40 mm

————— focusing at 30 mm with the optimized model

Normalized pressure (dB)

Distance from the zenith on the z-axis (mm)

Fig. 13. Normalized sound pressure profiles of the
optimized variable-channel-width structure focusing
at 40 mm and 30 mm.
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