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Abstract A high intensity focuses ultrasound (HIFU) is one of the emerging technologies in the biomedical field. The
piezoelectric HIFU transducer is a device that utilizes the thermal energy generated by high ultrasound energy. Recently an
operating frequency of the HIFU transducer is to expand above a 7 MHz. In this study, the acoustic pressures and temperature
distributions in the tissue that generated by the HIFU transducer at 10 MHz were calculated with the finite element method.
In addition, the pressure focusing characteristics of the device were analyzed. The geometrical variables are the piezo-
material thickness, lens shape, water height, and film thickness. The results shown that the acoustic pressure increased and
saturated gradually when the height/radius (H,/R,) ratio of the lens increased. Moreover, the focal area was gradually decreases
with H,/R; ratio of the lens. In case of the optimized HIFU transducer, the maximum pressure and temperature were analyzed
about 19 MPa and 65°C respectively. And the —3 dB focused distances in the axial and lateral direction are around 2.3 mm
and 0.23 mm respectively.
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Fig. 1. (a) Cross-section and (b) FEM model of the HIFU transducer.
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Table 1
Geometrical parameters of the HIFU transducer
Parameters Unit  Value
Lens radius (R,) mm 10 to 20
Lens height (H,) mm R x0.1toR; x0.9
Lens height/Lens radius (H,/R,) - 0.1t00.9
Film height mm 0.1t00.5
Water height (Hy,) mm 0tol0
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Table 2
Physical properties of the constitutional materials for the HIFU transducer
Properties KICET-PZT8 CY1301 Polyimide Water Tissue
Density kg/m’ 7750 1149 1420 1000 1044
S 12.7
S 12 —4.12
Elastic stiffness constants 10 m*/N SEB 1337 - - -
233 .
S 283
S 33.7
12 ds 290
Piezoelectric constants 100" CN d;, -129 - - -
d;, 330
-
Dielectric constant - zT;ﬁz }3;3 - - -
Young’s Modulus GPa 428 -
Poisson’s ratio - 0.356 -
Speed of sound m/s 2560 2142 1484 1568
Thermal conductivity W/m-K 0.59
Heat capacity J/kg'K 3710
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Fig. 3. Focusing image of the HIFU transducer in the tissue area.
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Fig. 5. Simulated results of the focal area with the H, /R, ratio of the HIFU transducer: (a) —3 dB area, (b) —6 dB area.

Table 3

Simulated results of the acoustic pressure and temperature according to film thickness of the HIFU transducer
Film thickness (mm) 0.1
Maximum acoustic pressure (MPa) 26.9

Maximum temperature (°C) 115

0.2 0.3 0.4 0.5
19.0 14.3 11.1 9.1
66.8 46.1 36.5 313
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