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In this study, a C-shaped phase-array focused ultrasound transducer for breast
tumor treatment was developed. High-intensity focused ultrasound (HIFU) has the
ability to concentrate power to generate a steep temperature elevation at the target to
kill the cells. In addition, ultrasound has a great ability of soft tissue penetration and
can be applied for non-invasive treatments.

Piezoelectric ceramics was cut with designed dimension and then filled with
epoxy to made it become piezoelectric-composite. The piezoelectric-composite was
then used to make a C-shaped ultrasound transducer with a diameter of 20cm, a radius
of curvature of 10cm and a height of 2.5cm. The transducer consisted of 16 separated
elements and operated at a frequency of 2.5MHz. We used a multi-channel power
system to drive the transducer. The piezoelectric-composite elements generated the
ultrasound power by piezoelectric effect. We made matching circuit for each element
based on Smith Chart. The electro-acoustic transfer ratio was measured by radiation
force test and the transducer has been working for 15 minutes continuously to confirm
the stability of acoustic output power. We used thermo-sensitive phantom to observe
the heating effect. The transducer was placed in an MRI environment to demonstrate
its MR compatibility.

The results showed that the output power of each element could reach 30 Watt,
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and the electro-acoustic transfer ratio was about 30%. During a 15-min working time,

the transducer could transfer the acoustic power stably. Due to the limitation of power

supply, low electro-acoustic efficiency, and a large focal zone, the transducer could

not reach the requirement for changing phantom’s color.

In this study, we developed a C-shaped phase-array focused ultrasound

transducer for breast tumor thermal therapy. The manufacturing process of

piezoelectric-composite material and the stability of transducer were confirmed. The

ultrasound transducer had a certain degree of MR compatibility.

Keywords: C-shaped ultrasound transducer, hyperthermia, breast tumors,

piezoelectric-composite material, phased-array transducer
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4 2.28 -8.8% 12 2.70 8%
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7 2.32 -7.2% 15 2.49 0.4%
8 2.60 4% 16 2.40 -4%
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1 257 235 91.4% 9 275 247 89.8%
2 26.9 24.5 91.1% 10 27.9 25.6 91.8%
3 24.8 22.9 92.3% 11 27.5 24.1 87.6%
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8 26.5 243 91.7% 16 29.4 26.7 90.8%
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