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Capacitive micromachined ultrasonic transducers (cMUTs) are a new type of transducer
with applications in medical ultrasound equipment. This paper presents a topology optimization
method for the structural design of cMUTs, in which the outlines of target structures are implicitly
represented using the level set method, and uniform cross-section surface constraints are taken into
account. First, the optimization problem that addresses the design requirements of the cMUT is
formulated. Second, basic details of the level set-based topology optimization method are briefly
discussed. Based on the concept of the Tikhonov regularization method, the topology optimization
method considering a uniform cross-section surface constraint is formulated. Next, based on this
formulation and the level set method, a topology optimization algorithm is constructed where the
Finite Element Method is used when solving the equilibrium equations and the level-set equation.
Finally, two- and three-dimensional examples are provided to confirm the validity and utility of the
proposed topology optimization method.
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Fig. 1 A capacitive micromachined ultrasonic trans-
ducer; (a) cross-sectional view, (b) half per-

spective views of the beam geometry.
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Fig. 3 Fixed design domain of the two-dimensional problem
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Fig. 4 Optimal configuration of the two-dimensional problem: (a) Regularization parameter T is set

1.0 x 10~#; (b) Regularization parameter T is set 1.0 x 107>; (c) Regularization parameter T is set

1.0 x 107°.
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Fig. 7 Optimal configurations of the capacitive micromachined ultrasonic transducer: (a) Uniform cross-

section surface; (b) Non-uniform cross-section surface.
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