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Fundamental research on a phononic lens that instantly and appropriately
focuses an ultrasonic plane wave emitted from the outside of the skull at a moving focal point in
the brain transcranially has been performed. Initially, | determined the distribution of materials
with different impedances composing the lens using acoustic holography by the finite element method.

Since it is difficult to optimize the structure of such a system instantly, however, we decided to
construct a phononic lens by arranging bubbles in the water-like substance that covers the head. A
bubble is modeled as a point-like scatterer, and the optimum arrangement of the scatterer is
determined so that the sound field becomes maximum at the focal point in the skull and 0 elsewhere.
It was shown that it is possible to realize a lens that can focus up to the diffraction limit in the

direction perpendicular to the incident direction of ultrasonic waves and up to about twice of the
limit in the incident direction.
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Fig. 5: Sound pressure « around the observation points and the optimal shape for the cubic (left) and spherical (right) design domains.
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Fig. 6: Hislory of objective function (Left) and Sound pressure distribution at g, 7: Sound pressure distribution in
optimal shape (Right). the case of bifocal.
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Figure 2 Variation in convergence of the objective function on the initial configuration of scatterers.

Figure 3 The final configurations for each initial condition
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