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Fig. 1. (a) Schematic diagram of combination structure; (b) dispersion relation curves for different waveguide widths W ;

(c) schematic diagram of spiral structure; (d) acoustic skyrmion pattern diagram.
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Fig. 2. (a) Schematic diagram of the directional propagation of surface acoustic waves along a waveguide excited by a clockwise ro-

tating spin acoustic source; (b) graph of the variation of sound pressure intensity of surface acoustic waves propagating to the right

along the upper waveguide; (c) graph of the ratio of forward and backward transmission of surface acoustic waves along the wave-

guide as a function of frequency; (d) graph of the variation in sound pressure intensity of surface acoustic waves propagating to the

left along the lower waveguide.
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Fig. 3. (a) Pressure field distribution in a combined structure excited by a clockwise rotating spin source; (b) acoustic skyrmion
modes in combinatorial structures excited by clockwise rotating spin sources; (c¢) pressure field distribution in a combined structure
excited by a counterclockwise rotating spin source; (d) acoustic skyrmion modes in combinatorial structures excited by counter-

clockwise rotating spin sources.
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Fig. 4. (a) Schematic diagram of acoustic surface waves propagating along the waveguide in the direction of No.1; (b) acoustic

skyrmion modes in helical structures; (c¢) schematic diagram of acoustic surface waves propagating along the waveguide in the direc-

tion of No.2; (d) acoustic skyrmion modes in helical structures; (e) schematic diagram of acoustic surface waves propagating along

the waveguide in the direction of No.3; (f) acoustic skyrmion modes in helical structures; (g) schematic diagram of acoustic surface

waves propagating along the waveguide in the direction of No.4; (h) acoustic skyrmion modes in helical structures.
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Fig. 5. (a) Pressure field distribution in the combined structure excited by a forward Huygens sound source; (b) acoustic skyrmion
modes in the composite structure excited by forward Huygens sound sources; (c) pressure field distribution in the combined struc-
ture excited by a backward Huygens sound source; (d) acoustic skyrmion modes in composite structures excited by backward Huy-

gens acoustic sources.
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Fig. 6. (a) Pressure field distribution in a combined structure excited by an upward Janus source; (b) acoustic skyrmion modes in
combinatorial structures excited by upward Janus sources; (c) pressure field distribution in a combined structure excited by a down-

ward Janus source; (d) acoustic skyrmion modes in combinatorial structures excited by downward Janus sources.
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Fig. 7. (a) Pressure field distribution in a combined structure excited by an upward Janus source; (b) acoustic skyrmion modes in

combinatorial structures excited by upward Janus sources; (c) pressure field distribution in a combined structure excited by a down-

ward Janus source; (d) acoustic skyrmion modes in combinatorial structures excited by downward Janus sources.
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Abstract

Acoustic skyrmion modes are topological texture structures of velocity field vectors generated on the
surface of acoustic structures. This protected vector distribution provides new opportunities for processing
sound information, transmission, and data storage. In this study, a combined structure of waveguides and spiral
structures is designed by using directional acoustic sources to excite waveguide mode transmission, thereby
achieving selective excitation of localized acoustic skyrmion modes. Through theoretical analysis and numerical
simulations, the pressure field distribution and velocity field distribution excited by spin acoustic sources,
Huygens acoustic sources, and Janus acoustic sources in this structure are investigated, demonstrating the
directional transmission properties of acoustic surface waves and the selectively excited acoustic skyrmion modes
in the combined structure. Numerical calculations reveal that when the spin acoustic source excites acoustic
surface waves propagating along the waveguide, the acoustic skyrmion modes in the helical structure in the
direction corresponding to the propagation are selectively excited. When the Huygens source excites acoustic
surface waves propagating along the waveguide, the acoustic skyrmion modes in the right or left direction are
selectively excited. However, when the Janus source excites acoustic surface waves propagating along the
waveguide, the acoustic skyrmion modes in the upward or downward direction are selectively excited. This
selective excitation of acoustic skyrmion modes by a directional acoustic source provides a new way to design

advanced acoustic information processing functional devices.
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