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Fig. 1. (a) Cross section of the phononic crystal lattice in zy-plane and the vector representation of the minimum cell (red arrows)

and compound cell (yellow arrows); (b) three-dimensional view of the minimum cell; (¢) band structure of the first Brillouin zone of

the minimum cell. The inset shows the first Brillouin zone.
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Fig. 2. (a) Three-dimensional view of the compound cell; (b) the folding mechanism from Bz to Bz. Red and yellow hexagon region

represents the first Brillouin region of minimum cells and compound cells, respectively represented by Bz and Bz; (¢) band struc-

ture of the compound cell.
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Fig. 3. Band structure of the compound cell for the case of (a) topologically trivial R, = 0.32b and (c) topologically nontrivial R; =
0.345b. The insets show the pressure field below the band gap around I'y in corresponding lattice when the energy flow rotating
clockwise. The pressure filed of the double degenerated state at I'y point in the band structure of topologically (b) trivial and (d)
nontrivial compound cell. The black arrows indicate the direction of energy flow. The energy flow rotating clockwise (anticlockwise)

corresponds to the pseudospin-down state (pseudospin-up) represented by red (blue) arrow.
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Fig. 4. (a) Schematic diagram and band structure of the ribbon-shaped supercell (in zy-plane). The ribbon-shaped supercell is com-
posed of 10 topologically nontrivial compound cells sandwiched by 5 topologically trivial compound cells on both sides. The gray
areas in the band diagram represent the bulk modes and the blue and red lines indicate the edge modes; (b) pressure fields of points
A and Bin (a). The four diamond-shaped color graphs in the middle are the edge modes of point A and B, respectively. The black
arrows indicate the direction of energy flow.
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Fig. 5. Absolute pressure field of (a) the topologically trivial phonon crystals (Structure I), (b) linear type topologically protected
surface wave waveguide (Structure 1II'), (¢) bending type topologically protected surface wave waveguide (Structure M) at f =
7630 Hz. The insets in red diamonds show the absolute pressure field of the three structures at z = L in ay-plane; (d) transmission
coefficient of Structure 1 (black dashed line), Structure Il (red solid line) and Structure I (blue dotted line). The shaded areas

represent the gap frequency range of the compound cell.
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SPECIAL TOPIC—The frontiers and applications of topological physics

Pseudospin modes of surface acoustic wave and topologically
protected sound transmission in phononic crystal®

Wang Yi-He  Zhang Zhi-Wang  Cheng Ying' Liu Xiao-Jun?

(Institute of Acoustics, School of Physics, Nangjing University, Nanjing 210093, China)
( Received 9 September 2019; revised manuscript received 4 November 2019 )

Abstract

The manipulation of surface acoustic wave (SAW) in phononic crystal plays an important role in the
applications of SAW. The introduction of topological acoustic theory has opened a new field for SAW in
phononic crystals. Here we construct pseudospin modes of SAW and topological phase transition along the
surface of phononic crystal. The local SAW propagation is realized by air cylindrical holes in honeycomb lattice
arranged on rigid substrate, and the Dirac cone is formed at the K point of the first Brillouin zone.
Furthermore, using the band-folding theory, double Dirac cones can be formed at the center [I', point in the
Brillouin zone of compound cell that contains six adjacent cylindrical air holes. The double Dirac cone can be
broken to form two degenerated states and complete band gap by only shrinking or expanding the spacing of
adjacent holes in the compound cell. It is found that the direction of energy is in a clockwise or
counterclockwise direction, thus the pseudospin modes of SAW are constructed. The shrinkage-to-expansion of
the compound cell leads to band inversion, and the system changes from trivial state to nontrivial state,
accompanied by the phase transition. According to the bulk-boundary correspondence, the unidirectional
acoustic edge states can be found at the interface between trivial system and nontrivial system. Then we can
construct a topologically protected waveguide to realize the unidirectional transmission of surface waves without
backscattering. This work provides a new possibility for manipulating the SAW propagating on the surface of

phononic crystals and may be useful for making the acoustic functional devices based on SAW.

Keywords: surface acoustic wave, double Dirac cone, acoustic pseudospin, topological edge mode
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