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Fig. 1. (a) Bulk band structure of a two-dimensional phononic crystal with a square lattice, consisting of a rubber cylinder in water.
Inset: the unit cell. (b) 3 D bulk band structure around the M point, corresponding to the dashed region in (a). Here, the lattice
constant and the radius of the cylinder are @ =1 m, and R = 0.15a , respectively. The mass densities and sound velocity of the
rubber and water are: p = 1.3 x 103 kg/m3, v = 500 m/s ; and pp = 1.0 x 103 kg/m?, vg = 1500 m/s , respectively.
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Fig. 2. (a) Bulk band structure of an oblique lattice with the tilted angle o = 70°, Inset: the unit cell (left); the enlarged band
structure around the Dirac point near Ki point (right); (b) first Brillouin zone of the oblique lattice; (¢) 3D bulk band structure

around the Dirac point, corresponding to the dashed region in (a).
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Fig. 3. (a)Projected band structures along the kj direction of the phononic crystals with a square lattice; (b) projected band struc-
tures along the kg direction of phononic crystals with an oblique lattice of a = 70°, Im(Z) represents the imaginary part of sur-
face impedance; (c)interface state dispersion along the kg direction of the interface constructed by two phononic crystals with the
square and oblique lattices, the pink lines denote the interface states; (d) the interface constructed by two phononic crystals with
the square and oblique lattices(left), the eigen pressure field distribution of the interface state at 937.4 Hz (right) .
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Fig. 4. Bulk band structures along the k, direction of the phononic crystal with an oblique lattice with o = 70° for k, = 0.6 n/a

(a) and kg =0.857n/a (b); (c) bulk band structures along the kg direction of the phononic crystal with a square lattice for

= = 0.85 w/a . The red and blue regions represent Im(Z) < 0 and Im (Z) > 0, respectively.
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Fig. 5. Interface state dispersion along the k; direction of
the interface constructed by two phononic crystals with the
square and oblique lattices with a = 50°, the red line and
the green line represent the interface state dispersion in the
two common band gaps, respectively.
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Abstract

Interface states have great practical applications, therefore, searching for the existence of interface states

has both scientific significance and application prospects. In this work, we tilt the structure unite of two-

dimensional phononic crystal with a square lattice to construct an oblique lattice possessing linear Dirac

dispersion. The Dirac dispersion gives rise to a m jump of the Zak phases of the bulk bands, so that the

projected band gaps at both sides of the Dirac cone have opposite signs of surface impedance, resulting in

deterministic interface states at the interface formed by the phononic crystal with a square lattice and its tilted

oblique lattice system.
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