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Abstract

In recent decades, the study of artificial microstructures such as phononic crystals, metasurfaces,
and metamaterials has achieved remarkable progress, unveiling a series of novel physical phenom-
ena. The emergence of artificial acoustic systems supporting topological boundary states has pro-
pelled the research on acoustic structures to new heights. Inspired by developments in condensed
matter physics, extensive investigations have been conducted on the topological properties of pho-
tonic crystals, mechanical systems, and quasiperiodic structures. As a novel phase of matter trans-
cending conventional metal/insulator classifications, acoustic topological insulators exhibit unique
sound wave transport characteristics with nontrivial boundary modes, including backscattering
suppression and defect immunity, offering innovative paradigms for designing advanced acoustic
devices. This work focuses on the two-dimensional Su-Schrieffer-Heeger (SSH) model—a prototyp-
ical higher-order topological insulator. We systematically elucidate its topological band properties
and propose a novel 2D SSH-inspired acoustic lattice configuration. Numerical simulations success-
fully demonstrate corner-state localization, while subsequent acoustic experiments achieve the
first controlled excitation and characterization of corner-mode pressure distributions. This study
establishes both theoretical and experimental foundations for practical applications of topological
acoustic devices.

Keywords

Phononic Crystals, Higher-Order Topology, Topological Insulator, Symmetry

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).

http://creativecommons.org/licenses/by/4.0/

1. 531§

P 5B IR BE R G RS AR R ok TR A A . B BE T E RN LR B LAK, R
IAZEEAME S RN OSE, R T BT RAEIELTNE T SR [2]-[5]. R MRy
FRIEIRGE R B 208 T AR R[6]. 75 TR [T N TR IR R, A T Hih b 72 540 5 2258 AT
AESR, mB R 4424k (Higher-Order Topological Insulators, HOTISs) [8]-[10]ME& R Y, HE—B5emk T
G N RO HEBE PR d 4E n I RN AR ST IR (d — n) 4RI FAS (0 = 4 R 4 A n] 7E A — YRR BE
BEEAEME), HIGIMER B2 WEE P ACRR[11]-[13]. 3P 356 B (130 $M i B k5 70 i 1 42 R it
T KRG IR Y

YE8 HOTIs f A2, — 4k Su-Schrieffer-Heeger (SSH) R 7Y [14]-[16] 8 H: fai v 1) s 45 5 E 1)
FAAH I 32 000 . ASCR T 4 SSH B IX — AU S i MR R, d i M EUR Y 75 2 AR S5 R, R
Gt AR RE R S A RIS, 1 IRAE S5 b SEIUR A 75 R A T IOk S RAE, A
AN FAEDTT PO AR kG B P AR AR A 0 B F SRt T B b S I Ak 4

2. BFREHRIP
2.1, fRidskiE
WIS IR IORRE, MR GRS B TELE S, R T A0

N

DOI: 10.12677/mo0s.2025.145382 162 A5 477


https://doi.org/10.12677/mos.2025.145382
http://creativecommons.org/licenses/by/4.0/

SED

PERREIANE,  “HZk” AN “gfm” B w] LLEAT EABUN R > o SR PN GAR IR R IR (R8s v 1 )
I3 R D) T HeAt A 2 AR Y — R A i

WANEGARRARIZINE —FARL: MOBHK A R A2 AR, SR E fe v i i 5l HLARIH IR R & 145,
BRI RIS, 2 HAET S IR IR MR PE (1, A 1 Por. fEIRAES, Wl s s
GAR— R, TOKBESAE S A 18] ARTM0, fESRANEGR IR b, FERRRNE TS, K&
TALTAEHRER SR B 2 h, T fevr S . ISR IR T T LRI = (BN 22 ik
AR B RRAL

Conduction band

Surface states

Fermi level

Energy

Valence band

Momentum

Figure 1. Diagram of the band structure of a topological insulator
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Figure 2. Schematic diagram of the boundary state of a higher-order topological insulator
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Figure 3. (a) Schematic diagram of the boundary state of a higher-order topological insulator; (b) Two-dimensional SSH band
structure diagram; (c) Projected bands of the mere phase; (d) Projected bands of topological phases
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Figure 4. (a) Schematic diagram of the protocellular model used in the calculation; (b) Structural drawings with simulated
calculations; (c) Simulated density of states (DSs) with 8 x 8 protocells; (d) Schematic diagram of angular acoustic pressure
field distribution; (e) Schematic diagram of the distribution of the acoustic pressure field in the marginal state; (f) Schematic
diagram of the distribution of the acoustic pressure field of the body
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Figure 5. (a) Planar acoustic sample; (b) Layout of the positions of the sound source and detection microphone (detector); (c)
Angular state measurement sound pressure field; (d) Boundary state measurement sound pressure field; (e) Volume state meas-
urement sound pressure field
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