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Fig. 1. (a) Schematic of an airborne honeycomb-lattice sonic crystal (SC) composed of gear-like rods; (b) dispersion relation of SC-I.
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Fig. 2. Dispersion relations of (a) SC-II and (b) SC-III; (c) distributions of pressure field for eigenmodes at Brillouin zone center of
SC-II and SC-III.
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Fig. 3. (a) Schematic of a supercell composed of SC-II and SC-III. Red dashed line represents the domain wall between two SCs; (b)
dispersion relation of the supercell; (c) simulated pressure eigenfunctions (S and A modes) of the supercell at point N (& = 0.05) in

Fig. (b); (d) simulated acoustic energy flow for pseudospin-dependent edge modes at points M and N (& = + 0.05) in Fig. (b).
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Fig. 4. (a) Photograph of a topological waveguide composed of SC-II and SC-III. Red dashed line represents the domain wall of two
SCs. Simulated distributions of acoustic intensity field at 9.1 kHz (within bulk band gap) through topological waveguides with three
different configurations, corresponding to (b) without defects, and with (c¢) a disorder and (d) a bend. Green star and arrows repres-

ent source positions and propagation directions.

P, FERT BB PR NI P LA RS [F) 26 8 Y
BFE: TR 5. BUEEAEIAR )y 9.1 kHz B
43 3 TCBR | AL T 5 A B Y =Ah
B PSP M 7 A 0 7 BE B BE S 40 A, 43 i)
Kl 4(b)— & 4(d). ATLATE Y, T A BEAH S AY i 2 At
RIS N T T 1 TE ) 5 B e (] 4(c)
5 4(d)), mRGE I REMNE S, 5ICEE S b
08 IOF 4 7 A R AR P B A AR ]

N T DI YR NI T B R, L
i RO RIS RS NI S B B G SR
WNIE 5(a) BT, BN 8 mm 55 B0 A il 7
PIASFAT B (R SF 2 m x 2 m) Z[A], 76 P47
IR ) D o Tk S W e 4 9 L A 7 R
. #ids (Knowles, 7.2 x 9.5 x 4.1 mm?) i
DFTHRARIR D, B AERE T 22, 22 5a X (B&K-
4961 BY) JECEAERE S AT 5 mm b 4 1 I & 75 0
5, #IH PULSE Labshop fFic R4 B AR
DB 5 SR, X [R5 AN R B 5

SR T FEAT ARG SR AN, IR T PR [ A3
R (B J7 67—k, RIVA] 5 21 S 55600 4 1 7 i3
S

Pl 5(b) Sy 525 £ = Fh 2 AU P i M X
MBS PTLUE ), 5 IO A RN S (LD
SEER) KPR RIS AR L, N ETTT 5 A B
AP RN P B SIS L ANAE, DT 38 I 0 2%
BT L T A ZBRFA I BT [ U SR, SR E0 Uk
T I B A R G U B b, 1R 3(b)
T AR (F152 X380 AH L, &1 5(b) iy TAE
WA (F152 X 38, 8.89—9.41 kHz) [A] =5 45 X 35K fii
B 150 Hz /2 A, X £ 2 5 5056 0 & W = i)
(303 K) M. o THRIEIZH 2, BUER LR N
303 K X Ny 1) R (L BOC R (B AUEE py =
1.165 kg/m3, A ¢, = 348.9 m/s), Z5HANE 5(c)
Jirs. AT LA, GEE AR R i) e A5 DX 358 O
% 150 Hz Zef7, S5 5(b) Hxd B () S2 5645 1A &
RGF-

224301-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 68, No. 22 (2019) 224301

@) g BOK BEEE SR () 10
o

< gl
%
K

B&K4961
FTX, sl
8.3 9.2 9.6 05 0 0.5
Wi /kHz Ky /(2m/3b)

Bl 5 (a) 0304 Hon B (b) SC30 M JC B PG 5 P8 JC )T 15 2 it i B 109 75 9 MBS X B 1 OB I 3 (o) A DR AE IR
303 K X 19 (5806 R
Fig. 5. (a) Experimental setup; (b) measured transmission spectra for topological waveguides without and with two types of defects;

(c) dispersion relation of the supercell at 303 K.
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Dual-band acoustic topological insulator based on
honeycomb lattice sonic crystal®
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Abstract

Based on honeycomb-lattice sonic crystals with gear-like scatterers, we study and design a pseudospin-
dependent dual-band acoustic topological insulator. Compared with cylindrical scatterers with only a single
tunable structure parameter (radius), there exist four tunable parameters for the gear scatterer, which enables
the sonic crystal to realize four-fold accidental degeneracy at two different frequencies simultaneously. By
changing structure parameters of the gear-like scatterers, we can obtain topological phase transitions between
two sonic crystals. Based on this, we design acoustic topological waveguides based on two honeycomb-lattice
sonic crystals with different topological phases, and introduce two kinds of defects (a lattice disorder and a
bend) into the topological waveguide near the domain wall. Numerical simulations show that pseudospin edge
states almost immune to two types of defects and can pass through the topological waveguides with negligible
backscatterings. Compared with the results for the topological waveguide without defects, the measured
transmission spectra are almost unchanged with the two types of defects, which further experimentally verify
the robustness of pseudospin-dependent edge states. Additionally, by keeping the structure of the sonic crystals
unchanged, we can also obtain another four-fold accidental degenerate Dirac point and the corresponding
topological sound phase transitions in the high-frequency region. The simulations show that there also exists a
pair of edge states in the overlapped bulk bandgap of the two sonic crystals in the high-frequency region. It is
worth noting that the tiny gap between two edge states is larger than that in the low-frequency region, which
may arise from the greater difference between the distributions of pressure eigenfunction of two sonic crystals.
The proposed dual-band acoustic topology insulator has potential applications in multi-band sound

communication and sound information processing.

Keywords: sonic crystal, Dirac point, topological insulator, dual-band
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