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Growing interest in acoustic topological insulators arises from their robust edge states, which are resis-
tant to defects and backscattering. Traditionally, the edge states of topological insulators are believed to be
nearly immune to subwavelength-sized defects. As a result, there have been few studies focusing on utiliz-
ing defects to enhance wave control. Here, we investigate the impact of introducing periodic defects into
acoustic pseudospin systems on the band structures and extend our analysis to nonperiodic structures. We
discover that even a single subwavelength defect can significantly affect the topological boundary states,
providing a platform for controlling and switching pseudospin edge states using defects. Expanding on this
discovery, we develop a broadband topological sound switch (TSS) that achieves a high transmission ratio
before and after switching by simply rotating a single scatterer. Additionally, we design three topological
logic gates based on this TSS and experimentally verify their functionality. Our theory and experiments
demonstrate that the spatial arrangement of defects can serve as a means of manipulating sound waves,
potentially advancing acoustic computing and information processing.
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I. INTRODUCTION

Topological insulators have attracted significant inter-
est in condensed matter physics [1–3] due to their unique
bulk band-gap properties and robust edge states [4–10] that
are immune to backscattering. Recently, the field of topo-
logical insulators has expanded beyond condensed matter
physics and has become a cross-disciplinary research area.
The simplicity and flexibility of classical systems, such
as optical [11–15], elastic [16–18], and acoustic systems
[19–34], have led to increased interest in applying topo-
logical insulator concepts to these systems. The robustness
of topological edge states holds great promise for practical
applications in photonic and phononic devices. However,
we have discovered that the edge states of acoustic topo-
logical insulators (ATIs) are not immune to all types of
defects, even at subwavelength sizes. In contrast to the
spin-mixing defects proposed in previous work [35], we
have explored the effects of periodic defects that do not
break the global C6v symmetry of the system on sound-
wave transmission. We have discovered an anomalous
phenomenon in which simply changing the angle of a
single defect can significantly impact the transmission
rate of sound waves. This phenomenon has rarely been
investigated in previous works.

Furthermore, topological insulators have been increas-
ingly utilized in the design of topological logical elements
in photonic and phononic systems [36]. For example,
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two-dimensional photonic crystals have been used to con-
struct topological all-optical logic gates [14] that exhibit
strong topologically protected properties, even in the pres-
ence of significant disorders. By constructing topologi-
cal and trivial photonic crystals, it is possible to realize
pseudospin-preserving and -flipping edge states, leading to
experimental observations of switched-ON and -OFF states
[15]. In the acoustic domain, sound switches [29–31] are
essential components of various logic gate designs, and
recent research has focused on acoustic valley-Hall topo-
logical insulators for achieving XOR and OR logic functions
[32,33]. However, previous works on topological sound
switches (TSSs) have some limitations, such as only being
applicable to a single frequency [31] or requiring rigor-
ous conditions [29,30] like an appropriate temperature or
pressure, which hinder their practical applications.

Here, we first investigate the effect of introducing peri-
odic rhombus scatterer defects on the band structure of
ATIs. Then, we replace one triangular scatterer of an ATI
(the robust edge states of which were demonstrated pre-
viously [37]) with a rhombus rotator and find that the
transmission of sound waves changes significantly with the
rotation angle, even when there is only a single defect. This
inspires us to consider the rotation angle of the defect as an
alternative degree of freedom for easy control of acoustic
wave transmission over a wide frequency range. Build-
ing on this concept, we develop a broadband TSS with
a high transmission ratio before and after switching by
simply rotating a single scatterer. Based on this TSS, we
further experimentally design three topological acoustic
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logic gates with high robustness to defects, which hold
promise for applications in acoustic signal processing.

II. TSS AND ITS TRANSMISSION-REGULATION
EFFECT

As shown in Fig. 1(a), a pseudospin ATI, which con-
sists of two types of honeycomb lattice array composed of
triangular scatterers, is in the switched-OFF state. The unit
cell of the ATI, as schematically shown in Fig. 1(b), has C6
symmetry and the existence of the band gap is determined
by the angles of the triangular scatterers. Previous work
[37] has demonstrated that topologically protected edge
states appear at the interface between these two types of
honeycomb lattice presented in Fig. 1(a). However, when
substituting one triangular scatterer located at the inter-
face by a diamond-shaped one in the manner shown in
Fig. 1(b), we observe a significant impact on the transmis-
sion of sound waves, depending on the rotation angles of
this substitute. Specifically, as shown in Fig. 1(c), we use
the horizontal rhombus (marked in gray) as the baseline of
0◦ rotation angle. Clockwise rotation gradually opens the
switch until it reaches −60◦, fully opening it (referred to
as the “ON” state), resulting in high transmission of sound
waves. Conversely, counterclockwise rotation to 60◦ fully
closes the switch (referred to as the “OFF” state), leading
to almost complete reflection of sound waves. Figure 1(c)
presents a conceptual diagram of a physically realizable
switch designed with the user-friendly feature of a TSS.
The specific parameters are as follows: the lattice constant
of each unit cell is a = 60.0 mm, the obtuse angle of the
rhombus is α = 120◦, the side length of the triangular scat-
terer is l = 14.9 mm, and the side length of the rhombus
scatterer is b = 17.5 mm.

To investigate the impact of the rotation angle of the
rhombus defect on the transmission of pseudospin edge

states, we utilize COMSOL Multiphysics to calculate the
dispersion projection of supercells with five periods, as
depicted in the left panel of Fig. 2. Subsequently, we exam-
ine the transmission of sound waves excited by a point
source (frequency at the band gap) in a finite structure.
Figures 2(a)–2(c) present the results without defects, with
a TSS in the ON state, and with that in the OFF state,
respectively. In the absence of any defects, five dispersion
curves appear within the band gap due to the folding of
the Brillouin zone. Adjacent dispersion curves degenerate
at the high-symmetry point, and a tiny gap appears around
9.40 kHz, which is consistent with the projected disper-
sion curve of a supercell with only one period [37]. When
a point source of 9.83 kHz is placed at the left entrance
of the interface in the defect-free finite structure, the topo-
logically protected edge states almost completely transmit
through the structure, as shown in Fig. 2(a). Next, we
replace one triangular scatterer at the interface with the
rhombus one (the sound switch introduced earlier), and
rotate it to the fully open position, i.e., the ON state. We
repeat the previous process on the structure with the ON
configuration and obtain the dispersion curve and trans-
mission results. As shown in Fig. 2(b), the band structure
of the ON configuration is almost the same as the one with-
out defects, except for a slight opening at the degeneracy
point. Therefore, it can be predicted that the transmission
of this structure is very close to that without defects, as
confirmed by the transmission graph, which indicates that
the transmission of sound waves is hardly affected by the
rhombus defect. In contrast, the dispersion curves of the
OFF-configuration supercell, as shown in Fig. 2(c), appear
to be very flat compared to when there are no defects,
indicating group velocities close to zero, i.e., localized
states. Correspondingly, the sound-pressure-level (SPL)
field distribution shows that the sound-wave transmission
is severely suppressed at this time. When the rotation

(a) (b)

(c)

FIG. 1. (a) Schematic of the pseudospin ATI in which the rhombus TSS is in the OFF state. (b) Unit cell of the pseudospin ATI
composed of six triangular scatterers. Proposed TSS is formed by replacing one of the triangular scatterers with a diamond-shaped
one. (c) Enlarged view of the TSS and concept diagram of the actual switch design. With the gray rhombus as the reference for 0◦,
rotating clockwise 60◦ represents ON, and counterclockwise 60◦ represents OFF.
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(a)

(b)

(c)

FIG. 2. Dispersion projection of the supercells with five periods and the simulated SPL field distributions in finite structures at
9.83 kHz. (a) Five-period supercell without TSS and its band structure. SPL field distribution shows that sound waves have high
transmission rates in the finite structure without TSS due to topological protection. (b) Same as (a) but for the supercell with a TSS
in the ON state. SPL field distribution shows that sound waves also have high transmission rates. (c) Same as (a) but for the supercell
with a TSS in the OFF state. Distribution of the SPL field shows a significant suppression of sound-wave transmission due to TSS.

angle of the TSS deviates slightly from −60◦(60◦), i.e., the
ON (OFF) states, the sound-wave transmission SPL barely
changes, indicating that the switching efficiency is robust
to rotation-angle disorder. More detailed information can
be found in Appendix D.

The pseudospin degeneracy in acoustic systems is
not ensured by time-reversal symmetry, as phonons are
bosons, but rather by crystal symmetry. This makes the
acoustic pseudospin Hall insulator less robust compared
to its electronic counterpart, which relies on global time-
reversal symmetry to protect its band topology. Addition-
ally, unlike electronic quantum spin Hall systems, acoustic
pseudospin Hall systems exhibit a more fragile topology.
Therefore, acoustic topological edge transports are not
immune to all types of defects. For example, spin-mixing
defects can induce backscattering [35,38]; this provides
the possibility for the rhombus-defect-based TSS proposed

here. From the perspective of crystal symmetry, which pro-
tects the edge states of fragile topological insulators [39],
we could analyze how the TSS can significantly impact
acoustic wave transmission and provide a straightforward
explanation. Due to the zigzag shape of the boundary of
the topological insulator, rather than a straight line, the
TSS in the OFF state forms a rigid barrier at the bound-
ary, while that in the ON state does not, although they
can be transformed into each other by a simple rotation.
When the switch is in the ON state, the lower part of the
rhombus defect (located at the interface of two types of
sonic crystals) is almost in the same position and size as
the triangular scatterer without defects. So it hardly dis-
rupts the crystal symmetry, resulting in a minimal influence
on the coupling between unit cells. Conversely, when the
switch is in the OFF state, the lower part of the rhom-
bus is roughly mirror symmetric to the triangular scatterer,
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which severely disrupts the local crystal symmetry and hin-
ders the coupling between the two airborne atoms on each
side, thereby forming an “electrical circuit break” (high
impedance of inductance). The simulated vortical energy
flux, i.e., acoustic pseudospin and the speed of sound
flow both confirm the above analysis (see Appendix F for
details). Inspired by previous work [22], we can use the
simple one-dimensional periodic circuit model shown in
Fig. 5 (see Appendix A) to abstractly simulate the switch-
ing effect of the TSS. Since there are acoustic vortices
(so-called pseudospin) protected by crystal symmetry in
each unit cell at the crystal interface [37], we can regard the
airborne atoms in each unit cell as capacitors, C, and the
coupling between them as inductance, L. Based on Kirch-
hoff’s current law, when the switch is turned ON, the circuit
equation can be expressed as

ω2U1 = −2(μ + μ)U1 + μU2 + μU6ei5ka,

ω2U2 = −2(μ + μ)U2 + μU1 + μU3,

ω2U3 = −2(μ + μ)U3 + μU2 + μU4,

ω2U4 = −2(μ + μ)U4 + μU3 + μU5,

ω2U5 = μU6e−i5ka − 2(μ + μ)U5 + μU6,

(1)

where μ = −(1/LC), and k, a, ω, and Ui represent the
Bloch wave vector, the aforementioned lattice constant,
the angular frequency, and the electric pressure in the ith
capacitor, respectively. Equation (1) can be rewritten as the
vector form:

HonU = ω2U, (2)

where U = (U1, U2, U3, U4, U5) and Hon is the Hamiltonian of the ON system, which can be written as

Hon =

⎡
⎢⎢⎢⎢⎢⎣

−2(μ + μ) μ 0 0 −μei5ka

μ −2(μ + μ) μ 0 0
0 μ −2(μ + μ) μ 0
0 0 μ −2(μ + μ) μ

−μe−i5ka 0 0 μ −2(μ + μ)

⎤
⎥⎥⎥⎥⎥⎦

. (3)

In contrast, with ε representing a small quantity, the Hamiltonian of the OFF system,

Hoff =

⎡
⎢⎢⎢⎢⎢⎣

−2(μ + μ) μ 0 0 −μei5ka

μ −2(μ + μ) μ 0 0
0 μ −2(μ + μ) ε 0
0 0 ε −2(μ + μ) μ

−μe−i5ka 0 0 μ −2(μ + μ)

⎤
⎥⎥⎥⎥⎥⎦

, (4)

is different from Hon due to the electrical circuit break
between the third and fourth subunit cells. Diagonalization
of these two Hamiltonians results in the corresponding dis-
persion curves shown in Figs. 5(b) and 5(c), which are very
similar to those in Figs. 2(b) and 2(c). Therefore, we could
regard the TSS in the OFF state as an acoustic rigid bound-
ary for sound waves, and more details about the circuit
model can be found in Appendix A.

III. TOPOLOGICAL LOGIC GATES BASED ON
TSSs

Based on this TSS, three types of topological logic gates
are designed. As shown in Fig. 3, we define the states
of two TSSs as (S1, S2), where Si (i = 1, 2) represents ON
(encoded as 1) or OFF (encoded as 0). Figure 3(a) shows the

AND gate containing two TSSs connected in series, with
source I placed at the left entrance of the interface, and the
SPL detected at the right exit demonstrates the truth value
of the output state. Through simulation calculations, we
find that for the switch states (0, 1) and (1, 0), the sound
energy at the exit is very weak, resulting in an output state
of (0), i.e., false, as depicted in Fig. 3(b). However, for the
state (1, 1), the strong acoustic energy at the exit proves
an output of (1), i.e., true, which demonstrates the effec-
tiveness of this AND gate. Figure 3(c) shows the designed
OR (XOR) gate consists of two parallel TSSs. According to
the interference mechanism, when two input sources at I1
and I2 have the same amplitude and phase, the two sound
waves interfere constructively, resulting in an OR gate. On
the contrary, if there is a phase difference of π between the
sources, interference happens destructively, which makes
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(a) (b)

(d)

(c)

FIG. 3. Schematic diagram of topological acoustic logic gates and their simulated SPL field distributions in 9.83 kHz. Yellow lines
represent the interfaces of two topologically distinct honeycomb arrays. (a) Schematic diagram of the AND gate. Sound waves are
incident from entrance I, pass through two TSSs, and the intensity of the outgoing sound determines the truth value of the transmission
signal. (b) Distribution of the SPL field shows that the output is true only when in the switch state is (1, 1). (c) Schematic diagram of
the OR (XOR) gate. Two sources are set at I1 and I2 with the same amplitude and a phase difference of 0(π), which corresponds to an
OR (XOR) gate. (d) Distribution of the SPL field of OR and XOR gates.

it an XOR gate. The simulation results presented in Fig. 3(d)
demonstrate excellent agreement with the predicted out-
comes. We observe that for the OR gate, the sound energy
that passes through the output port is evident for all three
states, (1, 0), (0, 1), and (1, 1), confirming that the outputs
are true. In contrast, for the XOR gate, only the outputs for
the states (1, 0) and (0, 1) are true, while the sound energy
that passes through the output port for the state (1, 1) is
very weak, indicating a false output. In fact, a NOT gate
can also be designed by utilizing interference mechanisms.

IV. EXPERIMENTAL OBSERVATION OF THE
EFFECT OF TSSs AND TOPOLOGICAL LOGICAL

GATES

Next, we conduct experiments to verify the effective-
ness of the proposed TSSs and the topological logic gates
designed based on them. First, we experimentally mea-
sured the SPL of transmission on condition of different
switch states within the frequency range from 9.0 to
11.1 kHz, as shown in Fig. 4(a). It can be observed that
within a wide bandwidth of approximately 9.4–10.2 kHz,
the difference in SPL measured at the exit between the
ON and OFF states is over 12 dB, which demonstrates a
relatively good performance for the TSS. Then, to experi-
mentally demonstrate the logical functions of OR and XOR
gates, we fabricated the experimental sample shown in

Fig. 4(b). Two bits can be realized by the simple manip-
ulation of rotating two TSSs in the sample, leading to four
possible switch states of (0, 1), (1, 0), (0, 0), and (1, 1),
which provide a flexible platform for logical computation.
In the experiment, we uniformly set 85 dB as the threshold,
meaning that the output state is (0) when the SPL probed
at the exit is lower than this value, and (1) when higher.
For the OR logic gate, we set two sound sources with the
same initial phases and amplitudes at input ports I1 and
I2. The output SPL at two frequencies, 9.74 and 10.1 kHz,
are measured and the results are shown as the blue bars
in Fig. 4(d). For comparison, for the XOR gate, we need
to set two sound sources with the same amplitude but
opposite initial phases at I1 and I2. It should be noted
that during the experiment, different sound delays need
to be set accordingly for different frequencies to main-
tain a phase difference of π . Also, we have measured the
output SPLs at frequencies of 9.74 and 10.1 kHz, and the
results are shown as the gray bars in Fig. 4(d). The bar
charts show that for the OR gate, the only switch state that
results in an output signal of (0) (i.e., lower than 85 dB) is
(0, 0) for both frequencies. Conversely, for the XOR gate,
as long as the two switches are in the same state, either
(0, 0) or (1, 1), the output state will be (0), which agrees
well with the simulated result. This demonstrates that our
proposed topological logic gates based on designed TSSs
have good logic operation capabilities. To provide a clearer
illustration of the logical functions of these topological
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(a)

(c)

(b) (d)

FIG. 4. (a) Experimentally measured SPL of transmitted sound waves in ON and OFF states of the TSS. Light green highlights the
frequency band where the effect of TSS is significant. (b) Truth table for three topological logic gates. Left two columns represent the
switch states (S1, S2), and right four columns represent the signal output states. (c) Schematic diagram of the experimental sample
of the OR (XOR) gate in the (1, 0) switch state. Two identical sound sources are placed at I1 and I2, and a probe is placed at the exit
on the right side of the interface. (d) Output SPL measured at frequencies of 9.47 and 10.1 kHz. Blue and gray bars represent the
measurement results of OR and XOR gates, respectively. Black dashed line is located at the threshold frequency of 85 dB.

logic gates, we have constructed a truth table based on
our measurement results, as shown in Fig. 4(b). Notably,
these gates are robust against certain disorders, thanks to
the topologically protected edge state, and further details
can be found in Appendix B.

V. CONCLUSIONS

We replaced a triangular scatterer in a pseudospin ATI
with a rhombus rotator and investigated the effect of the
rotation angle on the transmission of edge states. Our
results demonstrate that rotating the rhombus defect leads
to a significant change in transmittance. Based on this, we
developed a readily usable TSS with a SPL difference of
more than 12 dB across a wide bandwidth. Notably, our
TSS outperforms previous designs in terms of bandwidth,
robustness, and simplicity. Furthermore, we encoded the
ON and OFF states as binary digits 1 and 0, respectively,
and designed three topological logic gates based on this
encoding. The logical functionality of these gates was
thoroughly validated through both simulations and experi-
ments. These findings not only provide a practical platform
for acoustic computing and signal processing but also hold
potential for applications in photonic and phononic crystals

by demonstrating the ability to control waves through a
single defect.

Data that support the findings of this study are available
from the corresponding author upon reasonable request.
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APPENDIX A: ANALOGY TO CIRCUIT MODELS

We consider each airborne atom contained in the sub-
unit cells of the five-period supercell as a Helmholtz
resonator, and the air connecting the subunit cells as cou-
pling tubes. Through this method, the scattering system
in Fig. 5(a), i.e., the ATI with the TSS proposed in the
manuscript, can be equivalently mapped to the resonant
system in Fig. 5(b). By using classical electroacoustic anal-
ogy, the system in Fig. 5(b) can be analogized to the
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(a)

(b)

FIG. 5. (a) Schematic diagram of TSS pro-
posed in the manuscript, which is the OFF state.
(b) Schematic diagram of a cavity-resonance
system equivalent to the five-period supercell.
Inner part of the brown pipe is very slen-
der, resulting in a very weak coupling between
the third and fourth Helmholtz resonant cavi-
ties. (c) Equivalent circuit diagram, where the
brown inductor has a strong inductance. (d)
Band structures obtained by solving the Hamil-
tonian matrix of the circuit. Left and right
figures correspond to the circuit in the “ON”
state and in the proximity of the “OFF” state,
respectively.

periodic circuit in Fig. 5(c), where the cavities are analo-
gous to capacitors C and the coupling tubes are analogous
to inductances l. The TSS in the OFF state can block the
coupling, which is equivalent to a very long and thin cou-
pling tube, and this can be considered as a very large
inductance (marked in brown) in the circuit [Fig. 5(b)]. We
take the parameter values here as C = −1, L = −1, μ =
−1/(LC) = −1, and ε = −0.1 and obtain the circuit band
structures corresponding to open and proximately closed
circuits by diagonalizing the Hamiltonian matrices shown
in Eqs. (3) and (4) of the main text, as shown in Fig. 5(d).
Comparing them with Figs. 2(b) and 2(c) in the main text,
we can see that the calculated and simulated band struc-
tures are very similar; this further demonstrates the effect
of the TSS on sound waves.

It is worth noting that our analogy between the acoustic
pseudospin Hall insulator and a circuit model differs from
the classical electroacoustic analogy, as the scattering sys-
tem here is not a lumped parameter system. However, since
each unit cell has a robust acoustic vortex, we can treat it
as a whole, equivalent to the capacitor mentioned earlier.
Therefore, we did not determine the capacitance and induc-
tance values based on structural parameters, but rather used
a numerical value of −1 as a parameter in the Hamilto-
nian matrix. This abstract analogy helps us understand that
the functionality of the TSS arises from its blocking of the
coupling between acoustic cavities.

APPENDIX B: THE ROBUSTNESS OF THE
TOPOLOGICAL GATES AGAINST DISORDER

To investigate the robustness of the proposed topologi-
cal logic gates against defects, we introduced “inverted-V”
defects to three types of logic gates and observed their out-
put truth values. We introduced defects into both the (0, 1)

and (1, 1) switch states and compared them with defect-
free cases, as shown in Fig. 6. It can be seen clearly that
for each logic gate, the introduced defects have no effect
on the result, regardless of whether the output is in the state
of 0 or 1, i.e., the output SPL remains almost unchanged.
In other words, the logical functions of the three types of
logic gates designed here are immune to defects of appro-
priate strength, and this broadens the design horizon for
more complex topological logic gates.

APPENDIX C: THE BROADBAND
CHARACTERISTIC OF THE TOPOLOGICAL

SOUND SWITCH

To demonstrate the broadband characteristics of the
TSS, we simulate the SPL distributions under different
frequencies when the TSS is in the ON and OFF states.
In addition to the 9.83-kHz result shown in Fig. 2 of the
main text, Fig. 7 also shows that the TSS has good tunable
control over sound-wave transmission rates at multiple
frequencies, including 9.4, 9.7, and 10.0 kHz.

034025-7



SHI FENG LI et al. PHYS. REV. APPLIED 22, 034025 (2024)

(a)

(b)

(c)

FIG. 6. (a) Distribution of the
SPL field for the AND gate with
and without an inverted V-shaped
defect at (0, 1) and (1, 1) states,
respectively. (b) Same as (a) but
for the OR gate. (c) Same as (a) but
for the XOR gate. Results show that
the introduction of defects does
not affect the truth value of the
output signal for both the (0, 1)

and (1, 1) switch states.

Furthermore, we simulate the sound transmission rates
from 9.0 to 11.0 kHz, and the results are shown in Fig. 8,
indicating that the TSS has good tunable control over

(a)

(b)

(c)

FIG. 7. SPL field distributions when TSS is in the ON and OFF
states, with the sound-source frequency at (a) 9.4, (b) 9.7, and (c)
10.0 kHz.

sound-wave transmission within the broad frequency range
of 9.4 to 10.2 kHz (shaded in light green). This is in
good agreement with the experimentally measured trans-
mission rates shown in Fig. 4(a) of the main text. Both
the simulation and experimental results demonstrate the
broadband characteristics of the TSS proposed here.

APPENDIX D: THE VARIATION OF
TRANSMISSION RATE WITH ROTATION ANGLE

To further validate the robustness of the switching effect
of TSSs to the rotation angle in the ON and OFF states, we

FIG. 8. Normalized sound-transmission spectrum from 9.0 to
11.0 kHz, with the red line and black line, respectively, marking
the results of TSS in the ON and OFF states.
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FIG. 9. Variation of the system’s transmission with rotation
angle (with the frequency fixed at 9.83 kHz). When the rotation
angle does not significantly deviate from −60◦(60◦), sound-
pressure-level transmission rate remains stable at a relatively
high (low) level.

simulated the transmission rate of the 9.83 - kHz sound
signal. The result is shown in Fig. 9, where the trans-
mission SPL undergoes a sharp decline when the rotation

angle of the TSS changes from 38◦ to 50◦. For angles
other than this, the transmission changes very smoothly,
especially around −60◦ and 60◦, where the transmission
SPL is quite insensitive to changes of the rotation angle,
indicating that the sound-wave-control effect is robust to
rotation-angle disorder when the TSS is in the ON (−60◦)
or OFF (60◦) state.

It is worth noting that the sharp valley here (between
38◦ and 50◦) is caused by the coupling between topo-
logical edge state and the acoustic cavity. In the model
proposed here, the defect unit cell can be regarded as an
acoustic cavity, the coupling of which with the incident
sound wave is of the δ type (relevant theory can be found
in Ref. [39]). When the frequency of the topological edge
state matches the eigenfrequency of the acoustic cavity, the
resonance will confine the sound energy within the cavity,
leading to a sharp decrease in transmittance, as shown in
Fig. 9. Although this mechanism differs from that of the
TSS, it will not affect its application effect.

APPENDIX E: TOPOLOGICAL SOUND
SWITCHES WITH DIFFERENT GEOMETRIES

To further demonstrate the shape independence of the
TSS’s acoustic-wave-control effect proposed here, we

(a)

(b)

(c)

FIG. 10. SPL field distributions when TSS
is in the ON and OFF states, if we replace the
rhombus defect with similar-sized (a) rectan-
gles, (b) ellipses, and (c) irregular shapes.
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(a)

(b)

FIG. 11. Total sound-velocity and energy-flux distribution around TSS when it is in the (a) ON and (b) OFF states.

replaced the rhombus-shaped scatterer with similarly sized
rectangular, elliptical, and irregularly shaped scatterers
and simulated the transmission SPL distribution of a
9.83 - kHz sound signal. As shown in Fig. 10, for these
three differently shaped TSSs, similar to the rhombus-
shaped TSS proposed in the main text, when they are in
the ON state, the sound-wave transmission is almost unaf-
fected, whereas when they are in the OFF state, the sound-
wave transmission is severely suppressed. The simulation
results demonstrate that, as long as the TSS proposed here
maintains a roughly oblong shape, it can exhibit sound-
wave-control effects very close to those of the rhombus
shape, indicating that the switching ability of the TSS is
robust against shape variations.

APPENDIX F: SOUND VELOCITY AND ENERGY
FLUX

To visually explain why the rhombus defect proposed
in the main text can significantly affect the transmission
of sound waves, we simulated the energy flux and speed
of sound when the TSS was in the ON and OFF states, as
shown in Fig. 11. The simulation results show that when
the TSS is in the ON state, the energy flux and speed of
sound of the topological boundary state are hardly affected
by the defect, because the crystal symmetry is not broken.
On the contrary, when the TSS is in the OFF state, the lower
part of the defect forms a mirror symmetry along the verti-
cal direction with the triangular scatterer on the path of the
edge state, thus severely breaking the local crystal symme-
try. As a result, the edge state loses the protection of crystal
symmetry, and the rhombus scatterer defects act like a hard
barrier, reflecting the majority of sound energy back.

This phenomenon demonstrates that the acoustic pseu-
dospin Hall insulator is a fragile topological insulator pro-
tected by crystal symmetry, with less robustness compared
to its electronic counterpart protected by time-reversal
symmetry.
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