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Topological interface state (TIS) of elastic wave has attracted significant research interest due to its potential prospects
in strengthening acoustic energy and enhancing the signal accuracy of damage identification and quantification. However,
previous implementations on the interface modes of surface waves are limited to the non-adjustable frequency band and
unalterable mode width. Here, we demonstrate the tunable TIS and topological resonance state (TRS) of Rayleigh wave
by using a shape memory alloy (SMA) stubbed semi-infinite one-dimensional (1D) solid phononic crystals (PnCs), which
simultaneously possesses the adjustable mode width. The mechanism of tunability stems from the phase transformation of
the SMA between the martensite at low temperature and the austenite at high temperature. The tunable TIS of Rayleigh
wave is realized by combining two bandgap-opened PnCs with different Zak phases. The TRS with adjustable mode
width is achieved in the heterostructures by adding PnCs with Dirac point to the middle of two bandgap-opened PnCs
with different Zak phases, which exhibits the extraordinary robustness in contrast to the ordinary Fabry—Pérot resonance
state. This research provides new possibilities for the highly adjustable Rayleigh wave manipulation and find promising
applications such as tunable energy harvesters, wide-mode filters, and high-sensitivity Rayleigh wave detectors.
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1. Introduction

In recent years, the concepts in topological technologies
such as the quantum Hall effect (QHE),!'! quantum spin Hall
effect (QSHE),?! quantum valley Hall effect (QVHE), ! and
Weyl semimetals,!*>! have opened a new chapter of bosonic
and classical waves with topology as the central principle.
Owing to the topologically nontrivial nature of the underly-
ing bands, the topologically protected edge/interface modes
at domain walls between two crystals with opposite topologi-
cal invariants have been found and exhibit the unique proper-
ties of being immune to backscattering from defects or disor-
ders making them robust against structural perturbations. [*-13]
Such edge/interface modes have shown excellent poten-
tials for many engineering fields including the spintronics

(16

and quantum computation,''®! electromagnetic/acoustic wave

communication,'’~1°1 nondestructive testing, and the design
of modern biomedical devices.?0-?!

For one-dimensional (1D) periodic systems, the topolog-
ical invariant of Bloch bands is the well-known Zak phase,
which was initially proposed to characterize the bands of elec-

(231 The different configu-

tron motions in 1D periodic solids.
rations can be described by different values of the Zak phase,

which is similar to the Su—Schrieffer—Heeger (SSH) model
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of polyacetylene.?*! Since then, this topological description
of Zak phase has been extended into various classical wave
systems such as 1D photonic crystals and phononic crystals
(PnCs), which was successfully used to predict the existence
of topological interface state (TIS). Xiao et al.!*! introduced
the the concept of Zak phase into the 1D periodic acoustic
system, and investigated the band inversion and experimen-
tally confirmed the appearance of the acoustic TIS. Meng et
al.?%) proposed a way of full phase diagrams in the parameter
space to realize the acoustic TIS in arbitrary bandgap. Fan et
al.?") studied the possibility between the Zak phase and local
resonance of two types of scatterers in the acoustic metamate-
rials. Huang et al.!”8! have theoretically explored the TIS of
shear horizontal wave with the Zak phase in the periodic plate
system, in which they demonstrated that the TIS could be re-
sulted from both Bragg scattering and local resonances. Jin et
al.1?%3% demonstrated a kind of asymmetric robust TIS in the
1D PnC beam combining the Fano resonance and symmetry
principle. Meanwhile, due to the main disadvantages of nar-
row working range with the single frequency points for the TIS
in the previous 1D topological PnC systems, a theme of study-
ing tunable TIS to realize the controllable and programmable
wave manipulation has drawn increasing attention. Zhou et
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al.B1=331 proposed a 1D active topological PnCs made of a
homogeneous central epoxy central beam/rod sandwiched by
two piezoelectric beams/rods, in which the tunable TIS could
be realized by adjusting the capacitors of the periodic elec-
tric circuits. Chen et al.®* demonstrated low-frequency tun-
able TIS for longitudinal wave by utilizing soft topological
phononic crystals, in which the tunability is achieved based

on the applied axial force field. Wang et al.3>]

investigated
the topological interface mode in a 1D granular PC composed
of two sub-lattices, which can be tuned by varying the pre-
compression between the spheres. By introducing the intel-
ligent magnetoelastic materials, Feng et al.[*®] demonstrated
magnetically tunable topological interface states for Lamb
waves in 1D PnC slabs. Although all the previous mentioned
works demonstrate the tunability of TIS in the finite thickness
PnC plate/beam system, a tunable TIS for surface acoustic
wave in half-space has not yet been implemented. Different
from the previous studies in tunable topological state by using
the mechanical loading, external electric and magnetic fields,
this work would propose another way to realize the tunability
of TIS based on the shape memory alloy (SMA).[37-42]

SMA, as a special energy transduction material, exhibits
the unique thermal and mechanical behaviors, which was
widely investigated in vibration control of flexible structures
as active actuators.*>*] The mechanism behind the unique
properties is based on the phase transformation between the
martensite at low temperature and the austenite at high tem-
perature for the SMA. The peculiar elastic modulus change
caused by the crystallographic structure evolution would con-
tribute to a controllable microstructure design.!*®! In this pa-
per, by utilizing the SMA based tunable surface wave PnCs,
the adjustable TIS of Rayleigh wave is realized in the 1D pe-
riodic semi-infinite solid system. The underlying mechanism
stems from the unique elastic modulus change of the SMA
material induced by the phase transformation under a temper-
ature load. Significantly, based on the tunable TIS of surface
wave, a novel sandwich-like topological structure is further
designed to realize the topological resonance state (TRS) in
the 1D surface wave system by arranging the 1D PnC with
Dirac point into the middle of two 1D PnCs possessed dif-
ferent Zak phase of bandgap. The obtained TRS of surface
wave possesses the behavior of tailorable mode width that can
well confine the surface wave displacement fields with desir-
able width. This work highlights the two advantages of tun-
ability and mode width degree of freedom for surface wave
TIS, which would find wide engineering applications in in-
telligent technologies needing controllable information pro-
cessing, strengthening surface acoustic energy and topological

channel with tailorable mode confinement.

2. Design of the tunable TIS of surface wave
based on SMA

2.1. Model and design

The model of tunable topological surface wave consid-
ered here is constructed by arranging a periodic array of SMA
surface layer on a soft epoxy substrate as shown in Fig. 1(a).
A unit cell with lattice constant a = 40 mm is outlined by the
red dashed rectangular strip. The surface structure of SMA
is made up of the thin plate attached with semicircular block.
The thicknesses of thin plate is ) = 4 mm and the radius of
semicircular block is R = 13.5 mm. The epoxy substrate is
much larger than that of the SMA surface layer so that it can
be approximately seen as a half-space. The SMA, as one class
of smart materials, possesses the significant phase transfor-
mation phenomenon between martensitic state and austenitic
state under a temperature variation, which provided a conve-
nience for designing the tunable topological interface states.
The material characteristic between low temperature induced
twin martensite phase and high temperature induced austen-
ite phase is considered according to existing literature.[37]
When an internal state variable of the martensitic fraction is
defined as k, the transformation from the current phase kj to
twinned martensite at the low temperature 7 (My < T < M)

can be written by [*8!

- T - M,
K= 2'<0 [cos <anMfS) +1], (1)

where M and My are the starting and finishing temperatures

of transition, respectively. Meanwhile for the high tempera-
ture (As < T < Ay), the the reverse transformation from the
martensitic phase to the austenitic phase can be described by

Ko T — A
K z{cos<nAf_As)+ }, 2

where Ag and A¢ are the transition temperatures of martensite

starting and finishing, respectively. The elastic modulus of
SMA is related to the fraction x of martensite, which can be
expressed by the following expression:

Esma = Ea+ K(Em — En), 3)

where Ea and Eyp are the elastic modulus of fully martensitic
and fully austenitic phases, respectively. It can be obtained
that the elastic modulus of SMA presents a quasilinear rela-
tionship with temperature in the phase transition zone. 434
Here, the material of SMA is chosen as NiTi and the cor-
responding material parameters of fully martensitic and fully
austenitic phases are given in Table 1. The unit cells for
martensite and austenite are displayed in Fig. 1(b), both of
which are defined as type-I with the geometric center lying
on the semicircle block. For the SMA of NiTi, it could be
known that the temperature parameters Mg, My, A, and A

are 295 K, 291 K, 308 K, and 318 K, respectively. 1471 Since
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the transition zone is a little narrow and hard to catch for the
SMA of NiTi, we focus the research effort on demonstrating
the tunable properties of topological surface wave localization
and only the topological surface PnC structures in the fully
martensitic and austenitic state are considered.

(b) E\-l\‘/l/artensite Austenite

Epoxy Epoxy

Fig. 1. (a) Schematics of 1D tunable elastic PnC for surface wave, in
which the shape memory alloys is periodically arranged in the matrix of
epoxy. (b) The structural models of the unit cell in the martensite phase
state and austenitic phase state, respectively.

Table 1. Material parameters.

. Young’s modulus Poisson’s Mass density
Materials K 3
E (GPa) ratio (o) p (kg/m?)
Epoxy 3.1 0.33 1180
Martensite 20 0.35 6000
Austenite 80 0.35 6000

2.2. Tunable topological bandgap of Rayleigh wave

To start with, we consider the band structures of the unit
cell of type-I for the 1D surface wave PnCs. The finite element
method (FEM) is employed to simulate the band structure.
When performing it, the Floquet periodic boundary conditions
are applied to left and right boundaries and the fixed boundary
condition is applied to the bottom boundary. When the radius
of semicircular block is R = 13.5 mm, the band structures of
the Rayleigh wave PnCs in different material phase states are
shown in Fig. 2. The shaded black dots present the bulk wave,
and the marked red and blue dots presents the Rayleigh wave
bands. The Rayleigh wave could be distinguished by energy
distribution of each eigenmode. Figure 2(a) denotes the band
structure of the unit cell in the martensite phase state, whereas
figure 2(b) denotes the dispersion relation of the unit cell in
the austenite phase state. It can be seen that the bandgaps
of Rayleigh wave are formed in both cases. The band struc-
ture of Rayleigh wave in full martensite state with a lower
elastic modulus formed a bandgap appearing from 6.5 kHz to
7.25 kHz. However, when the SMA of NiTi is transformed to
the full austenite with a larger elastic modulus, the bandgap
shifted upwards to a higher frequency range from 7.33 kHz
to 8.715 kHz. Such an obvious shift on the frequency range
indicates the tunable property of the bandgap in the proposed
SMA surface wave PnCs, which also reveals that it is feasi-
ble to adaptively control the Rayleigh waves using the SMA
designs by adjusting the thermal loads on the phase changing
element.

v
—Max +Max

Frequency (kHz)

v
(b) 7Max +Max

Frequency (kHz)

0 <

Fig. 2. (a) Band structure and geometrical topological phase of
Rayleigh waves of the unit cell in the martensite phase state where the
frequency range of the first topological band gap is 6.5 kHz—7.25 kHz.
(b) Band structure and geometrical topological phase of Rayleigh waves
of the unit cell in the austenite phase state where the frequency range of
the first topological band gap is 7.33 kHz—8.715 kHz.

To investigate the topological property of the bandgap, we
extend the concept of the Zak phase to surface wave systems.
As a special type of topological invariant defined for 1D peri-
odic systems, the Zak phase characterizes the topology of the
Bloch bands. For the Rayleigh wave, the Zak phase for the

n-th isolated pass band can be defined as"!

n‘k%//( nkak it

.0
+ U3t akUzmk)) dS] dk, )

ezak —

in which A(k) = [/ (U; Ly Utnk) +U. (nk)U2(nk))dS Mean-
while, Uy, ) and Uy, x) represent the periodic-in-cell part of
displacement along x and y directions, respectively. As the
unit cell possesses inversion symmetry with respect to its cen-
tral cross-sectional plane, the geometric Zak phase can only
take two values: either O or . Another simple way to obtain
the Zak phase of an isolated pass band by measuring the sym-
metry of the band edge states with the FEM. If the symmetry
of both the band edge mode at k = 0 and k = 7 /a are same, the
Zak phase of the band is 0; and if the symmetry of the two band
edge modes are different, the Zak phase of the band is 7.1?8! In
the right panels of Figs. 2(a) and 2(b), the displacement field
of the Rayleigh wave at k = 7/a are displayed. They are odd
symmetric for the first pass band and that are even symmetric
for second pass band. Since the symmetry of first surface wave
pass band at k = 0 is even, both of the martensite’s and austen-
ite’s Zak phases of the first pass band for type-I unit cell are 7.
Therefore, the Zak phases of the bandgaps for the martensite
and austenite states are both 7 as shown in Fig. 2.
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Fig. 3. (a) The eigenfrequency of eigenstates bounding the first band gap at the boundary of the Brillouin zone with the change of the geometric
parameter R for the martensite phase state. (b) The band structure in case of Dirac point for the martensite phase state when geometric parameter
R =10.85 mm. (c) When the inversion center of unit cell is moved by a/2, the unit cell is defined as type-II and its band structure and geometrical
topological phase of Rayleigh waves in the martensite phase state are displayed.
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Fig. 4. (a) The eigenfrequency of eigenstates bounding the first band gap at the boundary of the Brillouin zone with the change of the geometric parameter
R for the austenite phase state. (b) The band structure in case of Dirac point for the austenite phase state when geometric parameter R = 10.55 mm.
(c) When the inversion center of unit cell is moved by a/2, this unit cell of austenite phase state is defined as type-1I and its band structure and geometrical

topological phase of Rayleigh waves are displayed.

Furthermore, to see the influence of filling factor on the
topological properties of band gap, the two eigenfrequencys of
surface wave changing with the radius R of semicircular block
at the k = 7r/a are demonstrated. Figure 3(a) shows the contin-
uous evolution of the band-edge frequencies of surface wave
at k = 7 /a as a function of the parameter R when the SMA of
NiTi is transformed to the full martensite. It can be seen that
the band gap gradually closes and reopens through the critical
point of R = 10.85 mm when the R ranges from 2.5 mm to
17.5 mm. Moreover, when R is 10.85 mm, the Dirac point of
surface wave is formed at 7.543 kHz as shown in Fig. 3(b). At
this case, the unit cell with Dirac point is defined as type-III.
When R is less the 10.85 mm, the Zak phase of the band gap
for the martensite is 0. And when R is more than 10.85 mm,
the Zak phase of the band gap for the martensite is 7. Ob-
viously, there is no common region of bandgap with distinct
Zak phase. To obtain the common topological bandgap, an-
other kind of unit cell with a difference of half a lattice con-
stant is built and defined as type-II as shown in the left panel
of Fig. 3(c). Seeing from Fig. 3(c), the unit cell of type-II has
the same band range as that of type-I, but they have the obvi-
ous bandgap with different Zak phases, indicating the distinct
topological properties.

When the SMA of NiTi is transformed to the full austenite
with a larger elastic modulus, the band structure and topolog-
ical properties of the bandgaps for the unit cell of type-III and
type-II are displayed in Fig. 4. Compared with the martensite

phase state, the Dirac frequency of surface wave in austenite
phase state for critical point with R = 10.55 mm increases to
8.553 kHz as shown in Figs. 4(a) and 4(b); and the topological
bandgap shifts upwards to a higher frequency range as shown
in Fig. 4(c).

2.3. Tunable TIS of Rayleigh wave

According to the topological properties of the surface
wave bands, the Zak phases could be employed to determine
the existence of the interface states located at the boundary
between different structures in a common band gap.!*>! Fig-
ure 5 illustrates the numerical model to calculate the tunable
TIS of the surface wave, which is constructed by ten type-I
unit cells possessed the Zak phase 7 of bandgap and ten type-
IT unit cells possessed the Zak phase 0 of bandgap to form
the topological interface. The perfect matching layers (PML)
are implemented on both ends and the low reflection bound-
ary condition is added on the bottom to avoid the unnecessary
reflections. The red dot located at the left side highlights the
excited point source which is carried out by prescribing a dis-
placement along y direction. And the red dot located at the
right side highlights the received point to obtain the output
signal. Besides, the transmission coefficient is defined as the
ratio S = 2010g o (|uy[(out) / |ty |(in)) Where |uy[(ou) is the abso-
lute value of displacement component u,, at the received point
and |uy|(in) is the absolute value of displacement component

uy at the input point. (50,511
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boundary condition
Fig. 5. The numerical model step to calculate the TIS of the topological
Rayleigh waves, which are the composite structures I|II made up of the
type-I and type-II PnCs when the SMA scatterers are in the martensite
phase state and austenite phase state, respectively.

To demonstrate the tuning effect of the TIS for the surface
wave, the transmission coefficients and displacement field dis-
tributions for the martensite phase state and austenite phase
state are calculated as shown in Fig. 6. To standing out the
transport property of the surface wave TIS, we perform the
simulations for two kinds of the different models that one has
the topological interface with combined I-II structure and the
other is periodically arranged single I structure. Figures 6(a)
and 6(d) display the transmission spectra of the two kinds of

structures for the martensite phase state and austenite phase
state, respectively. From the results, the sharp transmission
peaks are clearly observed for the I-II structures in the com-
mon band gap, which are the TIS and both marked by the red
arrows. However, for the martensite phase state, the frequency
of the TIS is located at f ~ 6.59 kHz. And for the austenite
phase state with the high temperature condition, the frequency
of the TIS is located at f ~ 7.55 kHz. Performing the com-
parison between the frequency range of the transmission spec-
tra in Figs. 6(a) and 6(d), a wonderful adjustable property of
TIS for the proposed tunable topological surface wave PnCs.
Meanwhile, figures 6(b) and 6(e) show the displacement field
distributions of the surface wave TIS at the intermediate inter-
face of I-II for the martensite phase state and austenite phase
state, respectively. It can be seen that the surface wave dis-
placement field distributions of the TIS are well confined at
the interface, which exhibits a great potential for the capture
of the surface acoustic wave energy. For a comparison, fig-
ures 6(c) and 6(f) also give the displacement field for the pe-
riodically arranged single type-I unit cell structure at the same
frequency, in which we can see that there is no TIS due to the
existence of the bandgap.

(a) ©

l Interface state

—10

—20

—-30

Transmission (dB)

—40

6.0 6.3 6.6 6.9 7.2
Frequency (kHz)

¢ Interface state

Transmission (dB)

|
S
=)

|
Sy
=)

7.0 7.5 8.0 8.5
Frequency (kHz)

A
O Max

Fig. 6. (a) The calculated the transmission spectra of TIS for the composite PnCs structures I|II and single PnCs I when the SMA scatterers are in
the martensite phase state. (b)—(c) The displacement field distribution of the interface state in the martensitic state for composite structures I|II and
single PnCs I, respectively. (d) The calculated the transmission spectra of TIS for the composite PnCs structures I| II and single PnCs I when the
SMA scatterers are in the austenitic phase state. (e)—(f) The displacement field distribution of the interface state in the austenitic state for composite

structures I|IT and single PnCs I, respectively.
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Fig. 7. (a)—(b) Eigenfrequency spectra of the surface wave PnCs for the martensite phase state and austenite phase state, respectively. (c)—
(d) Eigenmodes profiles of the TIS when the defect is introduced in horizontal direction at the topological interface for the martensite phase
state and austenite phase state, respectively. (e)—(f) Eigenmodes profiles of the TIS when the defect is introduced the vertical direction at the
topological interface for the martensite phase state and austenite phase state, respectively.

The robustness against defects is the hallmark physical
property of the topological states. Next, we further confirm the
robustness of the TIS in the 1D surface wave PnCs as shown in
Fig. 7. Firstly, we calculate the eigenfrequency spectrum for
the topological structure without defects as shown in Figs. 7(a)
and 7(b), whose results are in agreement with transmissions in
Figs. 6(a) and 6(d). Then, we deliberately introduce the de-
fects in horizontal direction by moving a small and random
distance of 0.2a of the scatterer at the topological interface.
The results are displayed in Figs. 7(c) and 7(d) for the marten-
site phase state and austenite phase state, respectively. The red
dots presenting the positions of the TIS still keeps, indicating
the robustness of the TIS when the random defects are intro-
duced. Finally, a random defect is introduced along the verti-
cal direction by increasing the radius of one scatterer to 1.2r
at the interface to verify the robustness, and the eigenmodes
profiles of the TIS as shown in Figs. 7(e) and 7(f).

3. Design of tunable TRS of Rayleigh wave with
adjustable mode width

Inspired by the valley-lock waveguides with variable
mode width in two-dimensional topological acosutic and pho-
tonic system,>>4 we further extends the similar strategy to
the 1D tunable topological surface wave to realize the tun-
able TRS of Rayleigh wave with adjustable mode width based
on the concept of Zak phase instead of the topological val-
ley Chern number.®?] The designed structure of surface wave
TRS is shown in Fig. 8. By combining with two distinct 1D
topological PnC I possessed Zak phase 7 of bandgap and PnC
IIT possessed the Zak phase 0 of bandgap and the PnC III with
Dirac point, we construct a sandwich-like structure I|IIIy|IL, in
which N represents the number of layers in type-III PnCs do-
main. The perfect matching layers (PML) are implemented on
both ends and the low reflection boundary condition is added
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on the bottom to avoid the unnecessary reflections. Simi-
larly, the red dot located at the left side highlights the excited
point source which is carried out by prescribing a displace-
ment along y direction. And another red dot located at the right
side highlights the received point to obtain the output signal.
Next, we perform the numerical simulations for the
sandwich-like structure I|TIIy|II to calculate the transmission
spectra and displacement field distributions when the SMA
material is being of the martensite phase state and austen-
ite phase state, respectively. Figure 9 shows the obtained re-
sults for the full martensite phase state at the low temperature.
When the layer number N of type-III PnCs is set 2, the trans-
mission spectrum of the sandwich-like structure is shown in
Fig. 9(a). It can be seen that a transmission peak occurs at the
frequency of 6.82 kHz. The corresponding displacement field
distribution of surface wave is shown in Fig. 9(d), in which
the the surface wave energy is well confined in the domain III
but prohibited in the domains I and II. This confining charac-
teristic indicates that it is feasible to increase the mode width
by arranging the 1D PnC with Dirac point into the middle of
two 1D PnCs possessed different Zak phases of bandgap. To
further illustrate this confining property, we increase the layer
number N to 4 and 6. Figures 9(b) and 9(c) show the transmis-
sion spectra at N = 4 and N = 6, respectively. The TRS are
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located at the 7.05 kHz and 7.12 kHz. The corresponding dis-
placement field distributions of surface waves are displayed in
Figs. 9(e) and 9(f), respectively. It is obvious that the displace-
ment field distributions are concentrated in the entire domain
IIT and decays into domains I and II. Moreover, with the in-
creasing of the layer number N, the frequencies of the TRS
increase gradually. The above results indicate that the TRS of
Rayleigh wave with adjustable mode width can be achieved by

varying the layer number of the PnCs with Dirac point.
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Fig. 8. The numerical model step to calculate the TRS of the topological
Rayleigh waves, which are the sandwich-like structures I|IILy|II made
up of the type-I, type-III, and type-II PnCs when the SMA scatterers are
in the martensite phase state and austenite phase state, respectively.

I|ITI5|11

I|I11411

5
Max

Fig. 9. The The calculated the transmission spectra of TRS for the sandwich structure I|IIy|II for the cases of (a) N =2, (b) N =4, and
(c) N = 6, respectively, when the SMA scatterers of PnCs are in the martensite phase state. The corresponding displacement field distributions
of TRS for N =2, 4, and 6 are displayed in panels (d), (e), and (f), respectively.

To demonstrate the tuning effect of the TRS for the
Rayleigh wave with tailorable mode width, we further study
the transmissions and field distributions at the high tempera-

ture when the SMA material is being of full austenite phase

state as shown in Fig. 10. The calculated transmission spec-
tra of the sandwich-like structure I|IILy|II for N = 2, 4, and
6 are displayed in Figs. 10(a), 10(b), and 10(c), respectively.
The corresponding TRS of the Rayleigh wave for N = 2, 4,
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and 6 are located at frequency of 7.8 kHz, 7.99 kHz, and
8.11 kHz, which exhibits an upward trend with the number
of layers. Figures 10(d), 10(e), and 10(f) show the displace-
ment field distributions of the austenite phase for the layer
number N = 2, 4, and 6, respectively, which also reflects a
adjustable capacity of concentrating the surface wave energy.
Compared with results from the case of the martensite phase
state as shown in Fig. 9, the frequency of TRS from the the
case of the austenite phase state as shown in Fig. 10 has an ap-

0

Topological resonance
state

—20+

Transmission (dB)

Topological resonance
state

Transmission (dB)

8.5 9.0

n Topological resona
'% r (C) Stoalzg ogical resonance
g —20F
o
£ —40r
7]
=]
@
& —60 ) I P B I )
7.0 7.5 8.0 8.5 9.0

Frequency (kHz)

preciable leap upward, which clearly embodies the tunable ca-
pability in the proposed surface wave PnCs by using the SMA
material. Meanwhile, we note that the investigated TRS is
different from the ordinary Fabry—Pérot (FP) resonance state.
Unlike the FP cavity mode sensitive to defects,!>! the TRS
in the topological system exhibits the robustness against the
perturbations (see the supporting information). The presented
investigations may pave the way for adaptive manipulation of
the topological surface sensing and communications.

(d

1111, |11

T|I114]I1

T|1114/11

Abs (v)--
O .

Max

Fig. 10. The calculated the transmission spectrum of TRS for the sandwich structure I|IILy |II for the cases of (a) N =2, (b) N =4, and (c) N =6,
respectively, when the SMA scatterers of PnCs are being of the austenite phase state. The corresponding displacement field distributions of
TRS for N =2, 4, and 6 are displayed in panels (d), (e), and (f), respectively.
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Fig. 11. (a) The evolution of the frequency for the TRS versus different temperature fields. (b) The evolution of the frequency for the TIS

versus different temperature fields.

Lastly, to intuitively reflect the effects of layer number
N and temperature 7 on the topological states, the frequency
curves of the TRS corresponding to different layer number
N with Dirac points and that of TIS corresponding to differ-
ent temperature 7' are calculated as illustrated in Figs. 11(a)
and 11(b), respectively. It can be seen that the layer number

N with Dirac points not only confines the wave at a broader
area but also shifts the frequency of TRS to higher positions.
Meanwhile, from Fig. 11(b), it also can be seen that with
increasing the temperature from 308 K to 318 K, the fully
martensitic phase is gradually transited into the fully austenitic

phases and the elastic modulus is gradually increased, which
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leads to the increasing the frequency of the TIS. The results
in Fig. 11 shows a flexible and adjustable ways for the manip-
ulation of the topological surface wave. Besides, we have to
refer to the experimental means to confirm the TIS and TRS
for the Rayleigh surface wave. For the real experiment test,
the sample can be fabricated by the LIGA-like technique®'-#]
and mechanical machining. Two IDTs, act as surface acoustic
waves emitter and receiver, respectively, are prepared on both
sides and used to excited the surface acoustic waves and detect
the transmission spectra. Moreover, a laser vibrometer imaged
the out-of-plane displacement of the excited TIS, confirming
the surface acoustic wave do strongly localized in the whole
doping area, together with uniform phases. After the surface
acoustic waves passed through the interfaces, they were cap-
tured by the receiver IDTs and read out by a vector network
analyzer.>>) Combined the test on the transmittance and the
displacement fields, the experiment test would be well carried
out at the next research stage.

4. Conclusion

In this paper, an SMA-based tunable 1D surface wave
PnCs with adjustable topological bandgap to obtain the TIS
of Rayleigh wave has been proposed. The underlying mech-
anism originates from the unique elastic modulus change of
the SMA material induced by the phase transformation under
a temperature load. Significantly, based on the tunable TIS of
Rayleigh wave, we have further designed a novel sandwich-
like topological structure to realize the TRS with adjustable
mode width in the 1D surface wave system by arranging the
1D PnC with Dirac point into the middle of two 1D PnCs
possessed different Zak phases of bandgap. Compared with
the interface hosting the TIS in previous literatures, our pro-
posed sandwich-like structures hosting TRS are more flexi-
ble and controllable for interfacing with existing devices and
applications due to the superiority of being simultaneously
equipped with the tunable frequency-band range and the ad-
justable mode width. In a word, based on the phase transfor-
mation temperature of SMA in surface wave topological PnCs
system, our work offers a new route for designing actively con-
trollable topological surface sensing devices.
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