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Electro-optically tunable
acoustic switch based on
piezoelectric superlattices

Zhenghua Tang*, Dajun Lei, Jianquan Huang and Yaqi Chen

Microelectronics and Optoelectronics Technology Key Laboratory of Hunan Higher Education,
School of Physics and Electronic Electrical Engineering, Xiangnan University, Chenzhou, China

We propose a novel acoustic switch based on piezoelectric superlattices that
is tunable by an external direct-current electric field. Our design harnesses
the intrinsic coupling between acoustic waves and the oscillations of electric
dipole moments within piezoelectric domains, which concurrently generate
electromagnetic waves. The periodicmodulation of the piezoelectric coefficient
folds the phonon dispersion, leading to the intersection and hybridization with
the electromagnetic dispersion branch and thereby opening a polaritonic band
gap that governs acoustic wave propagation. Numerical simulations reveal that
the absolute bandwidth of the first band gap near 10 GHz increases continuously
from 0.003 GHz to 0.9 GHz as the electric field is raised from 0 V/m to 1.343
× 106 V/m. Compared with previous acoustic switches, which rely on phase
transformations, nonlinear deformations, or radiation pressure, the proposed
device operates at much higher frequencies, features continuous and reversible
tunability via the electro-optic effect, and benefits from a compact design.
Moreover, the observed consistency between the band gaps for acoustic and
electromagnetic waves confirms the dual control capability of the switch. These
features make the proposed acoustic switch promising for high-frequency
acoustic modulation and integrated microwave filtering applications.

KEYWORDS

piezoelectric superlattices, acoustic switch, electro-optic effect, tunability, transfer
matrix method

1 Introduction

Acoustic switches, which selectively inhibit the propagation of acoustic waves within
specific frequency ranges, have attracted considerable attention in communication and
signal processing. Early implementations have relied on specially designed structures such
as phononic metamaterials [1–4], topological Maxwell lattices [5, 6], phonon crystals
[7–10], multi-layer 2D materials [11], phonon waveguides [12, 13], circular cavities [14],
laser-controlled semiconductors [15], acoustic diodes [16–19], MEMS switches [20] and
chemical switches [21]. In these systems, phonon band gaps typically emerge due to strong
Bragg scattering at the boundaries of the Brillouin zone. However, most conventional
approaches lack continuous and reversible tunability, a critical requirement for advanced
dynamic modulation.

For example, the transmission of acoustic energy in an acoustic diode is regulated by
radiation pressure effects [16]. A tunable phononic crystal plate with Y-shaped prisms is
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designed to support valley transport of elastic waves. Rotating the
prisms breaks mirror symmetry and creates a new bandgap [22].
Similarly, studies on prestress effects in dispersion diagrams have
demonstrated that the bandwidth of a specific band gap can be
expanded or contracted via inertial amplification mechanisms [23].
In a planar resonator-based phononic metamaterial [1], tuning
the uniform prestress transforms the phonon dispersion from a
phonon-like to an optical-like character.Moreover, phase transitions
within phononic crystals [8] affect both the location andwidth of the
band gap, and nonreciprocal transmission inMaxwell lattices [5] can
be switched by inducing topological phase transitions.

Other techniques further expand the range of tunable acoustic
control strategies. For instance, local symmetry breaking in
metamaterials can be exploited to create switchable topological
phonon channels [24], while the geometric nonlinearity of an arch
beam enables dynamic modulation of acoustic properties [12].
Additionally, the dynamical characteristics of graphene bilayers
can be adjusted by varying the twist angle in magneto-mechanical
multilayers [11], offering another avenue for acoustic manipulation.
Recent studies have underscored the potential of piezoelectric
materials for actively controlling acoustic propagation [25]. In
particular, piezoelectric superlattices have been shown to generate
polaritonic band gaps through the coupling of lattice vibrations
and electromagnetic waves [26–28]. Prior studies on tunable
devices primarily focused on optical or terahertz regimes. For
instance [29], achieved high transmittance and Faraday rotation in
magneto-photonic crystals, while [30] utilized graphene-polymer
heterostructures for multi-channel filtering. In contrast, our work
pioneers the integration of piezoelectric and electro-optic effects for
GHz acoustic switching.

In this work, we design an acoustic switch based on piezoelectric
superlattices wherein an applied DC electric field modulates
the band structure. The key mechanism is that the inherent
inversion symmetry breaking in piezoelectric materials generates
electric dipole moments. When an acoustic wave impinges
perpendicularly on the surface of the superlattice, it induces
relative oscillations in these dipole moments. These oscillations
give rise to alternating electromagnetic fields and, consequently,
electromagnetic waves. Concurrently, the periodic modulation of
the piezoelectric coefficient folds the phonon dispersion branch;
the subsequent intersection and hybridization with the photon
dispersion branch open up a band gap that forms the basis for
acoustic switching. This dual-control mechanism, which has been
hinted at in recent studies [31], forms the operational foundation of
our device.

The acoustic switch is realized by employing piezoelectric
superlattices with electrical polarization along the z-axis and
an externally applied electric field in the same direction, as
illustrated in Figure 1. Three key aspects of the acoustic switch are
emphasized: (1)When an acoustic wave interacts with the structure,
it excites electromagnetic waves due to dipole moment oscillations.
(2)The resulting band gaps regulate the propagation of both acoustic
and electromagnetic waves simultaneously. (3) The band gap width
can be continuously and reversibly adjusted by varying the applied
electric field via the electro-optic effect.

The remainder of this paper is organized as follows. In Section 2,
we describe the theoretical configuration of the acoustic switch
and presents the fundamental dynamic equations that govern

its behavior. In Section 3, we present a numerical analysis of
the transmission spectra for both acoustic and electromagnetic
waves under various external electric fields, computed via the
transfer matrix method, and provide a detailed discussion of the
results. Finally, Section 4 concludes the paper with a summary of our
findings and an outlook on potential future research directions.

2 The theoretical configuration and
dynamical equations

As shown in Figure 1, the proposed acoustic switch is
constructed using a one-dimensional array of piezoelectric
superlattice units. Each unit cell consists of two piezoelectric
domains with opposite polarizations along the z-axis. The domain
thicknessLP+ = LP− = 1.38μm is optimized to support acousticwaves
in the GHz range.The periodic arrangement of these unit cells along
the x-axis forms the superlattice. An external DC electric field is
applied along the z-axis to exploit the electro-optic effect, thereby
tuning the band gap. A ferroelectric PZT compound is chosen
because of its well-characterized material parameters [32], large
electro-optic effect [33], and high coercive field [34].

When an acoustic wave impinges on the piezoelectric
superlattice, it exertsmechanical stress on the piezoelectric domains.
Due to the lack of inversion symmetry, this stress alters the local
electric dipole moments, which in turn generates an alternating
electromagnetic field that couples back to the mechanical lattice
vibrations.

In this configuration, the longitudinal lattice displacement
ux(x, t), the transverse electric field Ez(x, t), and the transverse
magnetic field Hy(x, t) are all nonzero. This interaction is described
by a set of coupled equations [35]: the lattice vibration equation and
Maxwell’s equations, expressed as

( ωL
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)Ez(x,ω) = iα1

∂
∂x

Hy(x,ω) + β1(
ωL
2πcs
)θ(x) ∂
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Here, Ez(x,ω) = d31Ez(x,ω), Hy(x,ω) = √μ0/K11Hy(x,ω) and
ux(x,ω) = 2πux(x,ω)/L are the dimensionless electric field along the
z-axis, the dimensionless magnetic field along the y-axis, and the
dimensionless lattice displacement along the x-axis, respectively.
d31(x) is the reduced piezoelectric coefficient and x = 2πx/L is
a dimensionless function. ϵ = ϵ33 −∆ϵ33 − γ33ϵ

2
33E

0
z is the reduced

dielectric constant. ϵ33 is the relative dielectric constant and ∆ϵ33 =
(dKdT)

33
/ϵ0 is the correction of dielectric constant. K is the

symmetrical bulk modulus tensor and γ33 denotes the electro-
optic coefficient. Another correction to the dielectric constant, due
to the electro-optic effect, is expressed by γ33ϵ

2
33E

0
z . E0

z represents
the DC electric field along the z-axis. The domain polarization
along ± z-axis are regulated by θ(x) = ± 1. The acoustic velocity
in the piezoelectric domain is given by cs = √K11/ρ, where ρ is
the mass density and ω = ωL/2πcs represents the dimensionless
frequency. ω denotes the angular frequency of an incident acoustic
wave and ϵ0 is the dielectric constant of vacuum. The parameters
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FIGURE 1
Schematic diagram of the acoustic switch based on piezoelectric superlattices with an external DC electric field along the z-axis. (a) Overall schematic
of the acoustic switch and (b) illustration of the unit cell of the structure. The piezoelectric domains polarized along the ± z-axis are depicted as blue
and gray blocks, respectively, while acoustic waves propagate along the x-axis. The domain thicknesses are set as LP+ = LP− = 1.38μm.

α1 = d31/ϵ0ϵcs√μ0/K11 and α2 = 1/d31cs√μ0K11 define the coupling
between the electromagnetic fields and the lattice, reflecting the
interaction strength between lattice vibrations and the electric field.
Finally, the electromechanical coefficient β1 = K11d

2
31/ϵ0ϵ governs the

conversion between mechanical and electromagnetic energy.
The formation of the tunable band gap in our acoustic switch

is based on three fundamental steps: (1) When an acoustic wave
is incident on the structure, it exerts stress on the piezoelectric
domains, causing them to vibrate and deform. Since piezoelectric
materials lack inversion symmetry, the misalignment of positive
and negative charge centers leads to the formation of electric
dipole moments. The deformation changes both the magnitude and
direction of these dipole moments, thereby exciting an alternating
electromagnetic field. This deformation excites an alternating
electromagnetic field, a phenomenon well documented in recent
experimental studies [36]. (2) The periodic modulation of the
piezoelectric coefficient in the superlattice leads to a folding of
the phonon dispersion curve, effectively bringing the phonon and
photon dispersion branches into proximity [26]. (3) The folded
phonon branch intersects and hybridizes with the electromagnetic
dispersion branch, opening a band gap that controls the propagation
of both elastic and electromagnetic waves.

Consequently, the dynamic properties of the structure can be
fully described by the coupled Maxwell’s equations and lattice
vibration equations. By solving Equations 1–3 in a uniform
piezoelectric domain, two pairs of eigensolutions are obtained—one
pair representing the acoustic mode and the other pair representing
the electromagnetic mode. A general solution can be formed as
a linear combination of these eigensolutions. Using the continuity
conditions for the transverse electric field, magnetic field, stress,
and lattice displacement at the interfaces between piezoelectric
domains, the fundamental properties of the piezoelectric domains
can be encapsulated in a matrix M(L±,ω) [27]. For a piezoelectric
superlattice with N periods, the overall transfer matrix is given by

M = [M(L+,ω)M(L−,ω)]
N. (4)

For the theoretical configuration shown in Figure 1, when
acoustic waves are incident on the structure, both acoustic waves

and electromagnetic waves are emitted from the opposite end. The
transmitted amplitudes of acoustic and electromagnetic waves are
represented by taa and tap, respectively, expressed in terms of the
matrix elements Mij. The corresponding reflection amplitudes, raa
and rap, are given by:

taa = 2[(M11 + fpM13) + f−1p (M31 + fpM33)]/δ1, (5)

tap = −2[(M12 + faM14) + f
−1
p (M32 + faM34)]/δ1, (6)

rap = [(M11 + fpM13) + f−1p (M31 + fpM33)][(M12 + faM14)

− f−1p (M32 + faM34)]‐[(M12 + faM14) + f−1p (M32 + faM34)]

×[(M11 + fpM13) − f−1p (M31 + fpM33)]/δ1, (7)

raa = [(M11 + fpM13) + f−1p (M31 + fpM33)][(M22 + faM24)

− f−1a (M42 + faM44)] ‐[(M12 + faM14) + f−1p (M32 + faM34)]

×[(M11 + fpM13) − f−1p (M31 + fpM33)]/δ1, (8)

δ1 = [(M11 + fpM13) + f−1p (M31 + fpM33)][(M22 + faM24)]

+ f−1a (M42 + faM44) − [(M12 + faM14) + f−1p (M32 + faM34)]

×[(M21 + fpM23) + f
−1
a (M41 + fpM43)]. (9)

and the parameters fa = icsω/c
0
s and fp = icsω/c. c

0
s denotes the sound

speed in air.

3 Numerical results and discussion

In this work, the ferroelectric compound PZT is selected
as the candidate material for constructing the acoustic switch
because its complete material parameters are available and it
exhibits a significant electro-optic effect. By substituting thematerial
parameters of PZT into Equations 1–3 [32], the dimensionless
coefficients are computed as α1 = 110.95, α2 = 7.28× 109, and
β1 = 0.004. These calculations reveal that, in the absence of an
external DC field, the electromechanical coefficient is very small.
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FIGURE 2
Transmission coefficients of acoustic waves for different numbers of periods: (a) four periods, (b) 16 periods, (c) 256 periods, (d) 16,384 periods,
corresponding to the acoustic switch configuration shown in Figure 1 at E0z = 0. The domain thicknesses are identical to those in Figure 1.

The chosen domain thickness LP+ = LP− = 1.38μm is optimized to
modulate acoustic waves with frequencies in the GHz range. Our
simulation setup employs the transfer matrix method to compute
the transmission spectra.

With reference to Equations 5–9, the superlattice transmission
coefficients are obtained by successively multiplying the
transmission matrices of each homogeneous layer, while enforcing
stress continuity at the interfaces between the layers and the
surrounding air. Figure 2 illustrates these transmission coefficients
as a function of frequency for different numbers of periods.

In a piezoelectric superlattice, the coupling between the
mechanical vibrations (phonons) and the electromagnetic waves
(photons) gives rise to polaritons. With only a few periods,
the interaction between these modes is present but not fully
developed. As a result, the transmission spectrum shows broader
resonances with less pronounced polaritonic features. The limited
number of interfaces offers only a weak opportunity for the
phonon and photon branches to interact, so the hybridization that
leads to the formation of a polariton band gap is not yet fully
established.

As the number of periods increases, the repeated structure
significantly enhances the coupling between the phononic and
photonic modes. This stronger interaction results in more robust
hybridization and the emergence of a well-defined polariton band
gap. In this regime, the energy separation between the hybridized
modes becomes more distinct, and the band gap edges sharpen due
to the cumulative effect of many periodic interfaces. This leads to a
significant suppression of transmission within the gap, as the mixed
modes no longer propagate efficiently.

Outside the polariton band gap, the transmission spectra
display passbands where energy is transmitted. With more periods,
these passbands evolve to exhibit narrower resonance peaks.
This indicates the presence of high-quality polariton modes, in
which energy is confined and the group velocity is significantly
reduced near the band edges. The increasing number of periods
enhances mode selectivity. Only specific polaritonic states can
constructively interfere and propagate, resulting in sharply defined
transmission peaks.

Figures 2A–C clearly show that no stable band gap is present,
primarily because the limited number of periods does not
allow for sufficient cumulative coupling between the phonon
and photon modes to establish a well-defined polariton band
gap. However, Figure 2D reveals a band gap at ω = 10 GHz. When
the frequency of the incident acoustic wave falls within this gap,
the propagation of the acoustic wave in this structure is effectively
suppressed. Since this band gap governs the flow of phonons, the
piezoelectric superlattice can be exploited to construct an acoustic
switch. It is important to note that without an external electric field,
the small electromechanical coefficient renders the band gap less
distinct, thereby limiting the switch’s functionality.

To expand the operational range of the acoustic switch, it is
essential to develop a method for adjusting the band gap width.
Applying an electric field along the z-axis to the piezoelectric
superlattice enables the band gap to be tuned freely. The underlying
mechanism is as follows: an applied electric field alters the dielectric
constant of the piezoelectric domains via the electro-optic effect.
This change, in turn, modifies the electromechanical coefficient,
leading to variations in the band gap. Consequently, an external
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FIGURE 3
Transmission spectra of acoustic waves at various DC electric fields for an acoustic switch comprising 65,536 periods: (a) 0 V/m, (b) 1.248× 106 V/m, (c)
1.306× 106 V/m, (d) 1.335× 106 V/m and (e) 1.342× 106 V/m. The domain thicknesses are the same as those in Figure 1.

electric field can transition the device between passband and
forbidden band states. Transmission coefficients for a structure with
65,536 periods are calculated and presented in Figures 3A–E.

As the external DC field increases (from 0 V/m to 1.342×
106 V/m), the band gaps around 10 GHz and 30 GHz widen
significantly. In the vicinity of these frequencies, an originally
passable band transforms into a forbidden band as the electric
field increases. For the first band gap, its absolute width increases
progressively from 0.003 GHz, 0.23 GHz, 0.37 GHz, and 0.53 GHz
up to 0.9 GHz as the electric field is ramped up. Figure 4 illustrates
the evolution of the absolute bandgap bandwidth as a function
of the applied DC electric field. These expanded forbidden bands
effectively block the propagation of acoustic waves.

Considering practical implementation, based on our numerical
simulations, the tunable band gap near 10 GHz is achieved by
applying a DC electric field from 0 V/m up to 1.342× 106 V/m,
which widens the first band gap continuously from 0.003 GHz to
0.9 GHz. The acoustic excitation in the PZT material corresponds
to a power density below 1 W/cm2 [37], ensuring operation in
the linear regime. In reality, to avoid domain switching, the
applied electric field should remain below the coercive field of 6 ×
106 V/m for PZT [38].

To illustrate the relationship between the band gap and the
applied electric field more clearly, the transmission spectra for
acoustic waves around 30 GHz are enlarged and replotted in
Figure 5. Figure 5A shows that, in the absence of an external electric
field, the band gap is very narrow. As the field increases, the left
band edge remains nearly fixed while the right band edge shifts
from 30.002 GHz to 30.86 GHz, causing the absolute bandwidth to
expand from 0.002 GHz to 0.86 GHz. This result confirms that the

FIGURE 4
The evolution of the absolute bandwidth under an applied DC electric
field is investigated using domain thicknesses identical to those shown
in Figure 1, and with the number of periods in the entire structure
matching that in Figure 3.

forbidden band controlling the phonon flow can be tuned freely
via the electro-optic effect, rendering the acoustic switch highly
adaptable.

When acoustic waves impinge on the piezoelectric superlattice,
both acoustic and electromagnetic waves are generated. By
combining the transfer matrix from Equation 4 with the
transmission coefficient for electromagnetic waves from Equation 6,
the transmission coefficient for electromagnetic waves under
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FIGURE 5
Transmission spectra of acoustic waves in the frequency range ω = 2.8–3.2 GHz for different DC electric field, for an acoustic switch with 65,536
periods: (a) 0 V/m, (b) 1.248× 106 V/m, (c) 1.306× 106 V/m, (d) 1.335× 106 V/m and (e) 1.342× 106 V/m. The domain thicknesses remain as
defined in Figure 1.

acoustic excitation is calculated and shown in Figure 6. For a
superlattice comprising 16 periods, Figure 6A reveals two dominant
transmission peaks around 30 GHz without any stable photon band
gap. As the total number of periods increases from 16 to 16,384, the
number of electromagnetic transmission peaks increases, although
the magnitude of the emitted electromagnetic waves remains
relatively small.

The generation of electromagnetic waves can be explained by a
two-step process. First, the inherent inversion symmetry breaking
in the piezoelectric domains leads to the formation of electric dipole
moments. Second, the longitudinal vibration of the acoustic waves
induces stress at the interfaces between the domains, deforming
them and thereby altering the magnitude and direction of the
electric dipole moments. This process results in the emission of
electromagnetic waves from the superlattice, as confirmed by the
transmission spectra in Figure 6.

Figure 6 presents the electromagnetic transmission spectra in
the absence of an applied electric field. To further assess the
impact of an external electric field on electromagnetic transmission,
Figure 7 shows the corresponding spectra under field application.
A clear transmission peak and a stable band gap are observed
around 30 GHz. Notably, while the left edge of the band gap
remains essentially fixed at 30 GHz, the right edge shifts from
30.002 GHz to 30.86 GHz with increasing electric field. The
consistency between the band gaps for acoustic waves (Figure 5)
and electromagnetic waves (Figure 7) demonstrates that the band
gap simultaneously controls both phonon and photon propagation.
Essentially, this is a polariton band gap that manipulates the flow of
both acoustic and electromagnetic waves.

Operating bandwidth and tunability are the key parameters
defining the performance of the acoustic switch. The maximum

operating frequency is determined by the thickness of the
ferroelectric domains; increasing the thickness of one period in the
superlattice enables the switch to operate at lower frequencies, albeit
with a corresponding change in the operating bandwidth. Thus,
altering the unit cell size provides an additional means of tuning the
frequency band of the acoustic switch.

While adjusting the thickness of the piezoelectric superlattice
after fabrication is challenging, the band gap of the acoustic switch
can be effectively tuned via the applied electric field through
the electro-optic effect. This field-induced tuning stems from the
coupling between electromagnetic and acoustic waves, ensuring
stable performance. For instance, the width of the first forbidden
band can be varied from 0.003 GHz to 0.9 GHz as the external
electric field increases from 0 V/m to 1.342× 106 V/m, while
the second band gap adjusts from 0.002 GHz to 0.86 GHz. The
expansion of the forbidden band directly translates to the ability to
switch from acoustic wave transmission to blockage.

This approach is in stark contrast to previous methods of tuning
acoustic switches, such as those based on phase transformations
in phononic crystals, nonlinear deformation of arch beams, or the
radiation pressure effect. In phononic crystals, the forbidden band
can be adjusted by about 700 Hz through nonlinear deformation
of an arch beam [12] or by an order of magnitude of 104 Hz in
a one-dimensional structure with a 40-mm size. In comparison,
the piezoelectric superlattice acoustic switch not only operates at
higher frequencies but also exhibits a significantly wider operating
bandwidth and enhanced tunability via external DC electric fields.

Earlier approaches to acoustic switching have typically operated
at frequencies on the order of tens of kilohertz [16, 20, 21]. In
our design, modulation is achieved at GHz frequencies, providing a
substantial enhancement in performance. Moreover, the continuous
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FIGURE 6
Transmission coefficients for electromagnetic waves in the frequency range ω = 2.90–3.10 GHz, corresponding to: (a) 16 periods, (b) 256 periods, (c)
4,096 periods, and (d) 16,384 periods. The domain thicknesses are identical to those in Figure 1.

FIGURE 7
Transmission coefficients of electromagnetic waves in the frequency range ω = 2.90–3.12 GHz under various DC electric fields for an acoustic switch
with 65,536 periods: (a) 0 V/m, (b) 1.248× 106 V/m, (c) 1.306× 106 V/m, (d) 1.335× 106 V/m and (e) 1.342× 106 V/m. The domain thicknesses are the
same as those depicted in Figure 1.
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and reversible tuning of the band gap via an externalDC electric field
offers dynamic control without necessitating permanent structural
modifications. Recent advances in microfabrication and domain
engineering [39] further underscore the scalability and practical
applicability of our acoustic switch.

The unique features of the acoustic switch, such as its
operation at GHz frequencies, continuous tunability via an external
DC electric field, and the dual control of both acoustic and
electromagnetic waves, open up several promising real-world
applications. For instance, the switch could be integrated into
microwave filtering circuits where dynamic reconfigurability is
essential for managing signal interference [35]. Additionally, the
compact and tunable design is also ideal for integration intoMEMS-
based sensors and actuators, enabling adaptive sensing technologies
[20]. Furthermore, the dual acoustic-photonic control mechanism
presents opportunities for hybrid systems, such as acousto-optic
modulators or even acoustic logic circuits for novel low-power
computing architectures [40].

While the current design uses PZT for its strong electro-optic
effect and well-established properties, other piezoelectric materials
such as BaTiO3 and PMN-PT may serve as alternatives depending
on specific application needs, due to their distinct electromechanical
characteristics [41]. Additionally, composite structures such as
multilayer heterostructures and nanocomposites can be engineered
to optimize phonon dispersion, reduce losses, and enhance control
over acoustic wave propagation [42].The integration of 2Dmaterials
like graphene or MoS2 offers further potential for improving
energy efficiency and expanding device functionality [11]. These
alternatives may support broader tunability, improved compatibility
with MEMS platforms, and new avenues for high-performance
acoustic-photonics integration.

4 Summary and outlook

In summary, we have theoretically designed and modeled
an acoustic switch based on piezoelectric superlattices, which
can be tuned by an external DC electric field. The transmission
spectra reveal that the device can effectively block the propagation
of acoustic waves within a tunable frequency range while
simultaneously modulating the generation of electromagnetic
waves. The underlying mechanism, arising from the hybridization
of the folded phonon and electromagnetic dispersion branches,
enables a higher operating frequency and broader bandwidth
compared with traditional acoustic switches. Moreover, the
continuous and reversible tunability, combined with the compact
design of the superlattice, renders this device promising for high-
frequency acoustic modulation and integrated microwave filtering
applications.

Future work will focus on experimental validation of the
theoretical model, optimization of device parameters for enhanced
performance, and exploration of potential applications in integrated
photonic–acoustic systems [40]. Despite the promising features
of the proposed acoustic switch, several practical challenges
must be addressed for real-world implementation. One major
concern is energy dissipation, which may arise from acoustic
attenuation, dielectric losses, or imperfect coupling between
acoustic and electromagnetic modes, potentially reducing the

modulation efficiency. In addition, the fabrication complexity
of piezoelectric superlattices with a large number of precisely
defined domains poses significant technical challenges, especially
in achieving uniform domain thickness, alignment, and interface
quality. Moreover, further studies on the impact of domain
engineering and fabrication tolerances will be crucial for practical
implementations.

Several potential fabrication techniques could be considered for
constructing the proposed piezoelectric superlattices. For example,
thigh-quality ferroelectric PZT thin films can be deposited by
RF magnetron sputtering, chemical vapor deposition (CVD),
or pulsed-laser deposition (PLD) [43]. Subsequent electric-
field poling or patterned-electrode schemes enable controlled
domain inversion and polarization tuning [44]. Additionally,
advanced lithography techniques (e.g., electron-beam lithography
or photolithography)may be utilized to define the periodic structure
with high precision [43].Thesemethods, combined with established
microfabrication processes, provide a promising pathway toward
realizing the intricate superlattice structures necessary for the
acoustic switch.
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