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Giant Photostriction Rate for Remote Opto-ultrasonic Structural Health Monitoring
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Abstract:

Extending photocarrier lifetime, accelerating photostrictive strain buildup, and engaging more light—lattice
interactions are essential to increase the bulk photostriction rate—a key figure of merit integrating strain
magnitude and generation speed (typically < 1073 s7* in bulk ferroelectrics)—for efficient remote ultrasound
generation. Here, we report non-poled terbium-doped (K,Na)NbOs ceramics, where Tb*" 4f-electron
trapping prolongs photocarrier lifetime, enabling efficient carrier drift to domain walls for screening
depolarization field. Hierarchical nanostructures—dense nanodomains (accelerating photostriction via
coupled local bulk photovoltaic and converse piezoelectric effects) and subwavelength grains (more light—
lattice interactions and enhancing collective photostriction)—yield an outstanding bulk photostriction rate
of 6.41x107! 57!, two orders above conventional bulk ferroelectrics. Non-poled ceramics avoid depoling
issue, enabling robust and low power opto-ultrasonic transducers for reliable remote structural health
monitoring. Our bulk ferroelectric design strategy enables cost-effective, high-performance opto-ultrasonic

sensing technologies.
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Introduction

Elastic waves, governed by coupled stress-strain dynamics and wave-matter interactions, facilitate acoustic
information and energy transfer, underpinning applications in non-destructive testing/evaluation
(NDT/NDE), biosensing, signal processing, and wave-based computing'. Conventional systems rely on
wired acoustic transducers, whereas remote, contact-free operation is essential for inaccessible
environments, to minimize invasive mass, electromagnetic interference, system complexity and cost.
Optomechanical energy conversion, where light drives mechanical vibration, provides such a solution and
advances applications in actuation’* imaging™°, sensing”®, and quantum technologies®'’. Potential

mechanisms include deformation-potential coupling'', magnetostriction'*", stimulated Brillouin

14,15 16,17

, thermoelastic expansion'®'’, molecular or electronic structural transitions'®!,

scattering and

ferroelectric photostriction®*?!

. While deformation-potential, magnetostrictive, and Brillouin scattering
allow ultrafast but nanoscale phonon generation, their limited active volume hinders macroscopic
ultrasound production. Thermoelastic expansion is straightforward yet with low efficiency (10°-10%)?*%,
requiring high-power pulsed lasers. Molecular phase transitions offer large strains (5-20%) but exhibit slow

kinetics (seconds scale) and irreversibility***°. Ferroelectric photostriction—initiated by photocarrier

separation, drift to and accumulation at domain walls, and the resultant screening of bound charges that
produces local fields which, generate domain-scale strain via the converse piezoelectricity (Fig. 1a)***'—

offers a reversible, cost-effective and low peak-power way for scalable opto-ultrasonic actuation.

Large and fast photostriction at microscale level, such as at lattice structure, was reported in ferroelectric
materials, but not adequately manifested at macroscale. This hinders sufficient acoustic pressure generation
and elastic-wave coupling efficiency, motivating the pursuit of macroscale large and fast photostriction in
bulk ferroelectrics. However, bulk systems inherently suffer from inefficient carrier drift (rapid photocarrier
recombination), slow photovoltage buildup (milliseconds to seconds), and poor light penetration (~tens of
nm under above-bandgap excitation), collectively suppressing their photostriction rate—an ultrasonic
device-level figure of merit integrating strain magnitude and response speed—to below 1073 s, insufficient
for efficient opto-mechanical ultrasound generation®*?%?*, Moreover, the complexity of electrical poling
and susceptibility to depoling during prolonged operation limit the robustness and reliability of poled bulk
ferroelectrics for long-term remote opto-ultrasonic applications. Overcoming these challenges requires
improved drift efficiency (prolonging photocarrier lifetime), localized optomechanical coupling
(accelerating the domain-scale strain without poling), and enhanced light penetration (activating more

grains).

Here, we show a hierarchical structural design strategy, to achieve a giant photostriction rate in bulk



ferroelectrics. By tailoring sub-wavelength grain sizes to minimize Rayleigh scattering, we enhance optical
penetration for maximizing light-lattice interactions and enhancing the collective photostriction (Fig. 1b).
Within these grains, nano-domain architectures are configured for enabling fast local photostriction. Phase-
field simulations reveal that photocarrier drift and accumulation in properly nano-sized domains efficiently
screens the depolarization field at domain walls, generating local strains that can accumulate constructively
into collective photostriction without poling treatment (Fig. 1c). Moreover, we strategically introduce heavy
terbium dopants (Tb*") to create electron traps via densely split 4/-electron levels, prolonging photocarrier
lifetimes™, enhancing carrier drift efficiency toward domain walls, thereby amplifying the local
photostriction (Fig. 1d). A larger spontaneous polarization magnitude (Pma) facilitates photocarrier
separation, while a greater polarization angle deviation (DP) signifies reduced domain size*®, collectively
leading to enhanced local photostriction. In perovskite ABOs displacive ferroelectrics, spontaneous
polarization (Ps) primarily arises from the relative displacement of B-site cations against the oxygen
octahedral center. To achieve a relatively large Pmag While introducing strong random fields for a substantial

DP, we employed A-site Tb*>" doping.
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Fig. 1 | Hierarchical design strategy for enhancing the photostriction rate in bulk ferroelectrics. a,
Schematic of photostriction in ferroelectrics. Photocarrier drift under the spontaneous polarization aligned



internal electric field, enables photo-induced strain via the converse piezoelectric response to charge
redistribution. b, Grain-level design to enhance light-lattice interactions. Large grains scatter light at grain
boundaries, reducing transmittance. Decreasing grain size below the light wavelength minimizes scattering,
improving light penetration, and enhances light-lattice interaction. ¢, Domain-level design for rapid local
photostriction. Phase-field simulations incorporating carrier drift within domains reveal optimized domain
size for enhancing local photostriction in bulk ferroelectrics. d, Atomic-level design for prolonged carrier
lifetime and efficient carrier drift to domain walls. Rare-earth (RE) element terbium (Tb) is introduced as
the donor dopant, to create optimal electron traps via densely split 4f-electron levels. These traps extend
carrier lifetime and facilitate drift toward domain walls, enhancing local photostriction.

Leveraging these principles, we doped Tb*" at A-sites within lead-free KNN ceramics- a widely studied and
highly tunable ferroelectric platform—to simultaneously engineer grain size, domain architecture, and
atomic-level structures as envisioned in our design. The resultant non-poled KNN-Tb ceramics exhibit an
outstanding bulk photostriction rate of 6.41 x 10" s7!, two orders of magnitude higher than the reported
ferroelectric photostriction in the literature, such as Pb(Mgi/3Nb2/3)O3-PbTiOs (PMN-PT) and BiFeOs (BFO)
single crystals. Atomic-scale structural analysis reveals underlying structural driving forces underlying the
exceptional performance. Intensive ultrasonic waves were excited by light and reliable remote SHM
function was demonstrated, using an opto-ultrasonic cantilever transducer made from the non-poled KNN-
Tb. Crucially, the non-poled nature of KNN-Tb simplifies device fabrication, avoids depoling issues during
prolonged operation, and enhances reliability and durability, marking a critical advancement toward next-

generation opto-ultrasonic devices for practical applications.

Results and Discussion

Enhanced Optical Transmittance and Enhanced Photostriction in KNN-Tb

We optimized the fabrication process of KNN-xTb (x=0, 0.01, 0.02, 0.03, 0.04) ceramics (Supplementary
Methods 1.1), to prepare ferroelectric ceramics with reduced optical scattering and improved transmission
in the visible light spectrum, and thus the samples show transparency. Representative samples (x=0.01, 0.02,
0.03) were selected to show their optical transmittance from 300 nm to 800 nm, as provided in Fig. 2a.
Specifically, the transmittance of KNN-xTb ceramics at the 400 nm excitation wavelength were evaluated,
revealing that the increased transmittance at this wavelength significantly boosts photo-induced
photovoltage (Fig. 2b and Supplementary Fig. S1). To eliminate compositional effects on the photovoltage,
we analyzed the photovoltage of KNN-0.02Tb ceramics produced under varying processing conditions
(Supplementary Fig. S2), revealing a proportional relationship between transmittance at the 400 nm
excitation wavelength and photovoltage.

Additionally, our investigations into photo-induced displacement of KNN-xTb cantilevers, encompassing

both poled and non-poled samples, demonstrated that non-poled samples can excite significant photo-



induced displacement responses, as provided in Fig. 2c. Notably, the non-poled KNN—0.02Tb ceramic
cantilever achieved a maximum photostrictive displacement of 202 nm, markedly surpassing that of a
commercial PMN-PT single crystal cantilever (~3 nm) with identical dimensions. All photostriction
measurements on KNN-Tb ceramics and PMN-PT single crystals were performed under identical above-
band-gap excitation conditions (same 400 nm illumination laser with the same photon flux and geometry),
ensuring a consistent electromagnetic energy input and the reliable and fair comparison (Supplementary
Methods 1.2). While the absolute photoexcited carrier concentration may differ between the two materials
due to variations in optical absorption coefficient, carrier lifetime, and defect-related trapping, the
photostrictive response in bulk ferroelectrics is also governed by domain-wall-mediated carrier trapping

and screening.

Under these identical excitation conditions, KNN—-Tb ceramic cantilever exhibits photostriction rate of up
to 6.41x107" s™! (Supplementary Note 1 and Fig. S3), which is nearly two orders of magnitude higher than
that in PMN-PT single crystal cantilever (8.06 x 107 s™"), as depicted in Fig. 2d. Moreover, our KNN-
0.02Tb ceramic sample exhibits robust water resistance, maintaining its photostriction performance even
after 30 days of water immersion, as demonstrated by the cantilever with the same size fabricated from the
immersed samples (Supplementary Fig. S4). These characteristics highlight the advantage and practical

application potential of our KNN-Tb ceramics for opto-ultrasonic transduction.
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Fig. 2 |
Enhanced optomechanical coupling in KNN-Tb ceramics. a, Optical transmittance of KNN-xTb
ceramics (x=0-0.03) across the 300 nm to 800 nm wavelength range. The error bars are shown as semi-
transparent shaded regions around the transmittance curves. b, Comparison of transmittance and
photovoltage in KNN-xTb (x=0-0.03) ceramics, under modulated light with 400 nm wavelength. ¢, Photo-
induced displacement in poled and non-poled KNN-xTb (x=0-0.03) ceramic cantilevers, under modulated
light with 400 nm wavelength. The dashed line represents reference data obtained from a PMN—PT single-
crystal cantilever of identical dimensions measured under the same conditions. d, Maximum strain and
strain rate across representative photostrictive materials, showcasing the substantially enhanced

photostrictive strain and strain rate in non-poled KNN-0.02Tb ceramics.

Deciphering Structural Driving Force of Enhanced Photostriction in KNN-Tb

The frequency-dependent electromechanical analysis (Supplementary Notes 2 and 3, Fig. S5) confirms that
the large displacement and strain, observed in the KNN-Tb cantilever, originate from electromechanical
resonance rather than thermal expansion (Supplementary Note 4 and Fig. S6), consistent with that in PMN-
PT crystal cantilevers. To understand why the photostriction rate of KNN-Tb ceramics is two orders of

magnitude higher than that of PMN-PT crystals, we analyzed the two key factors in photostriction rate



calculation: resonance frequency and maximum deflected displacement of the cantilever (Supplementary
Note 1). Compared with the PMN-PT crystal cantilever of identical dimensions and clamping conditions,

the KNN-Tb ceramic cantilever exhibits a higher resonance frequency (9.1 kHz vs. 7.7 kHz). For

cantilevers of the same geometry, the fundamental resonance frequency scales as 1/ E /p*’, where E is the

Young’s modulus and p is the density, consistent with the difference in £/p between the two materials (see
Supplementary Note 5 for detailed discussion). Additional factors—including boundary fixation, ceramic
porosity, and single-crystal anisotropy—may further contribute to the observed frequency difference®®.
Furthermore, the KNN-Tb cantilever demonstrates a substantially larger maximum deflection (202 nm)
than the PMN-PT cantilever (3 nm) under identical conditions, resulting in a markedly enhanced

photostrictive rate.

To uncover the microscopic origin of this enhancement, we investigated the structural mechanisms
governing the photostriction in KNN-Tb. While a recently proposed unit-cell polarization screening model
predicts sub-picosecond photostriction in ferroelectrics®®, our measurements reveal a microsecond-scale
delay between peak illumination and maximum strain (Fig. S7), suggesting an obviously different
underlying process. Instead, photocarrier drift to local domain walls to screen the depolarization fields
model appears to be applicable to our case, as supported by energy conversion analysis: the bulk
photovoltaic effect (BPVE) efficiency ngpve, and photostriction efficiency #pno, are 8.6 x 107" and 1.47 x
107, respectively (Supplementary Note 6 and Figs. S8 and S9). While bulk photostriction theory limits #no
to #seve X ycpe (CPE is the converse piezoelectric effect), our results demonstrate that we have overcome
this constraint through local opto-electromechanical coupling, manifested as local photostriction. This
phenomenon is governed by (1) the magnitude of local electric field variations, driven by photocarrier
screening of the depolarization field, and (2) the strength of the local converse piezoelectric effect,

determined by the intrinsic lattice properties of the material.

A phase-field model incorporating photocarrier drift (Supplementary 2) reveals that optimized nanoscale
domains (tens of nanometers) facilitate carrier drift toward domain walls (Fig. 3a). Carrier accumulation at
domain walls effectively screens bound charges, suppressing the depolarization field and strengthening the
local electric field. However, at ultra-small domain sizes (a few nanometers), intensified random electric
fields disrupt directional carrier drift to screen bound charges, diminishing the local electric field.
Experimentally, excessive Tb doping enhances random fields, weakening the ability of photo-induced
charge carriers to screen depolarization fields, thereby reducing the local piezoelectric response and
ultimately diminishing photostrictive strain. Relaxor ferroelectrics, such as PMN-PT and (BigsNags)TiO;3
(BNT), exhibit strong random fields arising from substantial ionic valence and radius mismatches at the

A/B sites®® 44! which hinder effective charge screening and ultimately degrade photostrictive performance.



In contrast, compositions with smaller ionic disparities, such as KNN (applied in this work) and BaTiOs,
are systems more suitable for achieving strong local photostriction. Future research could explore grain-
domain-lattice engineering strategies to further enhance photostriction in these systems. Piezoelectric force
microscopy (PFM) and switching spectroscopy PFM (SS-PFM) (Figs. S10, S11) confirm that appropriate
Tb doping reduces domain size while enhancing the piezoelectric response up to x = 0.02, beyond which
excessive doping suppresses ferroelectric polarization and dielectric permittivity (Fig. S12). As summarized
in Fig. 3b, the optimized local random fields induced by Tb doping maximize the local converse

piezoelectric response.
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model within local ferroelectric domains. b, Local piezoelectric responses of KNN-xTb ceramics under



large (20 V) and small (5 V) driving voltage conditions. Data were subtracted from the local switching
spectroscopic PFM results. ¢-f, Grain and domain morphologies of KNN-0Tb and KNN-0.02Tb. g-1, Local
polarization mapping and doping effect on A-site analysis on KNN-0Tb and KNN-0.02Tb samples.

To uncover the structural mechanisms underlying photostriction enhancement, we performed a multiscale
microstructural analysis of KNN-Tb ceramics. With the increasing Tb concentration, grain sizes were
reduced to tens-to-hundreds of nanometers range (Fig. S13), smaller than the incident modulated light
wavelength (400 nm). Within these sub-nano-sized grains, domain sizes ranged from a few to tens of
nanometers (Fig. S10), more than one order of magnitude below the visible light wavelength. Consistent
with our design strategy, the tailored small grain and domain architecture effectively suppress light
scattering and enhance optical transmission, facilitating more light-lattice interactions and ultimately
yielding greater collective photostriction. To further investigate the local structural effects of Tb doping, we
employed (S)TEM to characterize KNN-0Tb and KNN-0.02Tb. In agreement with SEM and PFM results,
TEM images (Figs. 3c-3f) reveal a substantial reduction in both grain and domain sizes upon Tb
incorporation. While rare-earth doping is a well-established strategy for tuning grain size and improving
optical transparency in ferroelectric ceramics, its underlying mechanism for precisely and controllably
modulating domain architecture remains unclear, posing a challenge for designing ferroelectrics with

enhanced photostriction rate.

To gain deeper insight into domain evolution, we conducted local polarization mapping (Figs. 3g, 3j),
analyzed the impact of Tb doping on A-site cations (Figs. 3h, 31, 3k, 31), and performed atomic-scale stress
mapping (Fig. S14) on KNN-0Tb and KNN-0.02Tb. Compared to the well-aligned polarization vectors in
KNN-0Tb, KNN-0.02Tb exhibits reduced polarization coherence, forming nanoscale domains (<10 nm)
with small-angle domain walls. Consistent with phase-field simulations, smaller grains exhibit higher
internal stress (Fig. S14), while increased Tb doping enhances local random fields (Fig. S15), leading to a
domain size reduction from the micrometer to nanometer scale, with an intermediate domain size that can

maximize the photo-induced strain (Figs. S16 and S17).

To further uncover effective strategies for controlling local photostriction in bulk ferroelectrics, we explored

the underlying structural driving forces for regulating ferroelectric domains.

The composition-driven evolution of ferroelectric domains originates from changes in local spontaneous
polarization, specifically, DP and Pmag (Fig. 4a). To uncover the atomic-scale driving forces for DP and
P, we conducted a statistical correlation analysis linking these polarization parameters to key

microstructural factors, including A-site cation variations (reflected by A-site cation intensity variations),



oxygen octahedral tilt (OT), and oxygen octahedral distortion (OD). This analysis was based on atomic-
scale mapping of these microstructural features, as provided in Figs. 4b and 4c (details can be seen in
Supplementary Methods 1.3 and Figs. S18 and S19). Our analysis reveals a pronounced negative correlation
between DP and P (Fig. 4d), indicating that larger DP correspond to lower Ppqe. This interdependence
suggests a mutually competitive relationship between DP and Pma,. As provided in Figs. 4e and 4f, OT is
correlated with DP, whereas OD is correlated with Pmag. Given that large OD characterizes domain walls,
increasing OT thus serves as the primary driving force for reducing domain size. In contrast, increasing OD

acts as the main driving force in enhancing Piag.

To further elucidate the driving forces of evolving OT and OD, we statistically analyzed variations in the
relative lengths of A—O and B—O bonds and correlated them with OT and OD (Figs. 4g and 4h). Fluctuation
in B-O bond lengths positively correlates with OD, whereas variation in A—O bond lengths correlates
positively with OT. These insights suggest that compositional adjustments targeting A—O and B—O bonds
modifications could effectively tune OD and OT, thus balancing the competition between DP and Puag.
Under near-critical conditions, this strategy can achieve large DP while preserving relatively high Ppgg. In
size-reduced domains, each domain retains a high Puag, promoting efficient drift of photocarrier toward
domain walls. These charge carriers shield bound charges at domain walls, reduce depolarization fields,
and thus facilitate rapid and enhanced local photostriction. Correlation coefficients among these local
structural factors were provided in Fig. 41, demonstrating the statistical reliability of our identified structural

driving forces for modulating the domains.
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Opto-ultrasound Generation and Remote SHM via Photostriction

We designed a remote ultrasonic SHM system enabled by the photostricton in KNN-0.02Tb, to monitor the
damage status of engineering structures*. The system employs a KNN-0.02Tb optomechanical cantilever
transducer with the size of 0.25 mm % 0.50 mm x 3.00 mm (width x height x length), bonded to a 1.6 mm-

thick aluminum plate (selection details in Supplementary Note 7). When illuminated by continuous light



modulated at 50.3 kHz corresponding to the resonance frequency of the coupled cantilever structure, the
cantilever generates mechanical vibration due to photostriction in KNN-0.02Tb, exciting an ultrasonic wave
propagating through the aluminum substrate. A laser scanning vibrometer captures the vibrational profiles,
enabling real-time monitoring of defects, by analyzing amplitude and phase changes in the ultrasonic waves

interacted with structural defects (Fig. 5a).
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Fig. 5 | Opto-ultrasound generation and remote SHM by photostriction in non-poled KNN-Tb
ceramics. a, Schematic of the remote ultrasonic SHM enabled by photostriction. Modulated light in
continuous mode excites the KNN-xTb cantilever that acts as an opto-ultrasonic transmitter, generating
vibrations for exciting the ultrasound in the aluminum plate. The laser scanning vibrometer detects
ultrasonic waves, with amplitude and phase of which indicating the location and size of structural defects
in the aluminum plate. b, Reproducibility of the vibrations in the KNN-xTb cantilever, confirming its
reliability as an ultrasonic transmitter. ¢, Ultrasonic wave propagation in the aluminum plate, excited by the
cantilever’s vibrations. The wave profile follows a damped sine function. d, Detection of defects with
varying depths, demonstrating remote opto-ultrasonic SHM function. The received ultrasonic wave packet

reveals signal reduction, quantified by the signal drop that increases with defect depth.



To assess reproducibility of this KNN-0.02Tb optomechanical transducer, cyclic on-off illumination tests
were performed on it, with each "on" state inducing 500 electrical oscillations, repeated over seven on-off
cycles (Fig. 5b). The results confirm the cantilever’s reliability as an opto-mechanical transmitter. The
system exhibited efficient wave coupling, producing ultrasonic signals with consistent periodicity (18.1
mm wavelength) and minimal attenuation across the pristine aluminum plate (Fig. 5c). Damped sine wave
fitting (R? > 0.95) validated stable signal propagation, while spectral analysis confirmed frequency fidelity
between the input modulation signals (50.3 kHz) and detected waveformsThe defect detection capability
was evaluated using 4 mm x 22 mm strip defects of varying depths (0—1.6 mm), positioned 45 mm from
the transmitter (Fig. S20). A 5-cycle, 3-Vyp, 50.3 kHz sine wave was applied to modulate the illumination
on the KNN-0.02Tb transmitter, generating an AO Lamb ultrasonic wave® detected by the laser scanning
vibrometer (see determination in Fig. S21). The detected signal showed a clear reduction with increasing

defect depth. To quantify this relation, we introduced a normalized damage index (DI)—based on residual

signal energy method**

—calculated from the amplitude difference of the characteristic wave packet
between pristine and defected states (see Supplementary Note 8). The DI values show a consistent increase
with defect depth until approaching the full plate thickness (inset of Fig. 5d). These results demonstrate the
potential of non-poled KNN-Tb ceramics for remote opto-ultrasonic SHM applications.

46,47

Unlike conventional laser ultrasonics or photoacoustic transducers*®*" for SHM, which rely on

optothermal expansion or plasma ablation under high peak-power pulsed illumination, our KNN-Tb

cantilever leverages the ferroelectric photostrictive mechanism, where light drives strain via bulk
photovoltaic effect and converse piezoelectricity. This non-thermal and cost-effective solid-state coupling
enables reversible, safe, low-power opto-mechanical actuation, and excellent frequency control, attractive
for many remote ultrasonic NDT and SHM systems, albeit with currently limited displacement amplitude
compared to high-energy photoacoustic sources. By eliminating the complexity of the poling process and
depoling issue during long-term monitoring operation, using the non-poled KNN-Tb offers a cost-effective

approach with improved robustness in manufacturing the next-generation optomechanical devices.

In summary, we achieved an outstanding bulk photostriction rate of 6.41 x 10" s™ in non-poled terbium-
doped (K,Na)NbOs (KNN-Tb) ceramics, two orders of magnitude higher than typical bulk ferroelectrics.
This exceptional performance results from the synergistic coupling between nanoscale bulk photovoltaic
and converse piezoelectric effects, amplified by optimized optical penetration that promotes constructive

accumulation of local photostriction. Atomic-resolution analyses reveal that A-site heavy hetero-ions



substitution modulates metal-oxygen bond lengths, tuning oxygen octahedral tilt (OT) and distortion (OD)
level, and balancing polarization angle deviation (DP) and magnitude (Pmag). The competitive interplay
between DP and P fosters optimal ferroelectric domain configurations that facilitate efficient
photocarrier drift to domain walls, enabling rapid and large local photostriction. Optimized optical
penetration facilitates more grain participation in light—lattice interactions, promoting greater accumulation
of local photostriction and enhancing the collective photostriction. The effective ultrasound generation and
reliable remote SHM function are demonstrated, using an opto-ultrasonic cantilever transducer made from
the KNN-Tb ceramics. Our research outcome here establishes a versatile strategy for engineering multiscale
structures in bulk ferroelectrics, paving the way for cost-effective, high-performance opto-acoustic devices

and providing a unique technical solution for remote opto-ultrasound applications.

Methods

See details of methods part in supplementary information files.

Data availability

The data generated in this study are provided in the Supplementary Information.

Code availability

MATLAB scripts are available from the first author and corresponding authors upon request.
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Editor’s summary:

Hierarchical nanostructures in ferroelectric ceramics greatly enhance light-driven strain, yielding a photostriction rate
two orders higher than conventional bulk materials and enabling remote ultrasonic sensing for structural health
monitoring.
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