
npj | nanophotonics Article

https://doi.org/10.1038/s44310-024-00052-3

Photorefractive and pyroelectric photonic
memoryand long-termstability in thin-film
lithium niobate microresonators
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The stability of integrated photonic circuits is crucial for applications requiring high frequency
precision or robust operation over time, such as optomechanical sensing, frequency conversion,
optical communication, and quantum optics. Photonic memory is useful for low-energy optical
computing and interconnects. Thin-film lithium niobate (TFLN), an emerging photonic platform,
exhibits complex material properties including pyroelectric and photorefractive effects which could
cause intra-device drift and excess noise under different conditions and enable photonic memory.
However, the long-term stability andmemory effect of these properties remain unexplored. Herein, we
discovered a long-lived refractive index change in Z-cut TFLN microresonators induced by light
excitation and temperature variation, with recovery times exceeding 10 h. This instability strongly
depends on thin film’s crystal orientations. Leveraging the long-term photonic memory, we realize
optical trimming of cavity resonance frequencies. Our result offers insights towards understanding the
fundamental noise properties and dynamic behavior of integrated TFLN material and devices.

Lithium niobate (LN), first discovered in 1949 as a ferroelectric crystal, has
been known for its excellent optical properties including such as large
electric-optic (EO) coefficient, second and third-order optical non-
linearities, and a wide transparency window from 0.3 to 5.5 μm1–3. The
recent advancement of the low-loss thin-film-lithium-niobate (TFLN)
photonic devices has enabled compact high-performance frequency
converters4,5, EO6,7 and acousto-optic modulators8 on a monolithic plat-
form, which quickly attract significant interest for building the future
integrated photonic circuits. However, the scalability and reliability of the
TFLN platform remains an open but critically important question with
many technical challenges to be solved, such as intra-device drift, inter-
device variation and fabrication inhomogeneities.

Figure 1a shows that the temporal variation of the optical refractive
index would lead to the drift of the bias voltage in the EOmodulators which
degrades the health of the classical and quantum optical communication
links9,10 aswell as thedrift of the cavity resonancepositionwhichdisrupts the
measurement required at a certain pump-cavity detuning11. Despite the
studies of the bulk LN material12, the TFLN platform shows different
behaviors from its bulk form due to the tighter optical confinement, the
condition of surface defects and nanofabrication process13,14. Compared to
the more matured photonic material, such as silicon or silicon nitride, the
LN exhibits far richer material properties, such as birefringent, photo-
refractive (PR), photovoltaic and pyroelectric (PE) effect. Photorefractive

effect is a result of the photovoltaic effect through optically pumping the
trapped electrons from the impurity level to the conduction band (Fig. 1b)
while pyroelectric effect describes the change of the spontaneous polariza-
tion of the material as a result of temperature change ΔT (Fig. 1c), both of
which give rise to a built-in electrical field along the crystal axis as sketched
in Fig. 1d. The change of the optical refractive index is proportional to the
product of the EO coefficient and the resulting electric field. Therefore,
experimental characterization of the PR and PE effects is essential to
understand the systems which need to operate at high optical power15 or be
cooled to cryogenic temperature10, rely on thermo-optic effect for
tunability16–18 and are sensitive to the carrier dynamics such as super-
conductingdetectors19,20. There are recent reports on the fast timeoscillation
of the PR effect13,21,22 and the thermo-refractive noise23. However, the long-
term stability of the optical properties has not been studied on the TFLN
platform. In addition, non-volatile photonic memory24 has not been
reported in TFLNdevices despite the photorefractive effect is routinely used
for holographic data storage in bulk LN crystals25,26.

In this paper, we systematically investigate the PR and PE effects and
their temporal dynamics in bothX-cut andZ-cutTFLNdevices. The change
of the optical refractive index ismonitored using the transmission spectrum
of high quality-factor microresonators. Due to the electron trapping at the
surface defect states and the thin feature of the film, the built-in electric field
is found to be stronger and takes significantly longer time to decaywhen the
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crystal axis is perpendicular to the device plane (Z-cut), in comparison with
the X-cut device with a similar dimension. In Z-cut TFLNmicroresonators,
we observe a blue-shifted cavity resonance with a recovery time of over 20 h
after optical excitation is turned off. Leveraging the long lifetime, we achieve
deterministic andcontrollable frequency shiftingof the resonance frequency
via controlling the injected light, and trimming different devices to resonant
at identical optical frequencies. Moreover, we find that the joint PE and EO
effect causes the optical resonance to blue shift upon increasing the device
temperature. The time scale of the process is dominated by the charge
dynamics and differs significantly from the thermal dynamics. Similarly, a
long recovery time of over 10 h is observed. Our work is of importance to
understand the stability of the TFLNphotonic devices for both classical and
quantum applications. The long-lived PR and PE effect could also be used
for realizing non-volatile optical memory and overcoming fabrication
inhomogeneity as well as for optical sensors27 and bolometers28.

Results
Approach
The devices are air cladded and fabricated on a 600-nm LN wafer with an
etch depth of 350 nm, a top width of 1.5 µm and a bending radius of 80 µm.
The cross-section and scanning electron microscope images are shown in
Fig. 2a. Figure 2b shows the transmission spectrum of the microresonator
via sweeping the frequency of a continuous-wave laser. The intrinsic Q
factor is extracted to be 3:3× 106 at near 1560 nm for the fundamental
transverse-electric (TE) mode. Both X-cut and Z-cut LN microrings with
the same geometry are fabricated for comparative analysis. The effective
refractive index change (Δneff ) can be extracted by measuring the optical
resonance shift of microrings based on

Δneff ¼ neff �
Δλ

λ
ð1Þ

where neff is the effective refractive index for light propagating in the ring
waveguide.

Photorefractive effect characterization
To study the photorefractive induced refractive index change,we control the
sweepingparameter of a continuous-wave control laser across the resonance

to introduce photorefraction, andmeasure the optical resonance shift using
a second probe laser at low optical power in the meantime (see Methods).
The wavelengths of both lasers are scanned from the short to the long
wavelength, as shown in Fig. 3a. The device is placed on a thermo-electric-
controller (TEC) to keep a constant temperature. The optical power of the
control laser in the waveguide is 80mW. The detailed setup is shown in Fig.
S1 in the supplementaryfile. After 500 cycles of the control laser sweeping at
a 5-nm/s speed across a 20-pm spectral range, a total cumulated wavelength
shifts of−13.7 pm is achieved via the PR effect (Fig. 3b) corresponding to a
Δneff of�1:8× 10�5. The index is preserved after the control light is turned
off, indicating aphotonicmemory effectwhichhasnot been reportedbefore.

Figure 3c plots the resonance shift (andΔn) is linearly proportional to
the number of the sweeping cycle and the control laser power, thus the total
injected optical energy. The largest refractive index change we demonstrate
in this work is �8:6× 10�5. One can estimate the internal electrical field
strength Ebuilt�in along the polarization axis to be 1:7× 106 V/m based on
the effective refractive index change:

Δno ¼ � 1
2
no

3 � r13 � Ebuilt�in ð2Þ

where n0 and r13 are the LN ordinary optical refractive index and the EO
coefficient (9.6 pm/V)29, respectively. We also verify that the optical loss of
the device didn’t deteriorate by monitoring theQ-factor during the process
(Fig. 3d). Furthermore, we demonstrate the PR-based tuning for two
different rings, both of which are trimmed to have the same resonance
wavelength of 1565.85 nm by a blue shift of 53 pm (Δneff ¼ �6:7× 10�5)
and 17 pm (Δneff ¼ �2:2× 10�5), respectively (Fig. 4a). The non-volatile
tuning shows promises for post-fabrication trimming of photonic circuits.
Next, we study the temporal stability of the PR-induced effect. Figure 4b
plots the refractive index change over time including the PR excitation
induced by the control light and subsequent relaxation after the control light
is turned off, and we did not observe the continued blue shifted resonance.
As shown in Fig. 4b, the cavity resonance drifts over one cavity linewidth
(~1 pm in our case) over a 10-min time period. This can serve as a figure of
merit for defining the effective operational time for thememory application.
Aswe continue to track the shift over a timewindowof 20 h,we observe that
the resonance position slowlymoves towards the original wavelength due to

Fig. 1 | Stability of the thin-film lithium niobate photonics. a The change of the
optical refractive index (Δn) could lead to the transmission variation due to the
resonance frequency drift of an optical cavity or the bias-voltage drift of an ampli-
tude electro-optic (EO) modulator. b Electrons from the impurity level is optically
excited into the conduction band by the photorefractive (PR) effect; c Temperature

change induces electrical current by the pyroelectric (PE) effect, Ps : spontaneous
polarization of thematerial; dCarriers from either the PR or PR effect lead to a built-
in electrical field (Ebuilt�in) in the TFLN waveguide which results in Δn via the EO
effect of LN (Δn / Ebuilt�in � γEO, γEO: the EO coefficient).
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the space-chargefield relaxation.After 20 h, the optical indexdoesn’t restore
to the initial value. This process can be described by

Δλ ¼ ∂1 � e�τ1=t þ ∂2 � e�τ2=t ð3Þ

where t is the time, ∂1 and ∂2 denote the wavelength shift before
recovery, τ1 and τ2 are characteristic time constants. The time con-
stants τ1 and τ2 are fitted to be 1.69 and 10.06 hours respectively, five
orders of magnitude longer than the reported values in the X-cut

LN13,21,22. The detailed analysis and comparison are shown in the
discussion section. The large time constant could be leveraged to
realize temporary optical memory on chip.

Pyroelectric effect characterization
We characterize the pyroelectric effect by changing the device temperature
using the TEC while tracking the resonance position using the same probe
laser (seeMethods). The temperature variationΔT modifies the position of
the atoms within the crystal and thus changes the polarization of the LN

Fig. 2 | Characterization of the TFLN devices. a Cross-section schematic and the scanning electron microscope (SEM) of the microresonators. The waveguide height h1,
600 nm; the etch depth h2, 350 nm; the waveguide top width w, 1.5 µm. b Transmission spectrum. The extracted intrinsic Q factor (Qi) to be 3.3 million.

Fig. 3 | Photorefractive effect characterization. a Schematic of the PR character-
ization. A control laser is used to sweep the resonance, after which the probe laser is
to monitor the resonance shift. b Resonance blueshifts during 2500 sweeping loops,
each 500 cycles induce −13.7 pm wavelength shift. c Resonance wavelength shift

(Δn) as a linear function of the number of sweeping cycles (at 80-mWon-chip optical
power) and the on-chip power (with 430 cycles). d Loaded linewidth and the loaded
Q factor during the 2500 sweeping cycles.
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material, generating a voltage across the thin film LN via the PE effect. The
resulting electrical field is given by

Ebuilt�in ¼ � 1
ε0εr

� ∂Ps

∂T
� ΔT ¼ � p � ΔT

ε0εr
ð4Þ

where ps is the spontaneous polarization, p ¼ ∂Ps
∂T represents the pyroelectric

coefficient of LN (C � cm2 �°C�1), ε0 and εr denote the free space permit-
tivity and relative dielectric permittivity, respectively. Therefore, the Δneff
via the PE andEOeffect can be estimated using Eq. (2), indicating a negative
relationship betweenΔn andΔT .Wenote that the thermo-optic (TO) effect
would take place concurrently and contribute to a positive change of the
index with an increased temperature. (Δn ¼ dn=dT � ΔT , where dn=dT is
the TO coefficient30,31).

Figure 5aplots the resonance shift and the index change as a functionof
time at a temporal resolution of 3 s over a 30-minwindow, while we apply a
temporal pulse of temperature with a peak temperature of 54 °C. We
observe a dynamic resonance shift with four stages as labeled in Fig. 5a: (1)
the resonance blue shifts proportional to the temperature difference
(ΔT > 0) due to thePE andEOeffect; (2) the resonance starts to red shift due
to the slower TO effect; (3) the resonance experiences a sharp transition of
red shift due to the negative ΔT (<0) and the PE; (4) resonance blue shifts
due to the TO effect as the temperature goes back to the room temperature,
and continue to blue shift due to the slow relaxation of PE-induced carriers.
It is clear that the TO and PE are distinct from each other in terms of shifts
and the time scale, as the TO effect is determined by thermal dissipation
while the PE effect is related to the carrier relaxation dynamics (likely due to
the surface charge neutralization through the air). For clarity, we show the
corresponding transmission spectra for these stages in Fig. 5b.

Figure 5c shows the temporal dynamics under pulses with different
peak temperature values of 54, 63, 66, and70 °C, respectively.We extract the
PE-induced dn=dT to be�2:9× 10�6=°C. In the final (4th) stage, there are
two different decay times, one of which is relatively fast attributed to the TO
effect (shaded in yellow). The slow decay (shaded in gray) is due to the PE
effect. Figure 5d shows the recovery time for the PE effect to be over 10 h.
Thefitted time constants are shown inTable S1. This result presents thefirst
characterization of the PE effect and its long-term stability in the TFLN
platform. It is of importance for applications including chip-based tem-
perature sensor and bolometer.

Discussion
Finally,weperformsimilar investigation in theX-cutmicroresonators of the
same dimension. In the PR experiment, the long-term relaxation and the
memory phenomenon is no longer observable in the X-cut device and the
optical resonance goes back to the initial position after the control laser
sweep. Instead, we observe the distortion of the optical resonance trans-
mission as we bidirectionally scan across the resonance (Fig. S2) regardless

of X- or Z-cut. This is a result of the PR effect at a faster time scale, which
competes with the TO effect13,21,22. It is observed that the PR effect is more
pronounced in theZ-cut device, while theTOeffect ismore dominant in the
X-cut device, resulting in the distinct resonance transmission by sweeping
the laser wavelength at higher power. Similarly, the long-term instability of
the PE effect is also absent in X-cut devices and the refractive index change
follows the thermal dynamics (Fig. S3). Therefore, the memory effect
strongly depends on the crystal orientation and poses challenges deploying
the Z-cut TFLN devices for precision optical measurement, suggesting that
active feedback circuits might be necessary. Utilizing balanced arms in the
Mach-Zehnder-interferometer-basedmodulatorswould help cancel out the
index change difference between two arms. Moreover, it is worthy to note
that the resulting internal electric field is stronger as one further shrinks the
physical dimension of the device, which explains distinct behaviors from its
bulk form. The slow recombination of the electrons at the surface could
explain the long relaxation time of optical refractive index observed on the
Z-cut devices. We envision that applying conductive coating to neutralize
the surface charge12,14 or ion doping25 could further reduce the recovery time
or erase the optical memory. Furthermore, the induced electrical field
should be of relevance to the optical poling of the LN32 aswell as the acoustic
circuit operation via piezoelectricity33.

In summary, we demonstrate a temporary photonic memory effect
induced by light and temperature excitation through the photorefractive,
pyroelectric and electro-optic effects based on the high-Q TFLN micro-
resonators. Long-lived optical refractive index change over hours is
observed and characterized in the Z-cut TFLN, showing distinct behaviors
from the X-cut TFLN and revealing the temporal dynamics of the charge
dissipation. Taking advantage of the long-lived feature, non-volatile trim-
ming of TFLN microresonators is demonstrated, for the first time, via a
precise control of light excitation. Our work is an important step towards
building a practical, scalable and reliable TFLN photonic platform in the
future.

Methods
Photorefractive effect characterization and measurement
To characterize the photorefractive induced refractive index change, we
utilize a high-power control for light excitation and a low-power probe laser
for monitoring. The control laser output power is amplified and adjusted
using an erbium-doped fiber amplifier. Two wavelength division multi-
plexers are used to combine and separate the control and probe light,
operating near 1546 nm and 1550 nm, respectively. A polarization con-
troller and a polarizer are utilized to ensure TE-mode excitation in the
waveguide. The transmitted control light is monitored with a power meter,
while the transmission spectrum of the probe light is recorded via a data
acquisition card. The device under test is placed on a thermoelectric cooler
(TEC) to keep at a stable temperature, preventing temperature-induced
drifts during the photorefraction measurement. The wavelength of the

Fig. 4 |Optical trimming and stabilitymeasurement. aOptical resonance trimming via the PR effect. bTemporal dynamics of the optical refractive index. PR effect shows a
relaxation process over a duration of 20 h with a change of one cavity linewidth (~1 pm) within the first 10 min window.
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control laser is scanned across the resonance from the short to long wave-
length to introduce photorefraction, while the probe laser wavelength is
continuously swept in the meantime to obtain the transmission spectrum.

Pyroelectric effect characterization and measurement
The characterization and measurement of the pyroelectric effect are per-
formed using a similar setup to the photorefractive measurement, with the
addition of a TEC for controlled temperature variations. Different tem-
perature pulses are applied by controlling the voltage supplied to theTEC.A
low-power CW probe laser is scanned continuously to track the resonance
shift induced by temperature changes.

Data availability
The data that support the findings of this study are available from the
corresponding author upon reasonable request.

Received: 10 September 2024; Accepted: 8 December 2024;

References
1. Weis, R. S. & Gaylord, T. K. Lithium Niobate: summary of physical

properties and crystal structure. Appl. Phys. A. 37, 191 (1985).
2. Peterson, G. E., Ballman, A. A., Lenzo, P. V. & Bridenbaugh, P. M.

Electro-optic properties of LiNbO3. Appl. Phys. Lett 5, 62 (1964).
3. Volk, T. & Wöhlecke, M. Polarization reversal and ferroelectric

domains in LiNbO3 crystals. Lithium Niobate: Defects,
Photorefraction Ferroelectric Switching. 115, 153–212 (2009).

4. Jankowski, M. et al. Ultrabroadband nonlinear optics in nanophotonic
periodically poled lithium niobate waveguides. Optica. 7, 40–46
(2020).

5. Gong, Z. et al. Solitonmicrocombgeneration at 2mum in z-cut lithium
niobate microring resonators. Opt. Lett. 44, 3182 (2019).

6. Wang, C. et al. Integrated lithium niobate electro-optic modulators
operating at CMOS-compatible voltages. Nature 562, 101 (2018).

7. Zhu, D. et al. Spectral control of nonclassical light pulses using an
integrated thin-film lithium niobatemodulator. Light Sci. Appl. 11, 327
(2022).

8. Beller, J. & Shao, L. Acousto-optic modulators integrated on-chip.
Light Sci. Appl. 11, 240 (2022).

9. Wooten, E. L. et al. A review of lithium niobate modulators for fiber-
optic communications systems. IEEE J. Selected Topics Quant.
Electron. 6, 69–82 (2000).

10. Shen,M. et al. Photonic link fromsingle-flux-quantumcircuits to room
temperature. Nat. Photon. 18, 371 (2024).

11. Kippenberg, T. J., Gaeta, A. L., Lipson, M. & Gorodetsky, M. L.
Dissipative Kerr solitons in optical microresonators. Science 361,
eaan8083 (2018).

12. Salvestrini, J. P., Guilbert, L., Fontana, M., Abarkan, M. & Gille, S.
Analysis and Control of the DC Drift in LiNbO3Based Mach–Zehnder
Modulators. J. Lightwave Technol. 29, 1522 (2011).

13. Xu, Y. et al.Mitigatingphotorefractive effect in thin-film lithiumniobate
microring resonators. Opt. Express 29, 5497 (2021).

14. Holzgrafe, J. et al. Relaxation of the electro-optic response in thin-film
lithium niobate modulators. Opt. Express 32, 3619 (2024).

Fig. 5 | Pyroelectric effect characterization. a Resonance shifts over 30 min under
excitation of a temperature pulse. bThe transmission spectra of four stages labeled in
(a). c Temporal dynamics with four different temperature pulses. The two shaded

regimes represent processes dominated by the TO and PE effects, respectively. d PE
relaxation process over 10 h.

https://doi.org/10.1038/s44310-024-00052-3 Article

npj Nanophotonics |             (2025) 2:1 5

www.nature.com/npjnanophoton


15. Wang, C. et al. Monolithic lithium niobate photonic circuits for Kerr
frequency comb generation and modulation. Nat. Commun. 10, 978
(2019).

16. Liu, X. et al. Thermally tunable and efficient second-harmonic
generation on thin-film lithium niobate with integrated micro-heater.
Opt. Lett. 47, 4921 (2022).

17. Maeder, A., Kaufmann, F., Pohl, D., Kellner, J. & Grange, R. High-
bandwidth thermo-optic phase shifters for lithium niobate-on-
insulator photonic integrated circuits. Opt. Lett. 47, 4375 (2022).

18. Liu, X. et al. Highly efficient thermo-optic tunablemicro-ring resonator
based on an LNOI platform. Opt. Lett. 45, 6318 (2020).

19. Thiele,F.etal.Pyroelectricity in lithiumniobatewaveguides in the thermal
transition to cryogenic temperatures. CLEO, paper JTh2A.13 (2024).

20. Biendl, J., Dreher, F., Protte, M., Verma, J. P. H. V. B. & Bartley, A. T. J.
Overcoming pyroelectricity to improve integrated superconducting
detector fabrication yield on lithium niobate. CLEO, paper JW2A.100
(2024).

21. Jiang, H. et al. Fast response of photorefraction in lithium niobate
microresonators. Opt. Lett. 42, 3267 (2017).

22. Sun, X. et al. Nonlinear optical oscillation dynamics in high-Q lithium
niobate microresonators. Opt. Express 25, 13504 (2017).

23. Zhang, J. et al. Fundamental charge noise in electro-optic photonic
integrated circuits. arXiv:2308.15404v4 (2023).

24. Zhang, Y. et al. Broadband transparent optical phase change
materials for high-performance nonvolatile photonics.Nat. Commun.
10, 4279 (2019).

25. Kong, Y., Liu, S. & Xu, J. Recent advances in the photorefraction of
doped lithium niobate crystals.Materials. 5, 1954 (2012).

26. Buse, K., Adibi, A. & Psaltis, D. Non-volatile holographic storage in
doubly doped lithiumniobate crystals. Nature. 393, 665 (1998).

27. Suen, J. Y. et al. Multifunctional metamaterial pyroelectric infrared
detectors. Optica. 4, 276–279 (2017).

28. Sassi, U. et al. Graphene-based mid-infrared room-temperature
pyroelectric bolometers with ultrahigh temperature coefficient of
resistance. Nat. Commun. 8, 14311 (2017).

29. Boyd,R.W.Theelectro-optic andphotorefractive effects. inNonlinear
Optics. 511 (Academic Press, 2008).

30. Moretti, L., Iodice, M., Corte, F. G. D. & Rendina, I. Temperature
dependence of the thermo-optic coefficient of lithium niobate, from
300 to 515 K in the visible and infrared regions. J. Appl. Phys. 98,
036101 (2005).

31. Vodopyanov, K. L. et al. Lithiumniobate:wavelength and temperature
dependence of the thermo-optic coefficient in the visible and near
infrared. Nonlinear Frequency Generation and Conversion: Materials,
Devices, and Applications XIV 9347, 253–261 (2015).

32. Wei, D. et al. Experimental demonstration of a three-dimensional
lithiumniobate nonlinear photonic crystal.Nat. Photon. 12, 596 (2018).

33. Lu, R. & Gong, S. RF acoustic microsystems based on suspended
lithium niobate thin films: advances and outlook. J. Micromech.
Microeng. 31, 114001 (2021).

Acknowledgements
This work is supported by the Chan Zuckerberg Initiative Foundation
(Dynamic Imaging) and the USC discretionary funding at University of
Southern California. The device fabrication was performed at the John
O'Brien Nanofabrication Laboratory.

Author contributions
M.Y. conceived the idea. C.L. designed the chip and fabricated the devices.
X.R. designed the experiment and carried out themeasurements. X.R., C.L.,
and M.Y. analyzed the data with the help of K.X., S.O., Y.Y, and Z.C. X.R.
drafted the manuscript with contribution from all authors. M.Y. revised the
manuscript. M.Y. and Z.C. supervised the project.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary information The online version contains
supplementary material available at
https://doi.org/10.1038/s44310-024-00052-3.

Correspondence and requests for materials should be addressed to
Mengjie Yu.

Reprints and permissions information is available at
http://www.nature.com/reprints

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International License,
which permits any non-commercial use, sharing, distribution and
reproduction in any medium or format, as long as you give appropriate
credit to the original author(s) and the source, provide a link to the Creative
Commons licence, and indicate if you modified the licensed material. You
do not have permission under this licence to share adapted material
derived from this article or parts of it. The images or other third party
material in this article are included in the article’s Creative Commons
licence, unless indicated otherwise in a credit line to thematerial. If material
is not included in thearticle’sCreativeCommons licenceandyour intended
use is not permitted by statutory regulation or exceeds the permitted use,
you will need to obtain permission directly from the copyright holder. To
view a copy of this licence, visit http://creativecommons.org/licenses/by-
nc-nd/4.0/.

© The Author(s) 2025

https://doi.org/10.1038/s44310-024-00052-3 Article

npj Nanophotonics |             (2025) 2:1 6

https://doi.org/10.1038/s44310-024-00052-3
http://www.nature.com/reprints
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
www.nature.com/npjnanophoton

	Photorefractive and pyroelectric photonic memory and long-term stability in thin-film lithium niobate microresonators
	Results
	Approach
	Photorefractive effect characterization
	Pyroelectric effect characterization

	Discussion
	Methods
	Photorefractive effect characterization and measurement
	Pyroelectric effect characterization and measurement

	Data availability
	References
	Acknowledgements
	Author contributions
	Competing interests
	Additional information




