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Acousto-optic modulators integrated on-chip
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Abstract
Acousto-optic devices that use radio frequency mechanical waves to manipulate light are critical components in many
optical systems. Here, the researchers bring acousto-optic devices on-chip and make them more efficient for
integrated photonic circuits.

Acousto-optics studies interactions between light and
acoustic waves in a medium. The optical refractive index of
a material changes in the presence of strain from acoustic
waves. The effects of this, also called Brillouin scattering,
were first predicted by Léon Brillouin in 19221 and have
been an active area of research since. With careful designs,
acoustic waves can manipulate light in various ways, such as
deflecting light into different spatial modes, modulating
intensity, shifting frequency, and rotating polarization.
Acousto-optic modulators are widely used in many

optical systems, including Q-switch lasers, ion traps,
optical tweezers, spectrometers, and optical signal pro-
cessors. Conventionally, acousto-optic devices use large
bulk crystals with sizes of a few centimeters2. The acoustic
waves are generated electrically from the piezoelectricity
of a crystal and interact with light propagating through
the crystal. Acousto-optic modulators offer outstanding
performance including high extinction ratios, large carrier
suppression, broad optical bandwidths, and fast respon-
ses, which are challenging to achieve using other
approaches like electro-optics and thermo-optics.
Despite their outstanding performance, bulk acousto-

optic devices are not compatible with emerging integrated
optical platforms. These platforms contain multiple optical
devices, all fabricated and interconnected on a single chip.
Bringing acousto-optic devices on chip is not trivial.
Innovations in device designs and material platforms are
necessary to simultaneously confine both acoustic waves
and light on chip and facilitate their interactions.

Recent efforts have been made to demonstrate inte-
grated acousto-optic devices on chip. Much of this has
focused on surface acoustic waves, which stay confined to
the same layers as existing on-chip optical waveguides.
Acoustic waves are generated with interdigital transducers
placed on the surface of a thin-film piezoelectric material,
such as zinc oxide3, gallium arsenide4, aluminum
nitride5,6, or lithium niobate7–11. With recent advances in
fabrication, lithium niobate has looked especially pro-
mising due to its high piezoelectric coefficients and low
optical and acoustic propagation losses.
Unfortunately, the efficiency of the integrated acousto-

optic modulators is far from their bulk counterparts, as
the interaction lengths between light and acoustic waves
are significantly shorter in integrated devices. For exam-
ple, the deflection efficiency of an integrated acousto-
optic deflector7,8 is limited to 3.5%—far from the over 90%
efficiency of a bulk acousto-optic deflector.
In the article in Light: Science & Applications12, Wan

et al. boost the efficiency of integrated acousto-optic
modulators on the thin-film lithium niobate platform by
heterogeneously integrating optical waveguides made of
chalcogenide glass. Heterogeneous integration provides
opportunities by bringing together materials with pro-
mising properties. While the strong piezoelectricity of
lithium niobate enables an efficient generation of acoustic
waves, the much larger acousto-optic coefficients of
chalcogenide glass enhance acousto-optic interactions.
The authors demonstrated a heterogeneous acousto-optic

Mach-Zehnder modulator in the push-pull configuration
with the acoustic wave generating interdigital transducer
between the two arms. The presented modulator has a low
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Vπ of 2.5 V, leading to a low VπL of 0.03 V cm, where Vπ is
the voltage required to induce a π phase shift of light and L
is the interaction length of the device. This marks a sig-
nificant improvement in the efficiency of integrated
acousto-optic devices. Compared to current integrated
acousto-optic modulators with suspended structures, the
presented acousto-optic modulator is fully supported by the
substrate, is easier to fabrication, offers greater scalability for
photonic integrated circuits, and is more robust in practical
applications.
The thin-film lithium niobate13 is a rising-star plat-

form for integrated photonics. Beyond high perfor-
mance electro-optic modulators, necessary and high-
performance optical components, including lasers14 and
photodiodes15, are being heterogeneously integrated on
the thin-film lithium niobate. Highly efficient acousto-
optic devices, as presented by this work, will provide
another powerful toolset to the lithium niobate plat-
form. They could be used for developing microwave-to-
optical converters, optical isolators, tunable filters and
would be essential for the future of quantum photonics
and microwave photonics.

References
1. Brillouin, L. Diffusion de la lumière et des rayons X par un corps transparent

homogéne; influence de l’agitation thermique. Ann. Phys. 9, 88 (1922).
2. Savage, N. Acousto-optic devices. Nat. Photonics 4, 728–729 (2010).
3. Gorecki, C. et al. Silicon-based integrated interferometer with phase mod-

ulation driven by surface acoustic waves. Opt. Lett. 22, 1784–1786 (1997).
4. De Lima, M. M. et al. Compact Mach-Zehnder acousto-optic modulator. Appl.

Phys. Lett. 89, 121104 (2006).
5. Li, H., Liu, Q. Y. & Li, M. Electromechanical Brillouin scattering in integrated

planar photonics. APL Photonics 4, 080802 (2019).
6. Kittlaus, E. A. et al. Electrically driven acousto-optics and broadband non-

reciprocity in silicon photonics. Nat. Photonics 15, 43–52 (2020).
7. Yu, Z. J. & Sun, X. K. Gigahertz acousto-optic modulation and frequency

shifting on etchless lithium niobate integrated platform. ACS Photonics 8,
798–803 (2021).

8. Shao, L. B. et al. Integrated microwave acousto-optic frequency shifter on thin-
film lithium niobate. Opt. Express 28, 23728–23738 (2020).

9. Jiang, W. T. et al. Efficient bidirectional piezo-optomechanical transduction
between microwave and optical frequency. Nat. Commun. 11, 1166 (2020).

10. Cai, L. T. et al. Acousto-optical modulation of thin film lithium niobate
waveguide devices. Photonics Res. 7, 1003–1013 (2019).

11. Shao, L. B. et al. Microwave-to-optical conversion using lithium niobate thin-
film acoustic resonators. Optica 6, 1498–1505 (2019).

12. Wan, L. et al. Highly efficient acousto-optic modulation using nonsuspended
thin-film lithium niobate-chalcogenide hybrid waveguides. Light Sci. Appl. 11,
145 (2022).

13. Zhu, D. et al. Integrated photonics on thin-film lithium niobate. Adv. Opt.
Photonics 13, 242–352 (2021).

14. Shams-Ansari, A. et al. Electrically pumped laser transmitter integrated on thin-
film lithium niobate. Optica 9, 408–411 (2022).

15. Guo, X. W. et al. High-performance modified uni-traveling carrier photodiode
integrated on a thin-film lithium niobate platform. Photonics Res. 10,
1338–1343 (2022).

Beller and Shao Light: Science & Applications          (2022) 11:240 Page 2 of 2


	Acousto-optic modulators integrated on-chip



