ACT PROJECT HIGHLIGHT
LOW-POWER INTEGRATED ACOUSTO-OPTICS

FOR ATOMIC QUANTUM SENSORS

OVERVIEW

This project will develop an integrated photonic
acousto-optic modulator (AOM) that will lower
power requirements from satellite-based
quantum sensors from ~300 W to < 50 W.
AOMs are a key component technology for
spaceborne cold-atom quantum sensors, such
as atom interferometer gravity gradiometers

or Rydberg-atom radars. Currently, there is no
compact integrated alternative to free-space
acousto-optic frequency shifters, which are
used to precisely control laser spectra for atom
manipulation.

SCIENCE AREA

The global mapping of Earth’s gravitational
field with high spatial and temporal resolution

is of key importance for understanding dynamic
processes related to climate change, the
hydrologic cycle and water storage, ice sheets,
and physical processes in the Earth’s crust

and interior. Cold atom interferometers offer
numerous potential benefits over existing remote
gravity sensors like GRACE-FO in terms of
sensitivity, stability, and higher absolute accuracy,
and they require only a single spacecraft for the

measurement.

Hypersound waves are used to manipulate the wavelength and
path of laser light guided on the surface a GaN microchip.

TECHNOLOGY

This project aims to design and fabricate
integrated acousto-optic devices in GaN-on-
Sapphire to achieve high-performance AOMs
with mW-level drive powers. This >100x
improvement in efficiency will be enabled through
the confinement of optical and elastic waves on
wavelength-scales, radically enhancing acousto-
optic coupling as compared to bulk devices.
This system allows simultaneous excitation and
guidance of acoustic waves, as well as low-

loss optical wave-guiding to produce extremely
efficient acousto-optic interactions with high
optical power handling capabilities at the 780-
852 nm wavelengths used for Rb and Cs-based
atomic quantum sensors.

ADVANCEMENTS:

+ A GaN-on-Sapphire piezo-optic platform
will be developed through numerical
simulation, fabrication process development,
and laboratory testing, targeting an initial
waveguide loss <3 dB/cm.

An efficient electro-magnetic transducer
will be designed and fabricated to fully
characterize the electromechanical behavior
of the system and optimize performance

by maximizing electrical to acoustic power
conversion efficiency.

Modular components will be fiber-coupled,
packaged, and tested in a existing cold atom
experiment testbed.
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This project is managed under the Advanced Component
Technology (ACT) program. For more information, please
visit esto.nasa.gov.
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