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Key elements have been demonstrated analytically or experimentally

A flexible optical platform for phase and amplitude modulation in silicon nitride photonic integrated
circuits that offers low optical loss, visible wavelength operation, low power consumption, and

performance in cryogenic operating temperatures.

Sandia researchers have developed a flexible optical platform
for phase and amplitude modulation in silicon nitride

(Si;N,) photonic integrated circuits that offers low optical

loss, visible wavelength operation, low power consumption,
and performance in cryogenic conditions. The platform,
fabricated in a CMOS foundry, enables scalable active
photonic integrated circuits for visible wavelengths and

the piezoelectric actuation functions without performance
degradation down to cryogenic operating temperatures.

This platform combines low power piezoelectric tuning

with the ultra low loss, large bandgap plasma enhanced
chemical vapor deposition (PECVD) silicon nitride in a CMOS
compatible flow. It utilizes piezo-mechanical coupling with
tightly mechanically coupled aluminum nitride (AIN) actuators.
The large transparency window of the silicon nitride allows for
the design of modulators at most wavelengths of interest in
modern photonics. The platform allows for near infrared (NIR)
and visible wavelength modulation.

TECHNICAL BENEFITS

Maintains optical and piezoelectric
performance in cryogenic conditions

Fabricated in Sandia’s MESA CMOS foundry

Independent optimization of optical
properties and piezoelectric actuation

Low cost, scalable manufacturing
Low on-chip power dissipation

Allows full control of amplitude, phase,
and frequency

Top (A): The device architecture uses silicon nitride photonic
elements clad in silicon dioxide tightly mechanically coupled
to an aluminum nitride actuator with patterned metal elec-
trodes above and below. Bottom (B and C): Scanning electron
micrographs of a fabricated ring modulator device and ring
cross-section, respectively.

INDUSTRIES & APPLICATIONS

Photonic Integrated Circuits (PICs)
Cryogenic photonic circuit components

Optical data transmission with visible
wavelengths

Quantum computing
LIDAR (light detection and ranging)
Space-based communications

PICs for neutral atoms, ions, and color
vacancy centers
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