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Ultra-Low-Noise Chip-Based
Parametric Amplifier

ptical amplifiers are essential in numerous

photonics applications. Parametric ampli-
fiers, relying on a nonlinear material to create
amplification, are unique, as they can amplify
without generating excess noise if operated
in phase-sensitive mode. That makes them,
in principle, capable of a 0 dB noise figure,!
in contrast to all other known optical ampli-
fiers, which have a quantum-limited noise
figure of 3 dB.

In recent decades, numerous publications
have presented efforts by leading research
groups? toward experimental demonstration
of continuous-wave (CW) operation of paramet-
ric amplification in third-order-nonlinearity (x%)
waveguide platforms. A significant challenge
relates to both the linear and the nonlinear losses
suffered by such waveguides. As a result, demon-
strations thus far have used only a pulsed pump
wave rather than a CW pump wave—a prereq-
uisite for practical use. Nevertheless, this type
of amplifier promises not only to be potentially
very compact, but also to be capable of a broad
spectral gain in different wavelength ranges. In
addition, aside from amplification, these devices

Left: A single low-loss dispersion-engineered silicon-nitride spiral waveguide.
Right: Nine parametric amplifiers on a single chip, each a concatenation of

21 spirals.
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are capable of other functionalities ranging from
wavelength conversion to optical squeezing,.

To overcome current limitations, we have
developed a compact, very-low-loss and dispersion-
engineered silicon nitride waveguide platform
that has demonstrated amplification based on
the third-order nonlinearity in a single chip.?
The concatenation of 21 spiral waveguides forms
a 1.4-m-long nonlinear waveguide in a com-
pact format, with a loss of 1.4 dB/m. With these
devices, we were able to demonstrate the first
CW operation of compact single-chip parametric
amplifiers. These amplifiers were evaluated both
in phase-insensitive and phase-sensitive mode.
The observed chip gain was up to 10 dB, while
the measured chip noise figure in phase-sensitive
mode was as low as 1.2 dB.

We believe that these results are significant.
They clearly represent the first such CW mode
demonstration, with a very small noise figure.
They also show a realistic path toward fabri-
cating the devices for practical use as compact
amplifiers in a variety of applications, ranging
from telecom, lidar and signal processing to
spectroscopy.




