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Abstract— We report on the characterization, including
residual phase noise and fractional frequency instability, of
second harmonic generation fiber-coupled periodically poled
LiNbO3 (PPLN) waveguides. We observe a residual phase noise
as low as -35 dBrad?*/Hz at 1 Hz, which makes them compatible
with the best up-to-date optical clocks and ultra-stable cavities.
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State-of-the-art optical atomic clocks have attained short-
term fractional frequency stabilities in the low 107'® range [1,2].
This has been made possible thanks to improved performances
of the clock lasers, which are pre-stabilized using ultra-stable
Fabry-Perot (FP) resonators [3]. Many of the last-generation
optical atomic clocks rely on frequency doubling via second
harmonic generation (SHG) to produce the laser clock
frequency [4,5], where the pump laser used for SHG is
stabilized to the ultra-stable FP resonator. It is therefore
necessary to ensure that the SHG setup does not degrade the
beam fractional frequency stability.

Bulk crystals and periodically poled (PP) crystals have
been used and characterized, and it has been shown that they
introduce very low phase noise, at the price of a poor SHG
efficiency [6-8].

In this study, we employ fiber-coupled PPLN waveguides
to perform the frequency doubling from an extended cavity
diode laser at a wavelength A = 871 nm to the electric
quadrupole transition clock frequency of Yb" at A = 435.5 nm.
These modules are both compact, highly-efficient, and avoid
the use of an enhancement cavity. We report SHG efficiencies
up to 117.5 % /W.

We measure the phase noise induced by the SHG with a
Mach-Zehnder interferometer and a novel noise rejection
technique and observe a residual phase noise as low as
-35dBrad’/Hz at 1 Hz (see Fig. 1), which makes them
compatible with the best up-to-date optical clocks and ultra-
stable cavities.
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Fig. 1. Optical phase noise measured using a Mach-Zehnder interferometer.
Red: pump laser phase noise at 871 nm. Blue: second harmonic phase noise at
435.5 nm , scaled to 871 nm. Green: phase noise obtained when mixing the
pump and second harmonic signals, allowing an estimation of the residual
phase noise of the second harmonic beam. noise floor of the
electronic measurement setup.
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