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Frequency-comb-based optical transfer for stabilization of

injection-seeding laser in 2 um-coherent lidar system
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Abstract

Highly-stable and narrow-linewidth Q-switched
pulse laser is essential for a coherent lidar to im-
prove the measurement accuracy of greenhouse-gas
concentration, wind velocity etc. We have developed
a frequency-comb-based optical reference transfer sys-
tem to stabilize a seed laser for Q-switching operation
of 2 ym Tm, Ho : YLF laser by injection seeding. The
developed comb-transfer system was able to provide
the 2 um optical frequency reference via a silica-glass
optical fiber link. The linewidth and instability of
2 um reference, which was transfered through 1.7km
fiber linking two laboratories in NICT, were measured
to be 100Hz and 5 x 107! at 1s averaging time, re-
spectively. The developed system was found to be
available for the coherent lidar experiment from a pri-
mary demonstration of the injection seeding by the
seed laser phase-locked to the transfered reference.
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Figure 1: Frequency-comb-based optical transfer sys-
tem for the stabilization of Q-switched 2pm pulse
laser. A frequency comb emitted from an erbium-
doped-fiber femtosecond-pulse mode-locked laser is
phase-locked to a cavity-stabilized narrow-linewidth
laser at 1538 nm in wavelength. The ultra-short
optical-pulse train from the femtosecond laser is trans-
fered from the Space-time standards laboratory (local
site) to Remote sensing fundamentals laboratory (re-
mote site) through a polarization-independent single-
mode optical fiber with a length of 880m. At the
remote site, the optical-pulse train transfered is intro-
duced into a highly nonlinear fiber for spectral broad-
ening exceeding the wavelength required for the fre-
quency stabilization of a 2051 nm laser. The laser
phase-locked to the 2 pum optical reference is served
as a seed laser for a Q-switched pulse laser in coherent
lidar system.
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Figure 2: Optical spectra of frequency comb at
Space-time standards laboratory (local site) and Re-
mote sensing fundamentals laboratory (Remote site)
in NICT. Two laboratories are linked with optical fiber
network with 880 m length. The transfered comb spec-
trum was broadened by a highly nonlinear fiber at the
remote site and ranges from 1170 to 2150 nm at 20 dB
below maximum. The wavelength of 2051 nm for a
coherent lidar system is indicated by dotted line.
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Figure 3: Spectra of the heterodyne beat linewidth
between two original comb modes (a: before fiber
transfer) and returned comb mode after a round trip
through the fiber link (b). Each inset shows the beat
spectrum with much wider 1 MHz span.
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Figure 4: Measured frequency instabilities as given by
the Allan standard deviation. (a,b) Instabilities of Q-
switched 2 um laser injection-seeded by free-running
and comb-stabilized seed laser, respectively. (c,d) In-
stabilities of original comb mode (before fiber transfer)
and returned comb mode at 2051 nm after a round
trip through a 1.7km fiber link. (e) Instability of
cavity-stabilized narrow-linewidth 1.5 pm laser against
a cryogenic sapphire oscillator.
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