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Fig. 1.

; BD, MifuiR)

(color online) Schematic of the narrow linewidth lasers system (A/2, a half wave plate; \/2, a

quarter-wave plate; PGT, Glan Taylor prism; EOM, electro-optic modulator; AOM1, AOM2, acousto-optic
modulator; PBS1, PBS2, polarizing beam splitter; L1, L2, lens; RF1, RF2, RF3, RF signal driving source;
PD1, PD2, photodetector; PI1, PI2, PI3, proportional integrating circuit; SM fiber, single-mode fiber; PS1,
PS2, phase Delay; CAV1,CAV2, optical reference cavity; AVI, vibration isolator; BD, breadboard).
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Fig. 2. (color online) Frequency noise PSD of the error

signal when the laser is locked by PZT only (A) and

both methods (B).
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Fig. 3. (color online) (a) Ring-down signal of the cav-

ity transmission; (b) response time of photodetector.
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Fig. 4. (color online) Measurement of cavity linewidth.
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Abstract

Ultra-stable lasers at optical communication wavelengths have important applications in developing optical fre-
quency transfer via optical fibers. We report the recent development of a 1550 nm stable laser system built at National
Time Service Center and its preliminary application in optical frequency transfer via laboratory fibers.

In the experiment, the conventional Pound-Drever-Hall(PDH) frequency stabilization technology is implemented to
achieve the ultra-stable laser at the wavelength of 1550 nm. The output of a single laser source is split and locked onto
the resonant frequency of two independent reference cavities, of 344000 and 296000 respectively. The frequency of the
laser source is actively stabilized to the first reference cavity by piezo and external frequency shifters simultaneously and
the total control bandwidth is measured to be 50 kHz. Then the laser frequency is shifted and stabilized to the second
reference cavity by an acousto-optical modulator. A 5 m long single-mode fiber is used to bring the first laser beam to
the second reference cavity which unfortunately induces unexpected phase noise by environmental distortions. The laser
linewidth broadened is determined to be 0.27 Hz by the beat note measurement between the input and output beams of
the fiber. To evaluate the frequency stability of the laser, the frequency control signal within the control bandwidth of
the second stable laser system is analyzed by a spectrum analyzer and a frequency counter. The control signal shows a
Lorentz linewidth of 2.7 Hz and a frequency stability of 2.5 x 10714/57 corresponding to a single laser linewidth of 1.9 Hz
with a frequency stability of 1.7 x 107" /s if the two stable lasers have similar frequency stability.

Applying this ultra-stable laser system as the laser source for the fiber-based optical frequency transfer, a short-term
frequency transfer stability of 7.5 x 1077 /s is demonstrated through a 50 km-long fiber spool, while a frequency transfer
stability of 2.4 x 107*%/s is achieved by a similar setup except that the laser source is a kHz-level linewidth laser. In the
experiment an Agilent 53232 A frequency counter is applied to record the beat note signal in the auto mode.

In the end, we discuss the possible improvements of the stable laser system, including the miniaturization of the

optical setup, optimization of the control bandwidth and shortening of the response time of control loop.

Keywords: time and frequency, narrow linewidth laser, fiber optical frequency transfer
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