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laser has a ring configuration wifts m of polarization
Abstract maintaining Erbium-doped fiber (PM-EDF) servingaas

We report the phenomenon of subharmonic locking @fain medium. The birefringence of the cavity is mhai
an active mode-locked birefringence fiber lasere Thcaused by this PM-EDF. The PM-EDF is pumped by a
beating between two sets of modes in the birefringe9g0 nm laser diode through a WDM coupler. An isolator
cavity causes pulse dropping and forms the pulempa integrated in the WDM ensures unidirectional lasiAg
of 0101 or 00010001, which results in the reductbn thin-film 1.2 nm tunable optical bandpass filter is used
pulse repetition rate to a half or a quarter of theyr tuning the lasing wavelength. A LiNgOMach-
modulation frequency. This phenomenon demonstratgghnder intensity modulator (MZIM) is used to prwi
the dynamic evolutionary property of the active ®od a periodical loss in the ring and hence force #sei to
locked fiber laser. be mode locked. The modulator is driven by a
1. Introduction microwave signal extracted from a signal generatbe

Active mode locking has attracted widesprea@olarization controller (PC) is used to adjust the
attention in recent years due to its potentialrotipcing  polarization state of the lightwave signal travglin the
short and high repetition rate pulse sequencetifoimg ring. The optical signal in the ring is coupled tte
jitter and ease of synchronization to a stabletee®  output port through a 70:30 coupler.
clock signal [1, 2]. Although tremendous investigas
have been performed to explore mode locking
mechanisms and applications for various mode-locked
fiber lasers [3, 4], the dynamic behavior of actinede-
locked fiber laser is still not fully understood.

Recently, we reported the generation of dual
amplitude pulses in an active mode-locked fibeerdas
within a birefringent cavity[5]. Different to norrha
mode-locked pulses with identical amplitude and
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The demonstrated phenomenon is useful fa. Resultsand discussion

understanding the polarization dynamic of activedeso ~ The total length of the cavity is abo28.5 m which

locked fiber laser and for developing highly staligfit corresponds to a fundamental frequengyof 6.923

source for future optical networks or sensoMHz The modulator is biased at the quadrature point.

applications. The central wavelength of the filter 650 nm. The

2. Experimental setup modulation frequency is 2.997668 GHz which

Fig 1 shows the experimental setup of an activeorresponds to the resonance of #83" harmonic.

mode-locked fiber laser with a birefringence cavithe When the polarization controller is adjusted at an
appropriate position, we observed on the oscillpsca
well defined mode-locked pulse train as shown ig Fi
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2a. Starting from this setting, we recorded thelian _ _ D_ _ _D. This results in subharmonic lockingraf
of the pulse train while rotating the middle platethe laser to a quarter of the modulation frequency.
polarization controller. The phenomenon can be explained due to the beating
Remarkable frames extracted from the video file areetween different modes simultaneously oscillating
presented in figs 2a — 2d. It can be seen fron2lfighat the laser cavity. In a birefringence cavity, thare two
underfoot appear at every alternative pulse posiéie cavities, one with a fundamental frequency gf, fthe
the polarization controller is rotated. Pulseshia pulse other with fy. Thus there are two sets of modes
train is no longer unified but divided into two gms, oscillating inside the laser cavity. With propettisg of
denoted group A and B respectively. Pulses in gfdup the PC, those two sets may oscillate independently
are gradually dropped out when the PC is rotatewl A mutually couple energy from one to another and beat
finally, all pulses of group B are dropped and plidse  with each other inside the cavity. The independent
train consists of pulses from group A only (seed@. oscillating of the two sets causes the dual paéon
The repetition rate of the pulse train is half bkt states locking, which has been reported in [5]. In
modulation frequency, subharmonic locking occurss | contrast, the beating of the two sets may change th
noted that the amplitude of the pulse in this case pattern of the pulse train through pulse droppind a
nearly double that of the normal locking case sittee causes the laser operate at repetition rate |dveer the
energy of the dropped pulses are transferred to theodulation frequency, i.e. subharmonic locking.
remained pulses. Further rotating of the PC redults 4. Conclusions
dropping of pulses in group A as shown in fig 2d. By employing a birefringent ring cavity and proper
controlling the polarization state of the lightiohss the
P Y . laser, we have generated a pulse train with a itepet
(a) E rate at half or a quarter of the modulation freqyen
~ This subharmonic locking comes from the pulses

SRR 5 : - dropout due to beating between modes simultaneously
yU§ {\m ) ‘ . oscillating in the cavity.
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Pulse dropout and subharmonic locking were also
observed when the modulation frequency increased to
6.009125 GHz. However, the pulse pattern in thieca
is ABCDABCD. The pulses are also gradually dropped
as the PC is rotated. The evolution of the pula@ tis
as follow: ABCDABCD, BCD_BCD, _ _CD_ _CD, _
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