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Abstract We report the experimental observation of harmonic mode locking of
a dual-wavelength all-fiber laser with different repetition rates. Dual-wavelength
mode locking with individual fundamental repetition rates could be generated in the
laser. By adjusting the intracavity polarization controller, harmonic mode locking
of both wavelengths can be generated, and the difference of harmonic repetition
rates is stable. This investigation not only enriches the nonlinear dynamics of mode-
locked lasers, but also has potential applications related to the dual-comb based on
a free-running fiber laser.
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1 Introduction

Passively mode-locked fiber lasers have been investigated intensely, due to their
important applications in many fields. As ultrashort optical pulse sources, they show
the advantages of low-cost, compactness, and stability. In addition, the mode-locked
fiber lasers are ideal platform for nonlinear science investigations [1]. An interesting
phenomenon in passively mode-locked fiber laser is that pulse trains with different
repetition rates can simultaneously exist in a single cavity. In 2008, an all-fiber
bidirectional mode-locked laser was proposed, where the pulses could operate in
both directions since there is no isolator in the cavity [2]. Birefringence-induced
asynchronous pulse trains with different polarization states were also investigated in
fiber lasers. For example, pulse trains with orthogonal polarizations were proposed
in a unidirectional fiber laser [3]. Pulse nonlinear dynamics was also reported in
the fiber lasers with asynchronous pulse trains. Bound solitons was observed in
a bidirectional mode-locked fiber laser [4]. Coexistence of dissipative soliton and
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stretched pulse was reported in a dual-wavelength fiber laser due to the significant
wavelength-dependent net cavity dispersion [5].

Fiber lasers with asynchronous pulse trains have promising applications in many
fields, especially serving as a simple dual-comb source. Sharing the same cavity,
there is inherently mutual coherence between the two pulse trains [2]. Bidirectional
fiber laser was proposed for fiber Bragg grating interrogation, which can be used for
multiplexed static strain sensing [6]. Dual-comb spectroscopies were demonstrated
by use of a free-running bidirectionally fiber laser [7] and a dual-wavelength fiber
laser [8], respectively.

Mode-locked fiber lasers usually generate multiple pulses due to wave breaking.
An interesting and special regime ofmultiple pulse is passive harmonicmode locking
observed in 1993 [9], where all the output pulses are equally separated and the pulse
repetition rate ismultiple of the fundamental repetition rate. For the applications such
as dual-comb distance measurement, the increases of repetition rate will improve the
performance, e.g., shortening the refresh time.

In this paper, harmonicmode locking is investigated in a dual-wavelength all-fiber
laser with asynchronous pulse trains. The difference of repetition rates is larger than
the case operating with fundamental repetition rate. Further measurement shows that
the difference of repetition rates is stable.

2 Experimental Setup

Figure 1 shows the experimental setup. The fundamental repetition rate is ~39 MHz.
The laser is passively mode-locked by the combination of nonlinear polarization
ration (NPR) and carbon nanotube (CNT). The CNT, placed between two fiber
ferrules to form a saturable absorber, mainly contributes to the mode locking.
Meanwhile, two polarization controller (PCs) and a polarization-dependent isolator
(PD-ISO) form NPR, assisting the mode locking.

Fig. 1 Schematic of the
experimental setup. WDM,
wavelength division
multiplexing; EDF,
erbium-doped fiber; PC,
polarization controller;
PD-ISO,
polarization-dependent
isolator; CNT-SA, carbon
nanotube saturable absorber;
OC, optical coupler
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Fig. 2 Repetition rates drift
and difference (� f ) of the
asynchronous pulse trains in
the dual-wavelength
mode-locked fiber laser with
harmonic mode locking

3 Experimental Results

By properly setting the PCs, mode locking (with single pulse train) can be achieved at
two different central wavelengths, respectively. Furthermore, dual-wavelength mode
lockingwith individual fundamental repetition rates (around39MHz) could begener-
ated in the laser. In the case of dual-wavelength mode locking, by further adjusting
the PCs, up to several tens order harmonic mode locking at one of the wavelength
could occur, while the other wavelength keeps operating at fundamental repletion
rate. More interestingly, harmonic mode locking of both wavelengths can also be
generated, which double the repetition frequency difference of that at fundamental
repetition.

To investigate the stability of the dual-comb based on the dual-wavelength fiber
laser, the difference of two repetition rates of harmonic mode locking are measured
in a period of time. As shown in Fig. 2, the repetition rates (twice of the fundamental
repetition rate) of the two wavelength drifts in similar tendencies, which results in a
small drift of � f with standard deviation of 5 Hz.

4 Conclusion

Benefiting from the saturable absorption mechanism provided by the combination of
CNT and NPR, harmonic mode locking of asynchronous pulse trains with different
wavelengths is achieved in an all-fiber laser. The stability of the repetition rate differ-
ence is experimentally confirmed, the standard deviation of which is about 5 Hz. Our
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work provides a potential way to enlarge the repetition rates, as well as the differ-
ence of repetition rate, of dual-comb based on a single cavity, which may benefit the
applications of dual-comb.
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