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Mode-locked fiber lasers that can simultaneously generate two asynchronous ultrashort pulse trains could play an
attractive role as the alternative light sources for low-complexity dual-comb metrology applications. Although a
few multiplexing schemes to realize such lasers have been proposed and demonstrated, here we investigate the
lasing characteristics of a passively mode-locked fiber laser with a finite amount of intracavity birefringence. By
introducing a section of polarization-maintaining (PM) fiber into the otherwise-non-PM-single-mode cavity, dual
asynchronous pulses with nearly orthogonal states of polarization are generated. With a repetition rate difference
of hundreds of hertz, the pulses have well-overlapped spectra and show typical features of polarization-locked
vector solitons. It is demonstrated that under an anomalous or net normal dispersion regime, either dual vector
solitons or dual dissipative vector solitons can be generated, respectively. Such polarization-multiplexed single
single-cavity dual-comb lasers could find further uses in various applications in need of simple dual-comb system
solutions. © 2018 Chinese Laser Press
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1. INTRODUCTION

Two optical frequency combs with slightly different comb-
tooth spacing can enable a number of dual-comb metrology
applications [1], such as high-resolution spectroscopy and rang-
ing. Because the traditional implementations based on two
frequency-stabilized ultrafast lasers [2] are considered by many
as overly complicated or technically challenging, the efforts to
simplify such systems have intensified in the past few years.
Using two free-running mode-locked lasers, digital phase
correction algorithms or adaptive-sampling data acquisition
systems can compensate their repetition rate drifts [3,4]. It was
also found that sharing one common optical parametric oscil-
lator cavity for wavelength-conversion of the pulses from two
free-running seed lasers could improve the dual-comb spectros-
copy measurement performance [5] by reducing the random
drifts in two cavities. The outputs from two mode-locked wave-
guide lasers [6] or nonlinear microresonators [7] fabricated and
operated on the same chip had been shown to possess sufficient
mutual coherence for certain dual-comb applications with large
comb-tooth spacing. Two electro-optic combs seeded by one
continuous-wave (CW) laser followed by nonlinear spectral
broadening had been applied to spectroscopic measurement

by setting slightly different modulation frequencies [8]. While
having flexible choices of the center wavelength and comb-
tooth spacing, a compromise between their comb-tooth spacing
and spectral bandwidth could exist.

Generating dual-comb pulses directly from one seed cavity
instead of two, however, seems to be an attractive and prom-
ising approach because of the possible higher degree of mutual
coherence between the pulses. There had been increasingly
strong interest in realizing such a single-cavity dual-comb
source (SCDCS) on various laser platforms. Several schemes
of generating asynchronous ultrashort pulses from a mode-
locked fiber laser have been demonstrated by leveraging dual-
wavelength [9], bidirectional [10–12] lasing, or nonlinear
pulse-shaping mechanisms [13]. Dual-comb pulse generation
had also been realized in a bidirectionally oscillating Ti:sapphire
laser [14] as well as a bidirectionally pumped microresonator
[15]. Orthogonally polarized dual-comb generation was also
achieved in a semiconductor disk laser by spatially separating
the beam paths in the cavity with a birefringent crystal [16].
Such SCDCSs with asynchronous pulse emissions had demon-
strated their potential in several dual-comb applications as
simple, alternative dual-comb sources [17–21]. Among them,
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fiber lasers with low complexity and high energy efficiency have
relatively small comb-tooth spacing and potentially large spec-
tral coverage.

Besides the aforementioned dual-comb fiber lasing schemes,
the laser source with polarization-multiplexed outputs could
generate dual pulses with orthogonal polarization states in
the same spectral window [22,23]. In contrast to the so-far
mostly investigated dual-wavelength SCDCS for dual-comb
applications, its output can be spectrally coherent and
have no inherent bandwidth limitation. Whereas polarization-
maintaining (PM) fiber lasers emit light at one polarization,
there have been numerous studies on the state of polarization
of pulses generated by traditional mode-locked fiber lasers con-
sisting of standard single-mode fibers (SMFs). It has been
shown that vector soliton or dissipative vector soliton can be
generated under anomalous or normal net cavity dispersion,
respectively, in such a fiber laser with weak intracavity birefrin-
gence (mostly introduced by the residual fiber/component
birefringence in the cavity) [24–27]. Synchronous oscillation
of more than one vector solitons with orthogonal state of polari-
zation had been also observed, likely due to the spatial gain hole
burning effect in the laser [26].

In this paper, we demonstrate a simple yet effective scheme
of polarization-multiplexed, asynchronous pulse generation
from a fiber laser. It is demonstrated that both vector solitons
and dissipative vector solitons with a small repetition rate differ-
ence can be obtained from the laser under either negative or
positive net cavity group velocity dispersion (GVD).

2. EXPERIMENTAL SETUP

In contrast to the traditional SMF laser or the PM one, our laser
configuration is based on a partially birefringent design. The
setup of the dual-comb mode-locked laser shown in Fig. 1 con-
sists of an all-fiber ring configuration where the pulses would
propagate over a completely common-path route in the cavity
instead of a partially shared one. To enable dual-comb lasing, a
section of PM fiber (PMF) (0.30 m long in this case, with a beat
length of ∼4 mm ) is placed in the ring, which introduces some
limited but considerable birefringence that can result in signifi-
cant group velocity difference for pulses with different states of
polarization. It plays a critical role to enable forming multiple
asynchronous vector solitons simultaneously. The rest of the
ring consists of a 0.38 m long piece of erbium-doped fiber
(EDF, Fibercore Er110) forward pumped by a 980 nm pump
diode through a wavelength division multiplexer (WDM) with
a 0.31 m long Hi1060 pigtail in the laser cavity. A polarization-
independent isolator (ISO) and a polarization controller (PC)

are used to ensure the unidirectional operation and control the
polarization evolution, respectively. A single-wall carbon nano-
tube saturable absorber (SWNT-SA) fabricated by the optical
deposition method is used to enable mode locking. The dual
combs are coupled out of the laser by an optical coupler (OC).
For polarization-resolved measurements of the laser output, a
polarization beam splitter (PBS) following a PC is used to split
the light into two arms, denoted as Pol-1 and Pol-2. A PC is
used to adjust the alignment of the output’s state of polarization
to the axis of the PBS.

To investigate dual-comb generation under different
dispersion regimes, the net dispersion can be adjusted. When
the total length of SMF in the cavity is ∼3.64 m, the net cavity
GVD is estimated to be −0.084 ps2. Here, the GVD param-
eters of EDF, Hi1060, PMF, and SMF at 1550 nm are esti-
mated as 12.2, −7.0, −23.8, and −21.7 pm2∕km, respectively.
The net negative GVD can lead to soliton operation. By adding
a section of 2.09 m long dispersion compensating fiber (DCF)
(GVD ∼48.5 pm2∕km) with a 0.24 m long SMF pigtail, the
net cavity GVD can be shifted to ∼0.013 ps2 that could enable
dissipative soliton generation.

3. EXPERIMENTAL RESULTS

First, when the laser is operated with the anomalous net GVD,
the laser starts self-mode locking at ∼69 mW pump power.
After the pump power is increased to ∼91 mW, by properly
adjusting the intracavity polarization state, an additional pulse
train can be observed on an oscilloscope (Agilent MSO 7054A)
following the 1 GHz bandwidth fast photodetector. Figure 2(a)
shows an oscilloscope screenshot when the laser output is mea-
sured by the photodetector directly. Within the 100 μs time
window, the temporal separation between pairs of pulses in
the zoom-in waveforms at each end changes by more than
1 ns. This indicates that the pulses have slightly different rep-
etition rates, which is further validated by later measurements.

The optical spectrum of the laser output now still has a sol-
iton shape with two side peaks often seen in vector solitons, as
shown in Fig. 2(b). When measured with the photodetector
and a radio frequency (RF) spectrum analyzer (Agilent E4404B),
two frequency components at 44.102951 and 44.103377 MHz,
respectively, can be observed around 44.1 MHz, which corre-
sponds to the cavity length, as seen in Fig. 2(c). This further dem-
onstrates that, in contrast to the synchronous pulses observed
in Ref. [26], two generated pulse trains have stable but different
repetition rates. A 426 Hz repetition rate difference can be ob-
served between them. We note that such asynchronous pulse
lasing had not been observed when the PMF is absent in the
cavity. To further characterize the laser output, it is separated
by the external PBS into two. By adjusting the PC before the
PBS to maximize the RF signal at the lower repetition frequency
for Pol-1, it can be seen that the higher frequency signal is cor-
respondingly suppressed by more than 20 dB but not eliminated.
Under this condition, the RF signal observed at Pol-2 port has the
other frequency maximized, as in Fig. 2(c). This indicates that two
pulse trains could have close-to-orthogonal states of polarization,
although neither is linearly polarized. The temporal shapes of the
pulse trains obtained from the oscilloscope are shown in Fig. 2(d).
They have uniform amplitudes with negligible pulse-to-pulse

Fig. 1. Schematic of the polarization-multiplexed, dual-comb fiber
laser.
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modulation [26]. This suggests that both pulses could be
polarization-locked vector solitons.

The optical spectra measured at Pol-1 and Pol-2 are also
shown in Fig. 2(b). It can be observed that their optical spectra
have quite similar shapes, except some small spectral features.
The center wavelengths of Pol-1 and Pol-2 are around 1558.9
and 1558.7 nm, which are offset by only ∼0.2 nm. Their 3 dB
spectral bandwidths are similar as well, 3.2 and 3.4 nm, respec-
tively, and their output powers are 635 and 490 μW. The pres-
ence of small peaks/dips pairs in the spectra, such as the one
around 1570 nm with different shapes, is a typical feature for
vector solitons, due to coherent energy exchange between dif-
ferent field components. The autocorrelation (AC) traces of the
dual pulses are also measured by a home-built autocorrelator
and shown in Fig. 2(e). Their 3 dB pulse width is ∼804
and 713 fs, respectively, if a sech2 pulse shape is assumed.
Considering the spectral bandwidth, it is believed that the laser
is operated in a dual vector soliton (DVS) state generating two
asynchronous vector soliton sequences with nearly orthogonal
polarizations.

Furthermore, it is observed that the repetition rate differ-
ence Δf rep can be varied by tuning the intracavity PC.
Figure 3 shows the RF and optical spectra when Δf rep is tuned
from ∼228 to 773 Hz. As the center wavelength separation of
the pulses only slightly varies, the tuning of Δf rep is believed
to be mainly due to the change in the composite birefringence
in the cavity considering the existence of birefringence intro-
duced by components like the ISO. This can also be seen as the
position of two side peaks on the optical spectra shifts accord-
ingly. It is noted that when the PC is adjusted to further lower
Δf rep, dual-comb lasing will stop with only one pulse sequence
left to oscillate.

The ability to maintain good stability in the repetition rate
difference is critical for many potential dual-comb applications
[14,20]. Figure 4 shows the monitored repetition rates and
their difference. Δf rep is set at ∼578 Hz in this case. Whereas
the pulse repetition rates from the free-running laser drift
noticeably as expected, Δf rep remains steady with a root-
mean-square of only 38 mHz.

When the net dispersion of the laser is changed to normal by
the application of DCF as described in Section 2, two asynchro-
nous pulse trains can also be generated, when the pump power
is set above ∼73 mW. The spectra of the dual-comb output
shown in Fig. 5(a) now have a shape typical to dissipative sol-
itons. Their bandwidths of Pol-1 and Pol-2 are 5 and 4.1 nm,
respectively. They still show similar polarization and temporal
characteristics based on Figs. 5(b) and 5(c). The repetition rates
are 29.445086 and 29.445341 MHz with a Δf rep of 255 Hz,
respectively, due to the increased cavity length. Like many other

Fig. 2. (a) Oscilloscope trace, (b) optical spectra, (c) RF spectra,
(d) oscilloscope traces of two polarizations, and (e) AC traces, of
the dual pulses when the laser operates at the DVS state.

Fig. 3. (a) RF spectra and (b) optical spectra when the repetition
rate difference is varied.

Fig. 4. Monitored repetition rates and their difference of the laser
output.
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dissipative soliton lasers, it is not possible to directly measure
their AC at the laser output. After transmitting through 130
and 180 m SMF, respectively, 1 and 1.3 ps wide AC traces
(assuming sech2 shape) are obtained after compression [see
Fig. 5(d)]. This shows the strong chirp of the pulses from
the laser. Therefore, it is believed that polarization-multiplexed,
dual dissipative vector soliton (DDVS) generation is realized
from this net normal dispersion fiber laser setup.

4. CONCLUSIONS

We propose and demonstrate that polarization-multiplexed
SCDCS can be realized by a mode-locked fiber laser with
non-negligible birefringence. A relatively small repetition rate
difference around a few hundreds of hertz could be observed,
which can be dynamically tuned. As it is shown that under dif-
ferent dispersion regimes, dual-comb pulses sharing the same
spectral window could be generated with different optical band-
widths and pulse widths, it could be possible to further explore
direct generation of dual-comb pulses with further increased
bandwidths through intracavity dispersion design. Due to its
similarity to the widely studied fiber ring lasers, this simple
and easy-to-implement laser configuration could be further
applied to dual-comb applications.
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