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Abstract— In this paper, we report a MoSe2-PVA based saturable absorber and related exper-
iment results of polarization maintaining Q-switched fiber laser. MoSe2-PVA film is synthesized
by liquid phase exfoliation method and its saturable absorption is measured via a nonlinear
transmission experiment. The result shows that MoSe2-PVA saturable absorber has a modu-
lation depth of 9.8%, which demonstrates its potential for generating pulse laser. We apply
this absorber into a ring-cavity polarization maintaining Erbium-doped fiber laser and obtain
Q-switched pulses under appropriate pump power. Our work demonstrates the reliable nonlinear
optical characteristics of MoSe2 and the feasibility for this 2D material to be applied in the field
of laser optics.

1. INTRODUCTION

Recently, different 2D materials have been researched and deployed in laser. Transitional metal
dichalcogenides (TMDs) are popular among these materials. Remarkable saturable absorption
ability makes them valuable in generating pulsed lasers. MoSe2 is a kind of TMD with a bandgap
of 1.56 eV in monolayer state [1]. In 2014, R. I. Woodward et al. achieved Q-switched pulses with
a MoSe2 saturable absorber [2]. In 2015, Luo et al. reported a MoSe2 soliton fiber laser [3]. In
this paper we will report our research results on MoSe2 and related polarization maintaining (PM)
Q-switched fiber laser. Saturable absorber based on MoSe2-PVA film is fabricated and we use it
to Q-switch a PM Erbium-doped fiber laser and obtain stable pulses. Our work demonstrates the
nonlinear characteristics of MoSe2 nano-sheets and feasibility of its application in laser optics.

2. EXPERIMENT AND RESULTS

The first thing is to fabricate MoSe2 saturable absorber. Here polyvinyl alcohol (PVA) film is
adopted as substrate for the fabrication of saturable absorber (SA) since it is cheap to obtain
and easy to deal with. To fabricate SA, liquid phase exfoliation method is used [4]. Briefly,
5 mg/ml MoSe2 water dispersions are prepared with sodium cholate (SC) as surfactant. 2 mL MoSe2
dispersions along with 10 ml PVA aqueous solution (50 mg/ml) are stirred a day by a magnetic
stirrer. Then the mixture is processed for another 4 hours by ultrasonic water bath device. After
ultrasonic processing, the mixture is transferred to the surface of a clean plastic dish and dried
under 50◦C air condition for 3 ∼ 4 days. The film is cut into small pieces (about 1 × 1 mm) for
experimental usage.

Saturable absorption ability is vital to generating short pulse. To measure saturable absorption
of SA, a standard two-arm experiment is carried out with MoSe2-PVA films. As in Fig. 1(a), a
mode-locked laser with tunable output power is adopted as the source. The output pulses propagate
through a 90 : 10 coupler. 10% optical power is measured by power meter 1 as a reference while
90% optical power passes through MoSe2-PVA films and is measured by power meter 2. A 10-dB
attenuator is applied before the power meter 2 to fit measurement range. The result is shown in
Fig. 1(b). The measured data are fitting with the following formula [5]:

T (I) = 1−∆T × exp(−I/Isat)−Ans (1)

where T is transmittance, ∆T is modulation depth, I is intensity of laser, Isat is saturation power
intensity, Ans is non-saturable absorbance. The modulation depth is 9.8%, saturation intensity is
132.5 MW/cm2, non-saturable absorbance is 39.2%.

To further demonstrate saturable absorption, MoSe2 SA is applied to Q-switch an Erbium-
doped PM fiber laser. The setup is given in Fig. 2. The pump is a 980 nm diode laser with tunable
output power. A 980/1550 nm PM wavelength division multiplexer (PM-WDM) couples the pump
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Figure 1: (a) Setup of nonlinear transmission experiment. (b) Nonlinear transmission experiment result.

Figure 2: Setup of MoSe2 Q-switched Erbium-doped fiber laser. LD: laser diode; PM-WDM: polarization
maintaining wavelength division multiplexer; PM-EDF: polarization maintaining Erbium-doped fiber; PDI:
polarization dependent isolator.

light into ring cavity. A section of PM Erbium-doped fiber (PM-EDF) acts as gain medium. A
polarization dependent isolator (PDI) assures the unidirectional running of laser. A 90/10 PM
coupler extracts 10% optical light out of cavity as the output. An optical spectrum analyzer
(OSA, YOKOGAWA AQ6370C) is used to monitor the optical spectrum. An oscilloscope (Agilent
Technologies, DSO9254A) is used to detect the pulse trains and an electric spectrum analyzer (ESA,
ROHDE & SCHWARZ) is used to measure the electrical spectrum. MoSe2-PVA SA is constructed
by sandwiching 3 pieces of MoSe2-PVA films by a pair of FC/PC connectors.

The laser operates on continuous-wave (CW) mode when pump power is less than 250 mW.
As the pump power increases over 250 mW, the Q-switching operation starts and stable pulses
could be observed. It keeps Q-switching until the power of pump source reaches to its maximum
720 mW. If we remove the MoSe2-PVA films which are sandwiched between fiber connectors, the
laser would work on CW mode no matter what the pump power is. This manifests MoSe2-PVA
films are indispensable to generate Q-switched pulses in this ring-cavity fiber laser.

Output power is dependent on pump power as shown in Fig. 3(a). The output power of Q-
switched pulses can be adjusted from 0.28 mW to 1.79 mW with the change of pump power. Pulse
duration and repetition rate are both pump power dependent. Their relations are shown in Fig. 3(b).
When pump power is tuned from 250 mW to 720 mW, the pulse duration could be tuned from 4.9
to 1.3µs while repetition rate could be adjusted between 45 and 89 kHz.

Figure 4 shows detailed laser parameters which are measured under 700 mW pump power.
Fig. 4(a) depicts the pulse train and 4(b) shows a single pulse profile. The optical spectrum is
shown in Fig. 4(c). Shown in Fig. 4(d), the extinction ratio (with a resolution of 100 Hz) at
fundamental frequency is 44 dBm which means a moderate Q-switching operation stability. It can
be seen there are some spikes exists on the optical spectrum peak which means CW lasing with
different longitudinal modes compete with each other.
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Figure 3: (a) Output power versus pump power. (b) Repetition rate and pulse duration versus pump power.

(a) (b)

(c) (d)

Figure 4: Parameters of Q-switched pulses under 700 mW pump power: (a) Pulse train (with a frequency of
87.7 kHz), (b) single pulse profile (with a pulse width 1.31µs), (c) optical spectrum, (d) electrical spectrum
(inset shows a 44 dB extinction ratio at fundamental frequency).

3. DISCUSSION

MoSe2 has a direct bandgap of 1.57 eV and bulk state has an indirect bandgap of 1.1 eV. Actually,
the central wavelength of output pulse is around 1563 nm which corresponds to 0.79 eV and less
than bandgap value. This might come from sub-bandgap absorption of edge states [6, 7]. As a
similar property and structure compared with MoS2, MoSe2 could show analogous sub-bandgap
absorption. During the fabrication process, we can’t avoid the introduction of defects which results
to defect states [8] and generate optical photons around 1563 nm.
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4. CONCLUSION

In conclusion, we have characterized the home-made MoSe2-PVA film and measured its saturable
absorption ability. The results show that MoSe2-PVA saturable absorber has a modulation depth
of 9.8%, which indicates the potential to generate pulse laser. We insert this SA into a ring cavity
polarization maintaining Erbium-doped fiber laser and obtain Q-switched pulses under appropriate
pump power. Our work demonstrates the reliable nonlinear optical characteristics and the feasibility
for this 2D material to apply in laser optics.
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