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Abstract
In this work, a passively mode-locked erbium-doped �ber laser with layers of molybdenum disul�de
saturable absorber (MoS2 -SA) immobilized etched single mode �ber (SMF) is developed. MoS2-SA are
synthesized via liquid phase exfoliation then transferred to etched �ber (EF). SA is used to achieve mode-
locked operation in an erbium-doped �ber laser. With a pump power of 250 mW, a repetition rate of 11.07
MHz produces a pulse width of 388 fs and a maximum average output power of 16.9 mW. This work
demonstrates the potential of SA based on EF in C and L band mode-locked �ber lasers.

1. Introduction
Laser communication has garnered considerable attention due to its high capacity, high level of
con�dentiality, and low cost. The most effective method for generating ultrashort pulses in the
communication band is considered to be the passive mode-locked erbium-doped �ber laser [1–3].
Saturable absorber (SA) is a critical component of mode-locked operation in �ber lasers [4–6]. Various
types of SAs have been used in passively mode-locked �ber lasers in the past. Two-dimensional (2D)
materials, such as graphene [7], carbon nanotubes [8], topological insulators (TIs) [9], and other 2D
materials [10–13], are among the most representative and studied. As an ideal and powerful candidate
material for SA, it should exhibit the following properties: controllable modulation depth, a high damage
threshold, broadband saturable absorption capacity, and �ber compatibility [14]. Currently, the most
common method of transferring SA to �ber is via optical �ber patch cords and micro�ber. To increase the
e�ciency of SA transfer, we propose a novel and effective method for fabricating micro�bers with a
controllable core diameter via etching. In comparison to �ame drawing and machine control, this method
has the advantage of being simple to prepare and inexpensive [15]. The LPE technique is used to create
liquid dispersions enriched with a few layer molybdenum disul�de (MoS2) �akes, then that are transferred
to the Etched single mode �ber (E-SMF) and used as the SA to generate mode-locked pulses in an Er-
doped �ber laser. MoS2 has been demonstrated to be suitable for mode-locked �ber lasers due to its
numerous advantages, including switchable bandgap, broadband saturable absorption, increased
nonlinear optic response, and low saturation intensity [16–18]. E-SMF is a low-cost �ber design that
allows for a su�cient amount of nanomaterial coating along the �ber's surface. When a material is
superimposed on the E-SMF, light from the �ber core can couple to the overlay at speci�c resonant
wavelengths depending on its polarization. By etching the optical �ber, it is possible to obtain a more
precise interaction length between SA and light, as well as improved mode locking performance, in
comparison to the more common thin �lm method [19–21]. MoS2 produced via the LPE method is
transferred to E-SMF to form MoS2-SA.

We developed a 1568 nm Er-doped �ber mode-locked laser using MoS2-SA. The corresponding pulse
duration and maximum output power are 388 fs and 16.9 mW, respectively. The experimental results
demonstrate that MoS2-SA immobilized E-SMF has a favorable optical modulation capability.
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2. Fabrication Process Of The Multilayer Mos And Etched Fiber
We produce the E-SMF in this experiment by etching it with hydro�uoric (HF) acid [22]. The diameter of
the optical �ber decreases as it is etched, allowing an increasing number of evanescent waves (EWs) to
escape. To validate the etching experimental results, the diameter of the E-SMF is measured using a
Combiner Manufacturing System (CMS, 3SAE CMS Technologies, USA). The EF was prepared to facilitate
EW interaction between the MoS2-SA and the core light while increasing the SA's damage threshold. The
etching reactor is illustrated in detail in Fig. 1(a).

The �rst step was to fabricate �ve E-SMFs using conventional SMF. The core and cladding diameter of
SMF are 9 µm and 125 µm, respectively. The cladding of 3 cm length of optical �ber section was removed
using an optical �ber stripper. Thereafter, the exposed portion of optical �ber was wiped with a 70%
ethanol solution and then inserted into the center of 0.2 mm �ber groove, ensuring that su�cient �ber
lengths on either side were available for stacking in the apparatus depicted in Fig. 1(a). Then, added 1 mL
HF acid (40% weight concentration) to the etching reactor for different timings. The optical �ber removed
from the etching reactor every nine minutes, wipe it with ethanol solution, and place it in a CMS machine
to determine the optical �ber diameter. As shown in Fig. 1(b), a relationship between HF corrosion time
and optical �ber diameter is obtained. We can easily determine the etching rate from our achieved results.

Liquid-phase exfoliation (LPE) was used to prepare the few-layer MoS2-SA [23]. Typically, 30 mg of MoS2

was added to 10 mL NMP and ultrasonically bathed for 3 hours. The supernatant was collected and
stored at room temperature in the 50 mL glass bottle for subsequent use in the experiment. Following
that, a homogeneous suspension of MoS2 was sonicated for 10 minutes at room temperature using a
high-power ultrasonicator. To avoid overheating, the output power is set to 1000 W, with a 9-second ON
and 6-second OFF cycle. The dissolved solution was then centrifuged at room temperature for 1 hour at
4000 rpm. The supernatant was collected and stored at room temperature in the 50 mL glass bottle for
subsequent use in the experiment.

Raman spectroscopy is a widely used technique for determining the vibration modes of MoS2. Two

distinct characteristic peaks are shown in Fig. 2(a) at 378.9 cm−1 and 409.6 cm−1. According to previous
research, the mode at 378.9 cm−1 is caused by an in-plane vibration associated with Mo and S atoms,
whereas the mode at 409.6 cm−1 is caused by an out-of-plane vibration associated with S atoms. The
spacing between the two peaks was found to be 21 cm−1 for two randomly chosen spots, indicating the
formation of uniform multilayer MoS2 [24]. The atomic force microscope (AFM) was used to characterize
the surface morphology and thickness of the material, and the results are shown in Fig. 2. (b). Comparing
the surface heights of different regions on the MoS2 �lms reveals that the �lm thickness was 8 nm, as
indicated in Fig. 2(b), that corresponds to 10-12 layers in the structure [25]. The linear absorption
spectrum shown in Fig. 2(c) indicates that MoS2 has a �at absorption at 1550 nm.
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MoS2 was immobilized on the �ber structure using a dip-coating technique. The E-SMF were dipped for
20 seconds in 1 mL of MoS2 solution and dried for 2 minutes. These steps were repeated eight times to
ensure uniform coating. Following that, the immobilized �ber was kept in an oven at 50°C for 2 hours to
ensure the robustness of MoS2 -SA. MoS2 �lm is transferred to E-SMF, that has never been done before.
Figure 2(d) shows an optical microscopic image of the boundary of the MoS2 layer. Field emission
scanning electron microscopy (FE-SEM) was used to investigate the morphological properties of the
MoS2 �lm. The image shows that a uniform MoS2 atomic layer is generated by LPE. These shows that
MoS2 is evenly covered on the surface of the optical �ber.

3. Mode-locked Fiber Laser Experiments
We developed a ring �ber laser cavity by inserting the MoS2 ESMF-SA, and the experimental setup is
shown in Fig. 4. The SMF and Er-doped �ber (EDF) have lengths of 12.9 m and 5.7 m, respectively, that
correspond to an overall ring resonator length of 18.6 m and a total net cavity dispersion of -0.21 ps2. The
ring cavity was pumped by a 974 nm laser diode (LD) through a 980/1550 nm wavelength division
multiplexing (WDM) coupler, an 80/20 output coupler (OC) with a 20% output coupling ratio, and a
polarization insensitive isolator (ISO) that ensures the laser operates unidirectionally in the cavity. A
polarization controller (PC) was inserted into the laser cavity to control the polarization state. An optical
spectrum analyzer (YOKOGAWA AQ6370), an autocorrelator (APE pulse check), and a digital oscilloscope
(TEKTRONIX MDO3102) were used to monitor the pulse trains, pulse width, and spectrum of �ber laser.

In the EDF, self-starting mode-locked pulses were successfully generated. Figure 4(a) illustrates the �ber
laser's output characteristics. The typical shape of the soliton pulse spectrum was determined using a
180-mW pump power. The spectrum's central wavelength is 1568 nm, with a 3-dB bandwidth of 4.78 nm.
As illustrated in Fig. 4(b), the repetition rate of the �ber laser was 11.07 MHz, that was determined by the
time interval of the output pulse train with a signal-to-noise ratio (SNR) of 35.9 dB. The measured pulse
duration was well-�t by a Gaussian pulse pro�le, and the autocorrelation trace had a full width half
maximum (FWHM) of 388 fs, as shown in Fig. 4. (c). The average output power of the soliton laser was
plotted as a function of the pump power in Fig. 4(d). When the pump power attained 74 mW, the laser's
continuous wave (CW) operation was initiated. When the pump power was increased further to 150 mW, a
stable and self-starting mode-locked operation was observed and maintained without changing the
polarization controller state. These experimental results con�rmed that the SA nature of MoS2 EF enabled
the �ber laser to operate in a highly stable soliton mode via EW interaction. Additionally, we demonstrated
the long-term viability of the MoS2-SA based on E-SMF.

4. Conclusion
The present work synthesized MoS2 sheets and successfully immobilized the multilayer MoS2 �lm on the
E-SMF without the use of any organic binder. A pulsed Er-doped �ber laser was used to observe saturable
absorption characteristics through MoS2 on E-SMF at 1568 nm. It is demonstrated that a thin �lm of
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MoS2 can be used as a SA in an erbium ring �ber laser cavity operating in the C and L bands. This
experiment generated a soliton pulse with a pulse width of 388 fs and a bandwidth of 4.78 nm at the
center laser wavelength of 1568 nm. We found that the multilayer MoS2 transferred to E-SMF exhibited
extremely reliable SA functionality, enabling the generation of e�cient and soliton-generating pulses in
�ber lasers.
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Figures

Figure 1

Etching reactor and etching rate curve. (a) etching reactor structure (b) relationship between etching time
and optical �ber diameter

Figure 2

(a) Raman spectra of the MoS2 thin �lm, (b) thickness measurements of MoS2 thin �lm through AFM, (c)
absorption spectrum of MoS2 by LPE, (d) SEM image of E-SMF surface transferred silica �lm at 5 μm
scanning scale.

Figure 3

LD, laser diode, 974 nm; WDM, wavelength division multiplexer; EDF, er-doped �ber; ISO, isolator; PC,
polarization controller; OC, optical coupler; SMF, Single mode �ber; MoS2 ESMF-SA, MoS2 etched single
mode �ber saturable absorber; OSA, optical spectrum analyzer.

Figure 4

Dissipative soliton pulses characteristics: (a) optical spectrum, (b) fundamental frequency of RF
spectrum, (c) autocorrelator trace of laser output and �tting Gaussian shape pulse, (d) average output
power versus pump power. Inset of (b) shows typical pulse train of laser output.


