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Materials in the transition metal dichalcogenide family, including WS2, MoS2, WSe2, and MoSe2, etc., have
captured a substantial amount of attention due to their remarkable nonlinearities and optoelectronic properties.
Compared withWS2 and MoS2, the monolayered MoTe2 owns a smaller direct bandgap of 1.1 eV. It is beneficial
for the applications in broadband absorption. In this letter, using the magnetron sputtering technique, MoTe2 is
deposited on the surface of the tapered fiber to be assembled into the saturable absorber. We first implement the
MoTe2-based Q-switched fiber laser operating at the wavelength of 1559 nm. The minimum pulse duration and
signal-to-noise ratio are 677 ns and 63 dB, respectively. Moreover, the output power of 25 mW is impressive
compared with previous work. We believe that MoTe2 is a promising 2D material for ultrafast photonic devices
in the high-power Q-switched fiber lasers.
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Q-switched fiber lasers have been extensively applied in
optical telecommunications, environmental sensing, and
industrial processing due to their characteristics of narrow
pulse duration and high peak power[1–4]. Employing
saturable absorbers (SAs) as optical modulator devices
is a preferred implementation method for the passively
Q-switched system because the quality factor Q of the
optical resonance can be expediently regulated by the
intensity-dependent nonlinearity of SAs. At present, semi-
conductor saturable absorber mirrors (SESAMs) are the
mature SAs in commercial applications due to the precise
control of the absorption wavelength, saturation thresh-
old, modulation depth, and relaxation time[5]. However,
limited bandwidth and high cost become the problems
to be solved, which partly restricts the further develop-
ment of SESAMs[6]. Graphene, as one of representative
two-dimensional (2D) nanomaterials, shows extraordi-
nary talents in fiber lasers because of its ultrafast recovery
time, high damage threshold, and broadband absorption
properties[7–9]. Inspired by graphene, the topological
insulators are also found to be excellent saturated absorp-
tion materials[10,11]. They have a great advantage in the
regulation of light due to their large modulation depth.
Black phosphorus has a direct bandgap from 0.3 eV
(body structure) to 1.5 eV (single layer)[12,13]. The direct
bandgap structure can guarantee ultrafast electronic
relaxation, and it is especially beneficial to the field of
ultrafast photonics and high-frequency optoelectronics[14].
Gold nanorods have the advantages of high nonlinear

coefficient, good optical fiber compatibility, ultrashort
response time, and easy preparation. Therefore, the SAs
based on gold nanomaterials have also attracted much
attention[15].

Meanwhile, investigations on transition metal dichalco-
genides (TMDs) are emerging at a fast pace because of
their preeminent nonlinear effects and physical proper-
ties[16–20]. In TMDs, the atoms in-plane are covalently
bonded, while the atoms between each layer are connected
by weak van der Waal forces, which is beneficial to the
exfoliation of few-layer nanosheets[21]. In the past few
years, WS2 has been employed for the generation of ultra-
short optical pulses and exhibited large second-order non-
linear susceptibility[22–25]. MoS2, as the analogue of WS2,
is also proved to have saturable absorption properties.
Moreover, MoS2-based Q-switched and mode-locked fiber
lasers have been implemented at 1, 1.5, and 2 μm. Those
properties indicate that WS2 and MoS2 can be both
used as broadband SAs[26–29]. The further explorations of
WSe2 and MoSe2 are also gradually strengthened and
developed[30]. The substantial researches on the members
of the TMD family indicate that they all exhibit broad-
band absorption properties and have a great potential
in electrooptic applications, which paves the way for
the exploration of new members of the TMD family.

Recently, the preparations and electrooptic properties
of MoTe2 have been reported[31–34], but the applications
in Q-switched fiber lasers have hardly been realized.
The layer-dependent bandgap is the typical feature of
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TMDs. When the MoTe2 is changed from bulk to a
single layer, the band structure is transformed from an
indirect bandgap into a direct bandgap. Theoretically,
the bandgap and saturable absorption bandwidth are
inversely proportional. The direct bandgaps of monolay-
ered WS2, MoS2, WSe2, and MoSe2 are 2.1, 1.8, 1.65,
and 1.57 eV[35], and the bandgap of monolayer MoTe2 is
1.1 eV, which means the MoTe2 is more likely to be a
broadband SA in the TMD family[36,37]. This bandgap is
suitable for applying in the near-infrared band. Moreover,
compared with MoS2 and WS2, MoTe2 has a higher con-
ductivity, which may help to accelerate the relaxation
process[38].
Here, we implemented the MoTe2-based Q-switched

erbium-doped fiber laser for the first time. The magnetron
sputtering process is adopted to deposit layered MoTe2
material on a tapered fiber. The evanescent field appearing
at the tapered region of the fused single-mode fiber plays a
great role in the interactions with MoTe2. This type of
reaction depresses the intensity of the light in the MoTe2
and avoids the damage to the material. When the pump
power is regulated to the maximum value (630 mW),
the shortest pulse duration and pulse energy of generated
Q-switching pulses are 677 ns and 109 nJ, respectively. The
corresponding average output power is 25 mW. The exper-
imental results here indicate that the layered MoTe2 is a
potential optical modulator device for realizing high-power
laser pulses in the nanosecond regime.
Generally speaking, the incorporation schemes of SAs

are divided into the following categories: reflection type,
embedded system, and side-polished/tapered fiber. The
interaction length of the two former ones is short. More-
over, the lights penetrate the material directly in the
former two types. Therefore, we consider that the tapered
fiber is a proper scheme for our experiment. The fused
taper fiber with a 9 mm stretched area and a 15 μm diam-
eter is adopted in the preparation process. The utilization
of the evanescent field of the tapered fiber prevents the
MoTe2 SA from thermal damage.
With the help of the magnetron sputtering technique,

MoTe2 is successfully deposited on the surface of the
tapered fiber. In detail, the fused taper fiber and MoTe2
target are placed in a vacuum chamber, the pressure of
which is reduced to 3 × 10−3 Pa by a molecular pump.
After the bombardment of argon ions, MoTe2 molecules
dissociate from the surface of the target, and then deposit
on the surface of the tapered fiber. With the advantages of
good uniformity, high compactness, strong interfacial adhe-
sion, and low cost, the magnetron sputtering technique is
advantageous for massive manufacturing. To get the films
with different thicknesses, the sputtering time is the main
parameter of regulation. The sputtering time of preparation
is 2 min. A scanning electron microscope (SEM) is used to
observe the thickness and distribution of the material.
As shown in Fig. 1(a), the thickness of MoTe2 is 21 nm.
From the inseparable arrangement of the MoTe2 molecules
in Fig. 1(b), we can see that its compactness is relatively
satisfactory.

We also characterized the saturable absorption proper-
ties of the material by the balanced twin-detector method.
The laser source applied in measurement operates at
1550 nm. The shortest pulse duration and repetition rate
are 185 fs and 73 MHz, respectively. The principle of this
method is to divide the light from the pump source into
two parts with the same intensity. Half of the light passes
through the SA, and the other half is measured directly.
The ratio of the two can reflect the modulation depth of
MoTe2 SA. The fitted modulation depth, saturable inten-
sity, and nonsaturable loss are 17.47%, 26.453 MW∕cm2,
and 65.95%, respectively, as shown in Fig. 2.

To observe the performance of the prepared MoTe2 SA,
a typical ring resonator is constructed as shown in Fig. 3.
The central wavelength and maximum output power of
the adopted pump are 976 nm and 630 mW, respectively.
By pumping through a 980/1550 nm wavelength division
multiplexer (WDM), the light excites the energy level
transitions in 40 cm long erbium-doped fiber (EDF)
(Liekki 110–4/125) to achieve the amplification of optical
pulses. 20% of the magnified light is exported through a
two-exit optical coupler (OC) to realize the real-time de-
tection of pulses. To get the optimal performance of pulses
and balance the polarization state in the cavity, the polari-
zation controller (PC) is employed after OC. Owing to the
filtering capabilities of the isolator (ISO), the light in the
cavity propagates only in a specific direction. The MoTe2
SA is the main nonlinear device in the laser that

Fig. 1. SEM pictures. (a) Side elevation of the tapered fiber de-
posited by MoTe2. (b) The magnified morphology of materials
on the optical fiber surface.

Fig. 2. Saturable absorption characteristics of the MoTe2 SA.
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compresses the pulse energy into a narrower time range.
The pulse train is constantly detected by a 500 M digital
phosphor oscilloscope (Tektronix DPO 3054). The optical
spectrum analyzer (Yokogawa AQ6370 C) is used to ob-
serve the wavelength of the laser. To check the stability of
the whole system, a radio frequency (RF) spectrum ana-
lyzer is used to measure the signal-to-noise ratio (SNR) of
the pulse.
The self-starting threshold of Q-switched operation is

225 mW. With the increase of the pumping intensity,
the laser always maintains a stable operation, as presented
in Fig. 4(a). The uniform intensity and smooth waveform
of the pulse strings indicate that the MoTe2 has a certain
ability to restrain noise. In Fig. 4(b), the pulse has the
shortest pulse duration of 677 ns, with an almost symmet-
ric Gaussian distribution. We believe that the pulse dura-
tion can be further narrowed under a higher power
intensity. According to the inherent characteristics of
the Q-switched system, the pulse duration is related to
the power intensity. As we know, it is well grounded to
reflect the stability of the laser by the intensity of the
SNR. The RF spectra of two ranges are both measured
in Fig. 4(c). The downward trend in the RF spectra over

a wide range indicates the generation of fundamental and
harmonic frequencies. Obviously, there are no frequency
components of interference. At a narrower span of
500 kHz and a smaller resolution bandwidth (RBW) of
10 Hz, the SNR is measured over 63 dB, which confirms
that the Q-switched operation is relatively stable. From
Fig. 4(d), we can see that the operating wavelength of
the laser is 1559 nm and the spectral width is 0.19 nm.

The power-dependent pulse duration and repetition
rate are the typical inherent features of the Q-switched
system. Therefore, we get the frequency tuning range
and the variation of the pulse duration of the laser by regu-
lating the pump intensity. As presented in Fig. 5(a), when
the pump power increases from 225 mW to 630 mW, the
repetition rate increases tremendously from 148 kHz to
228 kHz. It is worth mentioning that the growth is homo-
geneous. This is beneficial to the control of the repetition
rate of the laser. Although the variation of the pulse du-
ration is not strictly linear, the overall trend is decreasing.
The different rates of decline in the low-power region and
high-power region reveal the saturable absorption of the
MoTe2 SA. The SA at high power is almost at the satu-
ration state and responds insensitively to the change of the
power. Change of the power and energy of the optical
pulses coincides with the trend of pump power. From
Fig. 5(b), the maximum power and energy of the optical
pulses are 25 mW and 109 nJ, respectively. The damage
threshold of the MoTe2 SA is about 61.7 mJ∕cm2.

In the experiment, we realized the Q-switched pulse
output based on the MoTe2 at the wavelength of
1559 nm. This kind of near-infrared band is widely applied
in optical communication. In Table 1, we compared
the performances of different SA-based Q-switched fiber
lasers implemented near 1550 nm. Compared with the
Q-switched fiber laser based on other SAs, we find that
the Q-switched fiber laser based on the MoTe2 SA has
a prominent performance in terms of high output power.
We believe that higher output power may be obtained if
the cavity loss is further reduced and the pump power is
increased. Moreover, due to the smaller bandgap of
MoTe2, it will maintain the saturable absorption charac-
teristics of light in a wider bandwidth range.

In this letter, we have achieved the MoTe2-based
Q-switched fiber laser for the first time. The method for
manufacturing the MoTe2 SA with fused taper type is
magnetron sputtering technology. The experimental

Fig. 4. (a) Pulse distribution. (b) Single pulse duration. (c) RF
spectra at two ranges. (d) Spectra at different power levels.

Fig. 5. (a) The pulse duration and repetition rate. (b) The trend
curves of output power and pulse energy.

Fig. 3. The experimental arrangement of the MoTe2-based pas-
sively Q-switched erbium-doped fiber laser, which includes
pump, wavelength division multiplexer (WDM), erbium-doped
fiber (EDF), optical coupler (OC), polarization controller
(PC), isolator (ISO), and molybdenum ditelluride saturable
absorber (MoTe2 SA).

COL 16(2), 020007(2018) CHINESE OPTICS LETTERS February 10, 2018

020007-3



results show that the shorter pulse duration and SNR are
677 ns and 63 dB, and the tuning range of the repetition
rate is 148 to 228 kHz. It is worth mentioning that the
output power of the pulse is 25 mW. The results prepare
ultrafast photonic devices for fiber lasers with MoTe2.
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