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Motivation

1. Characterization of two-dimensional layered nanomaterials
transition metal dichalcogenides (titanium disulfide), exploration of
its nonlinear optical properties and applications in ultra-fast
photonics.

2. Preparation of the titanium disulfide saturable absorber by the
liquid-phase exfoliation and spin-coating methods.

3. Design of passive mode-locked Er-doped fiber laser based on
titanium disulfide saturable absorber and its soliton analysis.



Main idea

1. TiS, is a typical TMD material with layer structure and is
made up of a Ti layer sandwiched between two S layers in an
octahedral configuration.

2. It is of great significance to explore the nonlinear optical
absorption properties of TiS, and expand the applications of TiS,,
in different fields.

3. The saturable absorber based on TiS, was prepared and
applied in ring Er-doped fiber laser to obtain mode-locked pulses.



Sample preparation

The few-layer TiS, was produced from bulk sample by liquid phase
exfoliation method. TiS, powder mixed with 4 wt.% PVA solution to
obtain the TiS,-PVA solution. The prepared TiS,-PVA solution was
spin-coated on a sapphire substrate to format the TiS,-PVA film.
Finally, a 1 mm X1 mm film was cut off and put on the end face of
the fiber ferrule as SA.
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Sample characterization

The surface morphology of samples and the corresponding energy
dispersion X-ray spectroscopy spectrum was characterized. The
results provided that the TiS, nanosheets prepared in the experiment
have a layered structure with high crystallinity.
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Fig. 1 Scanning electron microscopy (SEM) image of TiS, powder (a), energy dispersion X-ray spectroscopy
(EDS) spectrum of TiS; powder (b)



Sample characterization

The transmission of the TiS,-PVA film at the wavelength of 1557 nm
was about 81%. A power-dependent transmission technique was used
to measure the nonlinear absorption properties of the TiS,-PVA film-
type SA. The fitting curve shows that the saturation intensity and
modulation depth are 10.62 MW/cm? and 5.08%, respectively.
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Fig. 3 Linear transmission of the TiS;-PVA film (a) and nonlinear absorption curve of TiS,-PVA SA (b)



Experimental setup

The net dispersion of the Er-doped fiber laser was calculated to be
—-2.75 ps?. A polarization-independent isolator (PI-ISO) to ensure
unidirectional propagation and a polarization controller (PC) were
employed for adjusting the net birefringence. A 10% output
coupler (OC) was used to direct the output signal.
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Fig. 4 Schematic of passive mode-locked fiber laser
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Major results

Conventional mode-locked pulse
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Fig. 5 Typical optical spectrum with obvious Kelly sidebands (a), the relationship between pump
power and average output power (b), output mode-locked pulse train (c), and measured
autocorrelation trace and its fitted curve (d)



Major results

The stability of TiS,-PVA based mode-locked laser
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Fig. 6 Radio frequency (RF) spectrum at the fundamental frequency of 1.716 MHz (a), the higher

harmonics on a span of 100 MHz (b), the change of the optical spectrum under different pump powers
(c), and long-term stability: optical spectra measured at a 0.5 h interval over 3 h (d)



Major results

High energy mode-locked pulse

2.5
-24 = 4.0 -®- Average output power -
r : -m- Pulse energy
B/ES =35 ,'/ L2o
82 = & d
-60 3 % ' _7'/ L15 =
-2E 825 /@ 5
‘a o e F -4 S
\ 5172 £°4V] o) F1.0 o
4358 3, ¢] o’ o
\,Y 3457 § o - o5 &
1 3153 & € 1 0J o _
Il | ‘& Zesl 5
| “ | |||| & <05 e L0.0
1548 1551 1554 1557 1560 1563 1566 & 0.0 2, T T . T
Wavelength (nm) 0 100 200 300 400 500 600
Pump power (mW)
(a) (b)
16 1.4
1.4 582.9 ns 1.24
—> &
~ 1.2 ~ 1.0
s | b |
&, L S 0.8
£ 0.8 = 7ns
w w |
& 0.6 g ° i
E £ 0.4
0.4- :
0.2 0.24
0.0 0.0
700 702 704 706 708 710 700.5 700.6 700.7
Time (s) Time (s)
(c) (d)

Fig. 7 Change of the optical spectrum under different pump powers (a), average output power and pulse
energy performances with the increase of pump power (b), the pulse train at the mode-locked operation
(c), and the corresponding single pulse profile (d)



Major results

The stability of the fiber laser
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Fig. 8 The fundamental RF spectrum of the laser output (a) and the wideband RF spectrum up to 20 MHz (b)



Conclusions

1. The strong saturable absorption of TiS,-PVA SA was demonstrated
employing the liquid-phase exfoliation and spin-coating methods. The
saturation intensity and modulation depth of TiS,-PVA nanosheets
were 10.62 MW/cm? and 5.08%, respectively.

2. We obtained both traditional mode-locked pulse and high pulse
energy mode-locked pulse in an Er-doped fiber laser based on TiS,-
PVA nanosheet.

3. Experimental results revealed that TiS, nanosheets are promising
ultrafast nonlinear optical materials for applications in mid-IR mode-
locked fiber laser.
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