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Pulse width of pulsed laser determinates their applications. For the long pulse laser with μs or ns pulse 

width, it can be used for telecommunication, remote sensing and medical surgery. For the ultrashort pulse 

laser with ps or fs pulse width, it can be used for eye-surgery, precise micro- or even nano-machining on 

transparent material [1] and novel 3D hologram formation [2]. The saturable absorber (SA) is the crucial 

optical component that switch the laser operation from CW mode to pulse mode passively. Therefore it attracts 

great research interests from the laser photonic community.  

Compared with zero bandgap graphene, 2D layered transition metal dichalcogenides, TMDs, e.g. MoS2 

and WS2 offers a wide range of intrinsic open band gap structure and favourable electrical and providing 

strong interaction with light at specific wavelength range. Its bandgap changes from indirect to direct bandgap 

semiconductor as it is getting thinner. It has tuneable optical properties [3] and offering great potential for 

electronic and optical devices e.g. transistors [5], optical limiter [3-4], solar cells [6] etc.  

Recently the mode locking operation has been demonstrated by using MoS2 based saturable absorber in 

Yb and Er fibre laser systems to generate ultrafast pulses operating at ~1m [7] and ~1.5m [8-10]. However, 

due to the limitation of fibre structure, the laser output power is limited to several mW . In crystal based laser 

system, only Q-switching operation was demonstrated by using MoS2, but without mode locking performance. 

The WS2 have also been used to generate mode locking and Q-switching pulses in fibre laser system [11-13]. 

 In this study, we used the MoS2-SA sample fabricated by Atmospheric Pressure Chemical Vapor 

Deposition (APCVD) and WS2-SA sample fabricated by Radio frequency Magnetron Sputtering deposition 

to generate laser pulses in the diode pumped Nd:YVO4 crystal laser system. The Raman measurement of the 

MoS2-SA and WS2-SA sample is shown in Fig 1(a) and (b), respectively, which proved the successful control 

of the crystallization state of the SAs by two different deposition methods. By using the WS2-SA, we had first 

demonstrated the Q-switched Nd:YVO4 laser operation with few micro-seconds pulse width with higher 

output single pulse energy compared to the Q-switching pulses generated from the other fibre laser systems 

[12-13]. For the MoS2-SA, we also observed the modulation phenomenon when installing the MoS2-SA in the 

specially designed mode lock cavity as shown in Fig. 2.  

 
 

Fig. 1  Raman spectrum of (a) MoS2-SA (b) WS2-SA sample. 

 



 
 

Fig 2. The schematic diagram of laser, HR-High reflection, T-Transmission ratio, RoC – Radius of Curvature of 

the mirror. 
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