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Abstract 

Generation of ultrashort laser pulses have gained a lot of interest due 

to their potential applications in optical telecommunication, nonlinear optics, 

medical treatment, and industrial material processing. Passively Q-switched 

and mode-locked fiber lasers are the most dominant techniques to generate 

those short pulses. Saturable absorbers (SAs) are the key components to start 

the process of short pulse generation. Looking for new SA with good optical 

properties and able to act as Q-switcher and mode-locker is always desired. 

In recent years, Transition metal oxides family has received much research 

attention due to its attractive optical, electronic, mechanical and physical 

properties.  

In this work, two filmy SAs have been fabricated by embedding 0.5 

wt% and 2 wt% copper oxide (CuO) nanoparticles into polyvinyl alcohol 

(PVA) separately. The optical parameters of the prepared SAs have been 

measured using balanced twin detectors technique. In 0.5 wt% CuO-SA (2 

wt% CuO-SA), the practical values of modulation depth, saturation intensity 

and non saturable absorption were 3.5% (6.42%), 3.3 MW/cm2 (9.23 

MW/cm2) and 3.7% (6%) respectively. A theoretical study for Q-switched 

erbium-doped fiber laser (EDFL) was carried out using modified rate 

equations and it is supported by simulation results obtained using 

MATLAB2018 software. The theoretical model takes into the consideration 

the practical parameters of the prepared SAs. Two prepared filmy SAs are 

incorporated into the laser cavity to realize Q-switching and mode-locking 

of EDFL. For 0.5 wt% CuO-SA and 2 wt% CuO-SA, stable Q-switched 

pulses were achieved at pump threshold of 70 mW and 158 mW with central 

wavelength 1560 nm and 1561 nm respectively. A maximum pulse energy 

of 66 nJ and 37 nJ, with a shortest pulse width of 2.6 μs and 3.6 μs were 

recorded at pump power of 159 mW and 300 mW.  
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By inserting 200 m long of standard single mode fiber (SMF) to 

compensate the cavity dispersion, a self-started soliton mode-locked 

operation is also obtained. In 0.5 wt% CuO-SA and 2wt% CuO-SA mode-

locked, the emitting train of pulses have 1.7 ps and 1.8 ps pulse width and 

983 kHz pulse repetition rate, while the pulse energy is 1.29 nJ and 2.16 nJ 

and output power is 1.27 mW and 2.13 mW with central wavelength 1560 

nm and 1562.5 nm respectively. The experimental results indicate that 0.5 

wt% CuO-SA can generate shorter pulse width at low pump threshold. Also 

these results present the CuO thin film is an appropriate SA for a pulse fiber 

laser operating with a low pumping power. 
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