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Ultrashort laser source generated by mode-locked fiber laser has flourished in various fields. The laser 

mode-locked by all polarization-maintaining nonlinear polarization rotation (all-PM NPR) has gained 

interest due to the advantages of high damage threshold and alignment-free configuration [1]. But it has the 

difficulty to self-start. In this paper, we have numerically investigated the influence of different initial 

conditions on the self-starting probability of an all-PM NPR mode-locked fiber laser. 

The schematic model of the stimulated all-PM NPR mode-locked fiber laser is shown in Fig. 1, and 

the total net dispersion is -0.081 ps2 at 1550 nm. The coupled-mode nonlinear Schrödinger equations [2] are 

used and solved by the split-step Fourier method (SSFM). The Gaussian noise with an average power of 

several nW is used as initial conditions. The splicing angle at fused points A and B is firstly set as 15o and 

40o respectively. 40 calculations have been done while the initial condition is different for each calculation. 

22 calculations are found to realize steady mode-locking, indicating the self-starting probability of 0.55. 

Then the splicing angles are set as 25o and 25o, 4 out of 40 calculations have achieved mode-locking, 

indicating the self-starting probability of 0.1. To make a comparison, a different initial condition is used, 

which is the sum of a weak pulse and white Gaussian noise. The pulse has a Gaussian profile and a fixed 

duration of 0.8 ps. The variable is the peak power of the pulse, which varies from 2 nW to 0.02 nW on a 

logarithmic scale. Table 1 shows the self-starting probability with different initial conditions. The 

probability has been improved to 1 even though the peak power of the pulse is only around 10% of the 

average power of the white Gaussian noise. But there is no improvement if the pulse peak power is around 

1% of the white Gaussian noise.  

    

Fig. 1. Schematic model             Tab. 1. Self-starting probability with different initial conditions 
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