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Abstract:  A random Q-switched Erbium fiber laser is obtained with an average repetition rate to 
several kilohertz, and its output spectrum can be easily flipped from 1535 to 1550 nm by a fiber 
loop mirror.  
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1. Introduction 
Random laser has attracted much research interest for decades, due to its properties such as low coherence and high 
brightness, which is very promising for applications like speckle free imaging [1]. Wherever, random laser in 
traditional bulk materials such as crystal powder, colloidal quantum dot and liquid crystal, et, al. [2][3], usually 
exhibits poor lasing directionality and control. In this decade, random fiber laser has been investigated tremendously 
since its invention in 2010 [4], and its properties such as cavity-free, directionality, high intensity, mode-free, long 
distance and thermal stability, have made it a promising tool in optical sensing, optical communication, and random 
number generation.  
The feedback of random fiber laser is provided by Rayleigh scattering in the optical fiber. Thus, the pulsing operation 
of random fiber lasers is challenging as the feedback is random and hard to control. However, researchers have found 
that the stimulated Brillouin scattering will induce pulse generation in random fiber laser [5]–[8]. It is always 
interesting to find an easy method to generate pulsed random fiber lasing. Here we present our preliminary 
experimental results of a random Q switched Erbium doped fiber laser. 
Besides, the spectrum control of the Erbium doped random fiber laser has been reported, while it is always interesting 
to find an easy method to control the output spectrum of the random fiber laser [9], [10]. Here we also present the 
spectrum control of the Erbium doped random fiber laser simply by tuning the polarization in a fiber loop mirror.  

2.  Experiment results and discussion 
The experimental set-up of the proposed Erbium doped random fiber is shown in Figure 1. A 980 nm laser diode with 
maximum power around 138 mW is used to pump the EDF in the forward direction, through a 980-/1550-nm 
wavelength-division multiplexer (WDM). The EDF is a 100 m long fiber with light Erbium doping concentration of 
around 50 ppm, and heavy GeO2 doping concentration of around 12.94 wt%. The EDF has the peak absorption 
coefficient of 0.15 dB/m at 1532 nm. The 1550 nm port of the WDM was connected with a FLM, composing a 3 dB 
coupler and a polarization controller (PC). The reflection of the FLM is measured between 11% and 65 %. An optical 
spectrum analyser (OSA) with spectrum resolution down to 0.02 nm was used to measure the laser spectrum output. 
An oscilloscope is used to measure the temporal behavior of the random fiber laser. A 4 km DCF was placed after the 
EDF, and the total loss of the DCF at 1550 nm is about 3.5 dB. An isolator was placed after the DCF to eliminate the 
unwanted Fresnel reflection. 
 

 
Figure 1. Experimental set-up of the Erbium doped random fiber laser. 
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The oscilloscope detects the temporal behavior of the Erbium doped random fiber laser as shown in Figure 2 (a), 
indicating random Q-switched pulsing generation, and the average repetition rate increases with the pump power 
(Figure 2 (b)) from hundreds of Hz to several thousand Hz. However, here we are quite limited by the pump power, 
and it is likely we are only at the initial stage of random Q-switching in the random fiber laser [11].  

 
Figure 2.  (a) Temporal spectrum of the random fiber laser at different pump power. Blue-30 mW. Orange-41.6 mW. Yellow-62.57 
mW. Purple-92.6 mW.  (b) The repetition rate increases with the pump power. 
 
Besides, as we have previously shown that, the spectrum output of the Erbium doped random fiber laser can also be 
flipped between the range around 1535 nm and 1550 nm, simply by flipping the polarization controller in the fiber 
loop mirror [12]. This is due to the severe gain competition between these two Erbium emission peaks. Since the 
polarization has a random relation with the random fiber laser output spectrum, it is believed that a fast and regular 
polarization control can be applied here for random number generation while set the output at wavelength 1535 nm as 
“0” and at 1550 nm as “1”, or vice versa. 
 

3. Conclusions 
In conclusion, we have presented a simple method to obtain random Q-switched Erbium doped fiber laser for 
incoherent pulse generation. Further study can be outlooked here, for example, to insert a saturable absorber in the 
set-up and check its effect on the random Q-switching. Besides, based on that the spectrum output of the Erbium 
doped random fiber laser can also be flipped between the range around 1535 nm and 1550 nm, simply by a polarization 
controller in the fiber loop mirror, we expect this set-up can be applied for simple random number generation. 
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