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Abstract: We report a novel passively Q-switched fiber laser using an electro-absorption modulator (EAM) 
as a saturable absorber. The fast response time of the EAM enables the Q-switched fiber laser to operate at 
high repetition rate.    
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1. Introduction 

Q-switched fiber lasers are of interest for various applications in medicine, range finding, remote sensing, and 
optical parametric oscillators because they can generate high-peak-power and relatively long-duration pulses with 
widths ranging from several nanoseconds to several hundred nanoseconds [1-4].  In this paper, we report a novel 
passively Q-switched fiber laser using an electro-absorption modulator (EAM) as a saturable absorber (Q-switch) 
inside the ring cavity. The fast response time of the EAM enables the Q-switched fiber laser to operate at high 
repetition rate.  We observe a repetition rate beyond 30 kHz and peak power higher than 1 kW. The pulse width can 
be tuned from about 500 ps to 2 ns through adjusting the polarization controller and the pump power. 

2. Experimental results and discussion 

Figure 1 shows the configuration of the passively Q-switched fiber ring laser which consists of an EAM, a 12 meter 
long erbium-doped fiber, a bandpass filter, three isolators, a 980 nm/1550 nm WDM coupler, a 1550 nm band 90:10 
coupler, and a polarization controller (PC).  The EAM which can operate at a data rate of 10 Gb/s is biased at a DC 
voltage of 1.015 V.  The fast response time of the EAM enable the Q-switched fiber laser to operate at high 
repetition rate.  The laser gain is provided by the EDFA.  The EDFA is pumped at 980 nm through the 980 nm/1550 
nm WDM coupler.  The bandpass filter is centered at 1553.6 nm with a bandwidth of 6 nm and out-of-band rejection 
ratio of 20 dB.  The PC is used to optimize the polarization states of the cavity modes because the EAM has a small 
polarization-dependent loss.  Ten percent of the cavity energy was coupled to the output through the 90:10 coupler. 
When we turn on the pump source for the EDF and increase the pump power, the laser system operates at the 
passively mode-locked laser regime first.   When the pump power increases beyond a certain power level, the 
passive mode-locking disappears and then the laser system begin to operate in the Q-switched laser regime.  
Figure 2 shows the output spectrum of the Q-switched fiber ring laser.  Figure 3(a) is the typical output pulse train of 
the laser system. The repetition rate is measured to be ~12.5 kHz.  Figure 3(b) shows the typical output pulse width 
of 700 ps, which is measured by a 10 Gb/s receiver and an Agilent 50 GHz oscilloscope.  The optical pulse is 
attenuated 25 dB before it is input to the receiver. The pulse width can be tuned over a wide range from about 500 ps 
to 2 ns. The peak power is measured to be more than 1 kW. The repetition rate of the Q-switching laser can also 
vary over a wide range, from about 5 kHz to 30 kHz by adjusting the polarization controller and the pump power.  
Figure 4(a) shows the RF spectrum of the Q-switched fiber laser at 22.4 kHz, and Figure 4(b) is the corresponding 
pulse train.   

3. Summary 
We have demonstrated a novel passively Q-switched fiber laser using an electro-absorption modulator (EAM) as a 
saturable absorber (Q-switch) inside the ring cavity. The fast response time of the EAM enables the Q-switched 
fiber laser to operate at high repetition rate beyond 30 kHz.  The peak power is larger than 1 kW. The pulse width 
can be tuned from about 500 ps to 2 ns through adjusting the polarization controller and the pump power.  

4. References: 
1. P. R. Morkel, K. P. Jedrzejewski, E. R. Taylor, and D. N. Payne, IEEE Photon. Technol. Lett. 4, 545 (1992). 
2. J. A. Alvarez-Chavez, H. L. Offerhaus, J. Nilsson, P. W. Turner, W. A. Clarkson, and D. J. Richardson, OPTICS LETTERS, 

25, 37 (2000). 

       a2067_1.pdf
    

       JTuA139.pdf
    



3. Anting Wang, Hai Ming, Jianping Xie, Xiyao Chen, Liang Lv, Wencai Huang, and Lixin Xu, Applied Optics, 18, 3528 (2003). 
4. Utkarsh Sharma, Chang-Seok Kim, and Jin U. Kang, IEEE Photon. Technol. Lett. 16, 1277 (2004). 
 
 
 

Pump

EAM

WDM Er Fiber

Output

90:10

12 m

PC
10%

TF

I1

I2

I3

DC Bias

       
Fig. 1. The experimental setup of the passively Q-switched fiber ring                             Fig. 2. Output spectrum of the Q-switched fiber ring laser 
laser; PC: polarization controller; TF: tunable band pass filter; I1, I2, I3:  
isolator; EAM: electroabsorption modulator. 

                 
Fig. 3. (a) Output pulse train with repetition rate 12.5 kHz and (b) zoom-in of a single pulse 

 

 
Fig. 4. (a) RF spectrum of the Q-switched fiber laser.  The repetition rate is measured to be 22.4 kHz.  (b) 
The corresponding pulse train. 
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