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Abstract: We demonstrated a 40-GHz actively mode-locked erbium-doped fiber laser that 
incorporates an electro-absorption modulator and a linear optical amplifier.  Stable pulses with 
peak power of 46 mW and pulsewidth of 2.8 ps are obtained when pumped with 100 mw. 
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1. Introduction 

Actively mode-locked laser sources at 40 GHz are important for 40 Gbps transmission systems, high-bit-rate clock 
recovery, or demultiplexing. Electro-absorption modulators (EAMs) are very attractive for mode-locking 
applications, especially for semiconductor mode locked lasers, because of the low driving voltage and zero/nagative 
chirp [1,2]. However, if an EAM is incorporated into an Er-doped fiber laser,  the Q-switching effect tends to 
saturate the EAM and prevent it from mode-locking the laser.  Q-switching occurs easily in erbium-doped fiber 
lasers incorporating with an EAM because of the relatively long lifetime of the excited state 4I13/2 of the Er3+ ion.  
The EAM also acts as a Q-switching component.  In a previous paper, we demonstrated a novel 10 GHz mode-
locked fiber laser that incorporates an EAM, a linear optical amplifier (LOA), and an Er-doped fiber amplifier 
(EDFA) [3].  The LOA has a much shorter excited state lifetime than that of the EDFA, thus preventing the cavity 
from going into Q-switching in the presence of the EDFA.   
      In this paper, we report the demonstration of a 40-GHz actively mode-locked erbium-doped fiber laser that 
incorporates an electro-absorption modulator and a linear optical amplifier.  Stable pulses with peak power of 46 
mW and pulsewidth of 2.8 ps are obtained when the pump power is 100 mw. The operating wavelength is tunable in 
the C-band. The output pulse is nearly transform-limited with the time-bandwidth product of 0.46.  

2. Experimental results and discussion 
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Fig.1. The experimental setup of the mode-locked fiber ring laser; PC: polarization controller; TF: tunable bandpass filter; I1, I2, I3: isolators; 
EAM: electroabsorption modulator; LOA: linear optical amplifier, VDL: variable delay line. 
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Figure 1 shows the configuration of the mode-locked fiber laser which composes of an EAM, an LOA, a 12-meter 
long erbium-doped fiber, a tunable bandpass filter, a variable delay line (VDL), three isolators, a 980 nm/1550 nm 
WDM coupler, a 1550 nm band 90:10 coupler, and a polarization controller (PC).  The EAM acts as a mode-locker 
operating at 40 GHz.  The EAM is biased at a DC voltage of −1.8 V and the peak-to-peak voltage of the RF signal is 
3.2 V.  The tuning range of the DC biased voltage and the RF signal peak-to-peak voltage are −5 to 0 V and 0 to 3.2 
V, respectively.  The laser gain is provided by the LOA and EDFA.  The LOA operates at a current of 125 mA, has 
a gain of ~13.5 dB and a saturation output power of 10.6 dBm.  The linearity of the LOA gain renders the laser 
system less susceptible to the transients due to the variations in the ambient conditions [3], thus reducing the 
amplitude jitter of the mode-locked fiber ring laser output. The 12-m long erbium-doped fiber was pumped at 980 
nm through the 980 nm/1550 nm WDM coupler.  The 980 nm pump laser has an output power at ~300 mW.  The 
tunable bandpass filter is used to tune the operating center wavelength of the mode-locked laser, which can be tuned 
within the C-band (1525-1565 nm) with a bandwidth of 5 nm and side mode suppression of 20 dB.   Our mode-
locked laser system can operate at any repetition rate from 5 MHz to 40 GHz by tuning the VDL which adjust the 
cavity length to match the RF frequency. Thus, the optimum operating point can be achieved at any desired 
repetition rates. Three isolators were used to ensure unidirectional operation.  The PC is used to optimize the 
polarization state of the cavity modes because the EAM has a small polarization dependent loss.  The PC can also be 
used to adjust the center wavelength and the pulsewidth.  Since the cavity length is about 40 m, the fundamental 
mode of the laser cavity is ~5 MHz. Ten percent of the cavity energy of the mode-locked laser system was coupled 
to output through the 90:10 coupler.  
 
 

 
Fig.2. (a) 40 GHz mode-locked laser output pulse train from the optical sampling oscilloscope (20 ps/div); (b) Timing trace of a single pulse.  
The pulsewidth was measured to be 2.8 ps. 
 

     
 
Fig.3 (a) Typical spectrum of the laser output; (b) RF spectrum of the 40 GHz mode-locking laser measured with a span of 10 MHz.  The inset 
shows the full 40 GHz band of the RF spectrum.  The side-mode suppression ratio is measured to be larger than 62 dB. 
 
The output pulses were measured to be 2.8 ps (assuming a Gaussian envelope) using a YOKOGAWA Optical 
Sampling Oscilloscope (OSO) (model AQ7750) and the optical spectrum bandwidth was about 1.32 nm.  The time-
bandwidth product is therefor 0.46, which indicates that the output pulses were nearly Fourier transform-limited.     
Figure 2 (a) shows the 40 GHz mode-locked pulse train of the mode-locked fiber laser output using the OSO.  The  
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output peak power is measured to be more than 46 mW with the average power of 5.5 mW.  The peak power of the 
pulse train inside the laser cavity is therefore more than 460 mW. The pulse is shown to be very stable with a timing 
jitter of ~500 fs.  Figure 2(b) shows a single pulse trace from the OSO at timing scale of 2 ps/div. The pulsewidth 
was measured to be 2.8 ps. The pulsewidth can be tuned from 2.8 to ~10 ps by simply adjusting the EAM applied 
biasing voltage or the PC.  Figure 3(a) shows a typical spectrum of the mode-locked laser. Neighboring frequency 
components are well separated at a spacing of  ~0.32 nm. The bandwidth is measured to be ~1.32 nm.  The RF 
spectrum of the mode-locked laser was measured using Agilent 8564EC spectrum analyzer.  Figure 3(b) shows the 
RF spectrum of the mode-locked laser measured with a span of 10 MHz and a resolution of 100 Hz, The side-mode 
suppression ratio is larger than 62 dB. The inset of Figure 3(b) shows the full 40 GHz band of the RF spectrum with 
the resolution of 10 MHz. Only one RF frequency tone at 40 GHz is observed in the whole span, therefore 
confirming that our mode-locked laser system operates at 40 GHz.   

3. Summary 
We demonstrated a 40 GHz mode-locked laser that incorporates an EAM, LOA, and EDFA.  Output peak power of 
more than 46 mW and pulse duration of 2.8 ps are obtained in our mode-locked laser system. The output pulse is 
nearly transform-limited with the time-bandwidth product of 0.46.  The LOA renders the laser less susceptible to 
transients due to variations in ambient conditions, thus reducing the amplitude jitter of the mode-locked fiber ring 
laser.  The pulsewidth of the laser output can be tuned from 2.8 ps to ~10 ps through adjusting the polarization 
controller inside the laser cavity or the applied voltage of the EAM.  The operating wavelength is tunable in the C-
band.  

4. References: 
1. K. Sato, A. Hirano, and H. Ishii, “Chirp-Compensated 40-GHz Mode-Locked Lasers Integrated with Electroabsorption Modulators and 

Chirped Gratings,” IEEE Journal of Selectre Topics in Quantum Electronics, 5(3), 1999, pp.590-595.  
2. J. M. Roth, T. G. Ulmer, N. W. Spellmeyer, S. Constantine, and M. E. Grein, “Wavelength-Tunable 40-GHz Picosecond Harmonically 

Mode-Locked Fiber Laser Source,” IEEE Photon. Tech. Lett., 16(9), 2004, pp. 2009-2011. 
3. Lixin Xu, L. F. K. Lui, P. K. A. Wai, H. Y. Tam, M. S. Demokan; “10 GHz Actively Mode-Locked Erbium-Doped Fiber Ring Laser Using 

an Electro-Absorption Modulator and a Linear Optical Amplifier,” Proceeding of Optical Fiber Communication Conference (OFC'2006), 
March 5-10, 2006, Anaheim, California, USA. Paper OWI27. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

       a1481_1.pdf
    

       JThA10.pdf
    


