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I.  Abstract  

This talk presents an overview of 10-40 GHz ultrafast fiber pulse 
lasers and their applications to Terabit/s high-speed OTDM 
(Optical Time division Multiplexed) transmission. In order to 
generate a very stable high-repetition rate pulses in a fiber cavity, 
a harmonic and regenerative mode-locking technique was used,  
which was originally developed in 1994 [1]. Since the present 
lasers can emit a 0.5-3 ps pulse train at 10-40 GHz, we can time-
domain multiplexed it to realize an ultrahigh speed pulse 
transmission. In 2000, we succeeded in a 1.28 Tbit/s over 70 km 
OTDM transmission with the mode-locked fiber laser [2]. This 
result was recently improved to 5.12 Tbit/s transmission over 300 
km [3].  
   In these days, increasing a spectral efficiency as well as 
increasing the single-channel transmission speed becomes an 
important research subject with a view to meeting the growing 
demand for higher transmission capacity in optical fiber networks. 
Thus, many people are doing lot of researches on a digital 
coherent optical transmission. Among them, QAM (Quadrature 
Amplitude Modulation) plays a very important role in realizing 
highly spectral efficient pulse transmission. Recently, we 
proposed an optical Nyquist pulse transmission, in which we use 
a Sinc-function like pulse with ringings instead of conventional 
Gaussian or soliton pulses [4]. In a coherent Nyquist pulse 
transmission, we need to stabilize longitudinal mode frequencies 
of the mode-locked laser.  We achieved this frequency 
stabilization with the HCN gas molecule absorption at a 1.55 
micron band [5].  The configuration of  the repetition-rate 
stabilized and frequency-stabilized fiber laser is shown in Fig. 1.  
This laser was applied to a 64 QAM coherent Nyquist pulse 
transmission and we could realize single-channel 7.68 Tbit/s -160 
km transmission with a spectral efficiency of 9.7 bit/s/Hz. Thus, 
we could realize a ultrahigh-speed and spectrally efficient optical 
transmission for the first time.   
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Figure 1: Harmonically and regeneratively mode-locked ultrafast 
fiber laser for OTDM transmission experiments. 
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