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Abstract: We demonstrated 40 GHz all-optical clock recovery system using an erbium-doped fiber 
laser that incorporates a 10 GHz electro-absorption modulator and a linear optical amplifier. We 
successful recovered 40 GHz clock signals from a 40 Gb/s pseudo random bit sequences. Stable 
pulses with pulsewidth of 6 ps and timing jitter of 300 fs are obtained. 
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1. Introduction 

All-optical 3R (re-amplification, reshaping and retiming) regeneration are essential to future ultrahigh speed optical 
communication systems. All-optical clock recovery circuits which can recover timing information from incoming 
optical data streams to produce optical clock signals without intermediate electronic stages are especially important. It 
is the key technology for optical data regeneration, OTDM demultiplexing, and signal processing. Proposed all-optical 
clock recovery techniques include optical tank circuits to extract the harmonic content of the clock signal, injection 
mode-locking with semiconductor or fiber mode-locked lasers, phase modulation in an optical fiber in a fiber ring laser, 
semiconductor optical amplifier based fiber mode lock laser, and all-optical phase locked loops [1-5]. Among these 
technologies, fiber laser based technology are able to generate ultrashort optical pulses with low timing jitter [1,4,5].  

In this letter, we reported the demonstration of a 40 GHz clock recover circuit based on a mode-locked fiber ring 
laser that incorporates a 10 Gb/s electro-absorption modulator (EAM), a linear optical amplifier (LOA), and an Erbium-
doped fiber amplifier (EDFA) [6]. Optical clock recovery is realized by injecting modulated data signal into the EAM 
inside the cavity. The EAM is DC biased. Mode locking of the laser is achieved by the external injected optical data 
signal via cross-absorption of the saturated EAM. Stable clock signals synchronized to the incoming data can be 
generated as a result [7]. Experimental results show that 40 GHz stable optical clock signal with pulsewidth of 6 ps is 
obtained. The clock recovery circuit can operate at different wavelengths and the timing jitter of the clock signal is less 
than 300 fs measured using an Electrical Spectrum Analyzer.  

 

2. Experimental results and discussion 

Figure 1 shows the experimental setup for the proposed all-optical clock recovery circuit. The hybrid gain of the fiber 
ring laser is provided by the gain supplied by the 12-m long erbium doped fiber pumped by a 980 nm pump laser diode 
and the LOA. The output power of the 980 nm pump laser is set at 21.2 dBm. The driving current of the LOA is set at 
90 mA with a saturated gain of about 8 dB and the saturation output power is 8.0 dBm. Isolators are used for 
unidirectional oscillation and a 6 nm tunable bandpass filter is used for output wavelength selection of the clock signal. 
The out-of-band rejection ratio of the bandpass filter is 20 dB.  A polarization controller (PC) is used to optimize the 
state of polarization of the cavity modes because the EAM has a small polarization dependent loss (~1 dB). The cavity 
length is ~40 m corresponding to a fundamental cavity mode of ~5 MHz. Ten percent of the cavity energy of the mode-
locked laser system was coupled to the output through the 90:10 coupler. The EAM is biased at a DC voltage of −0.8 V. 
Clock recovery is achieved by the synchronization and stabilization of the fiber mode-locked laser through external data 
injection. The EAM acts as a mode-locker driven by the external input data stream.  In the experiment, a 40 Gb/s data 
stream is injected into the EAM through a circulator (C) counter-propagating with the lasing direction inside the laser 
cavity and forces the transmission of the EAM to vary with the input data stream. This enables active mode locking of 
the fiber ring laser by the external data, thus optical clock pulses synchronized to the incoming data is generated.  

A 10 Gb/s RZ data stream is first generated by modulating the output of a 10 GHz semiconductor mode-locked 
laser (MLLD) source by a LiNbO3 Mach-Zehnder intensity modulator and a 10 Gb/s pulse pattern generator. The pulse 
width of the MLLD output is ~2 ps. The center wavelength of the input data stream is 1553.2 nm.The 10 Gb/s data 
stream is then multiplexed to 40 Gb/s and is injected into the cavity of the ring laser through the circulator.  The 
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injected power is 12 dBm. The output pulses were measured using a YOKOGAWA Optical Sampling Oscilloscope 
(OSO). Figure 2(a) shows the recovered clock signal at 40 GHz with the input 40 Gb/s pseudorandom bit sequence 
(PRBS) pulses of length 231−1. Figure 2(b) shows the optical output spectrum of the 40 GHz all-optical clock circuit. 
The wavelength of the optical clock is 1558.9 nm. The 40 GHz tone can be clearly seen from the optical spectrum (0.32 
nm spacing).  Figure 2(c) shows the electrical output spectrum with a resolution 10 kHz and frequency span of 10 MHz. 
The output frequency is 39.81312 GHz. The peak power output and the pulsewidth of the optical clock are 20 mW and 
6 ps respectively. The timing jitter of the recovered clock signal is 300 fs measured using an electrical spectrum 
analyzer. The sidemode suppression ratio is better than 55 dB.   

 
 

3. Conclusions 
We demonstrated 40 GHz all-optical clock recovery using erbium-doped fiber laser which incorporates a 10 Gb/s EAM 
and an LOA. Cross-absorption saturation of the EAM by external injection of a 40 Gb/s optical data signal was used to 
actively mode-lock the fiber laser and recover the optical clock. Stable pulses with peak power of 20 mW and 
pulsewidth of 6 ps are obtained. The timing jitter is less than 300 fs measured using an electrical spectrum analyzer.  
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Fig. 2.  Experimetal results of 40 GHz all-optical clock recovery. (a) Timing profile of the recovered 40 GHz optical clock using PRBS; (b) the 
optical clock spectrum; and (c) the electrical spectrum.
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Fig. 1.  Experimental setup of the all-optical clock recovery circuit. Note: MLLD, mode-locked laser diode; MUX, multiplexer; EAM, 
electroabsorption modulator; LOA, linear optical amplifier; PC, polarization controller; BPF, 6 nm tunable band pass filter. 
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