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Abstract: We demonstrate a 10GHz optical clock recovery scheme based on optical parametric oscillator using highly 

nonlinear photonic crystal fiber as the dynamic gain medium.   
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1. Introduction 

Optical clock recovery is one of the key processes for signal processing in optical domain. There have been many 

approaches to realize optical clock recovery. One of the methods is based on optical parametric oscillator [1]. This 

scheme is attractive owing to the virtually instantaneous response of the Kerr nonlinearity of the fiber, which is in 

the femtosecond range and much faster than that of semiconductor based devices. It has good potential to be used in 

future ultrahigh speed signal processing systems. However, only low speed operation of the scheme was 

demonstrated experimentally. 

  

2. Experimental setup 

In this paper, we report a 10GHz clock recovery based on optical parametric oscillator in a ring configuration. The 

experimental schematic is shown in Fig.1. The key part of this scheme is a resonant optical parametric oscillator 

(OPO) [2], in which the highly nonlinear PCF provides the gain in the cavity pumped by a fixed-wavelength return 

to zero (RZ) data pattern. The pump pulses of a 2
11
−1 pseudorandom sequence are obtained from a mode locked 

laser and then modulated at a data rate of 10 Gbit/s. After amplifying by a high power erbium doped fiber amplifier 

(EDFA), which has a saturation power of 27dBm, the pump is coupled into the ring cavity by using an add-drop 

multiplexer (ADM), which has 3nm pass band from port 1 to 3 and 3nm block band from port 2 to 3 centered at 

1559.8nm. The OPO action is achieved by using 20m of highly nonlinearity PCF, which has a nonlinear coefficient 

of 30.6W
-1
Km

-1
 and a zero dispersion wavelength around 1550nm. A 99/1 coupler is used after the highly nonlinear 

PCF to monitor the effect in the highly nonlinear PCF. An intracavity tunable optical bandpass filter with a 1.5nm 

bandwidth selects the desired oscillating wavelength. A 90/10 coupler is used to extract the clock output. A small 

power EDFA used in the cavity compensates the loss in the cavity. In our experiment, the cavity loss is measured to 

be around 8.9dB, which contains the loss of the add-drop filter, the insertion loss of the PCF and other component 

in the cavity and the loss of the couplers, which is used to extract power from the cavity. The optical delay line is 

used to synchronize the clock generated in the cavity to the pump pulses. Alternatively, the synchronization can be 

achieved by adjusting the repetition rate of the mode locked laser. 

  

3. Experimental Results and Discussions 

One example of output spectrum of the clock is shown in Fig.2 with the tunable filter centered at 1556nm. The 
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clock wavelength can be tuned by changing the wavelength of the tunable filter inside the cavity. The tunable range 

of the clock is the same as the spectrum of the ADM from port 2 to 3, as the inset in Fig.2. From Fig.2, the spectrum 

shows spectral peaks with 10GHz spacing. The pump pulses with data pattern after the modulator is shown in 

Fig.3(a). The pump pulses will transmit in the cavity for many round trips. When synchronization is established, the 

pulses from different round trips will propagation through the highly nonlinear PCF together. They will affect each 

other and the nonlinear effect will build up a pulse at zero level and maintain the pulse in the one level. As a result, 

a clock pulse train is generated. In the time domain, we observed the 10GHz clock, which is shown in Fig.3(b). The 

recovered clock shows high amplitude noise, which can be suppressed by inserting a component with saturation 

function, such as a nonlinear optical loop mirror. 

  

3. Conclusion 

In this paper, we present a 10GHz clock recovery scheme using the highly nonlinear photonic crystal fiber. 

Preliminary result shows the possibility of using the scheme to work at 10GHz and above. However, further study is 

required to further improve the performance of the scheme. 

 
Fig. 1 A schematic of optical clock recovery setup. 
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Fig.2 The spectrum of the recovered clock (spectrum of ADM is 

inserted). 

 (a) 

 (b) 

Fig.3 A sample of (a) the input pseudo-random data pulses (b) 

recovered clock pulses
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