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Abstract: We demonstrated a 10 Gb/s all-optical shutter based on Raman-assisted four-
wave-mixing in dispersion-shifted fiber.  Improvement of more than 65 dB in the 
conversion efficiency and 26 dB in the signal-to-background ratio are obstained.   
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1. Introduction 

Optical networks utilizing fast packet switching are expected to provide the required capacities and 
flexibility in the next-generation high-speed networks [1-2]. Ultra fast demultiplexing based on four-wave 
mixing (FWM) have been demonstrated in optical fibers [3].  Low efficiency and relatively narrow 
parametric bandwidth, however, limit its usefulness. A number of methods, including spectral spreading 
technique and combination of both parametric and Raman amplifications have been proposed to address 
this problem [2, 4].  
In this paper, we propose an all optical shutter based on Raman-assisted four-wave mixing, which uses 

Raman amplifiers to assist degenerate four-wave mixing in dispersion-shifted fiber to enhance the 
conversion efficiency and parametric bandwidth. There is no need to increase the input pump power or to 
spread the pump spectrum. Our results show that the conversion efficiency is improved by more than 65 dB 
and the signal-to-background ratio (SBR) by more than 26 dB when compared that to that of four-wave 
mixing without the Raman amplifiers. We observed that the shutter has an extra fast response time and high 
ON/OFF switching ratio. 

2.  Results and discussion  

Figure 1 shows the experimental setup of the all optical shutter based on Raman-assisted four-wave mixing.  
The 10 Gbits/s non-return-to-zero data signal at 1551.72 nm was generated by external modulation (Mod1) 
of a DFB laser with the power (measured at the port 1 of the circulator) of –6.7 dBm. The shutter signal 
was generated from a tunable laser (wavelength set at 1552.52 nm) by another modulator (Mod 2). The 
power of the shutter signal, measured at the port 1 of the circulator, was –6.4 dBm. The maximum 



efficiency of degenerate FWM signal occurs at a wavelength detune of 0.4 nm for a Raman pump power of 
1.1 W.  In order to test the application of this method in DWDM system, the wavelength separation 
between data signal and shutter signal was set at the 0.8 nm wavelength grid specified by International 
Telecommunication Union (ITU) Recommendations. Therefore, the new generated wavelengths were also 
spaced at multiple of ITU grid spacing of 0.8 nm. The data signal and shutter signal were combined with 
the 8-channel DWDM multiplexer of 0.8 nm wavelength grid after passing through polarization controllers 
PC3 and PC4 respectively. The combined signals were then launched into a 12-km dispersion-shifted fiber 
(DSF) (zero dispersion wavelength is 1547.5nm) through a circulator. The Raman pump at 1455 nm is 
coupled into the DSF through the 1455/1550nm WDM coupler in the counter-propagating direction. The 
available maximum Raman pump power at the input port of the DSF is about 1.3 W. The new generated 
signals were obtained from the 1550 nm output port of the 1455/1550nm WDM coupler and sent to the 
optical spectrum analyzer and the 50 GHz oscilloscope for spectrum and time domain analysis, 
respectively.  
Figure 2 shows the output spectra of the FWM signals when the Raman pump powers are 0 W and 1.1 W 

respectively. More than two new wavelengths are generated by Raman-assisted degenerate FWM because 
the powers of the newly generated wavelengths are sufficiently high (can be higher than 10 dBm in some 
cases) to produce additional FWM signals with the input wavelengths or with each other. That is to say, 
more than two wavelengths carry the same switched out data simultaneously. These wavelengths were 
spaced at multiples of ITU grid spacing of 0.8 nm.  From Fig. 2, the use of Raman pump improved the 
conversion efficiency at the generating wavelength 1553.32 nm by 65.55 dB and the signal-to-background 
ratio (SBR) by 26.6 dB when compared to that without Raman pump. 
Figures 3(a) and (b) depict the timing diagrams of the data signal and the control signal.  The data is 10 

Gb/s NRZ signal with a data length 1280 bits. Both the ON and OFF states of the control signal have a 
duration of 130 ns.  Only those data signals located within the ON state of the control signal will be 
wavelength-converted by FWM, otherwise the data signal will not be wavelength-converted. Figure 3(c) 
shows the timing diagram of the switched data signal at 1553.32 nm.  The noise level is relatively low 
showing a high extinction ratio for the switched data. Figure 4a – c show the details of the switching action 
by the proposed shutters.  Figure 4c shows no pattern dependent effect on the switched data.  We observed 
that there is no significantly delay effect in switching by comparing the falling edges of the switched signal 
in Fig.4c and that of the control signal in Fig. 4b.  Therefore, the proposed all-optical switching scheme 
may operate at bit rates beyond 10 Gbits/s.  Figure 4(d) shows the eye diagrams of the input data signal (on 
the left side) and switched data signal (on the right side) at 1553.32 nm.  Clear eye opening of is observed.   

3.  Conclusion  
We proposed and demonstrated an all-optical shutter which uses a Raman amplifier to enhance the 

conversion efficiency and parametric bandwidth of degenerate four-wave mixing in dispersion-shifted 
fiber. Our r esults show that the conversion efficiency and the signal-to-background ratio (SBR) were 
improved by more than 65 dB and 26 dB, respectively, when compared to the case of four-wave mixing 
without Raman assist.  The shutter demonstrates an ultra fast response time and high ON/OFF switching 
ratio. The shutter may operate at bit rate beyond 10 Gbits/s in a more efficient way than conventional 
methods.  
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Fig. 1. The experimental setup of Raman-assisted FWM. 
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Fig. 2. The output spectra of the FWM signals with (top 

curve) and without (bottom curve) the Raman pump.  The 

Raman power for the top curve is 1.1 W.  The input data 

signal and the control signal are labeled ‘1’ and ‘2’, 

respectively. 

 
Fig. 3. Timing diagrams for (a) the 10 Gb/s NRZ data signal, 

(b) the synchronized control signal with pulse duration of 130 

ns period, (c) the switched 10 Gbits/s data signal at 1553.32 

nm  The time scale is 50 ns/div. 

 
Fig. 4. (a) – (c) Same as Figure 3 but the time scale is 2 

ns/div, (d) eye diagrams of the input data signal (left) and 

switched data signal at 1553.32 nm (right ).  The time scale is 

50 ps/div. 
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