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Abstract: An all-optical bit-error monitoring system based on cascaded optical NOT and NOR gates 
operating at different threshold levels is presented. Real-time optical monitoring signal is generated which 
indicates the positions and duration of both bit and burst errors in 10 Gb/s NRZ signal.  
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1. Introduction 

All the error monitoring systems will play a key role in future high speed optical transmission to ensure fault 
management, quality of service, and optical layer protection in access networks  [1-2]. In this paper, we proposed 
and implemented a real-time all-optical bit error monitoring system operating at 10 Gb/s using two multi-
wavelength mutual injection-locked Fabry-Perot laser diodes (FP-LD).   

 

2.  Operation Principles and Experimental Results 

The proposed all-optical bit-error monitoring system (BEMS), uses two threshold levels, Ilow and Ihigh, where Ihigh > 
Ilow, to locate the error bits. If the optical intensity in a bit period is above Ihigh (below Ilow), the bit period is assumed 
to contain a correct ‘1’ (‘0’) bit. If the optical intensity falls in between the two threshold levels, the bit period is 
assumed to contain a pseudo error bit. The input data bit, can therefore be in one of three states; 1, E, and 0, (E = 
error bit).  The threshold levels are chosen such that Ilow < E < Ihigh.  

The experimental setup to demonstrate BEMS is shown in Fig 1. The corrupted 10 Gb/s NRZ data signal is 
generated using two 10 Gb/s LiNbO3 modulators, which is, then split into two parts.  One part is injected into a FP-
LD (FP-LD_1) which acts as a NOT gate for the input data signal using dual wavelength mutual injection locking 
[3]. Besides the 10 Gb/s data signal at 1542.67 nm, a cw beam at 1548.32 nm is also injected into FP-LD_1.  The 
two wavelengths are matched with two different longitudinal modes of FP-LD_1. The threshold level for the NOT 
gate is set to Ilow such that an error bit in the data beam is treated as a ‘1.’  Thus the inverted data signal is obtained 
at 1548.32 nm at the output of FP-LD_1 with all the error bits converted to zeroes.   

The other splitted portion of the original 10 Gb/s data signal is injected into another FP-LD (FP-LD_2) together with 
the 1548.32 nm output from FP-LD_1 and a cw beam at 1546.11nm. FP-LD_2 realized the NOR gate using multi-
wavelength injection locking [4].  The threshold level for the FP-LD_2 is set to Ihigh such that error bit in the data is 
now treated as a ‘0.’  The powers and detunes of the three inputs to FP-LD_2 are chosen such that the1546.11 nm 
cw beam injection-locks FP-LD_2 only when both the data signal and the FP-LD_1 output are low.  Consequently, 
the ‘1’ bits at 1546.11 nm at the output of FP-LD_2 indicate both the position and duration of errors in the original 
signal. 

Figure 3 shows the spectra of the NOT gate (FP-LD_1) and the NOR gate (FP-LP_2) output respectively. Figure 4a 
shows the 10 Gb/s corrupted data signal. The inverted  wavelength converted data signal at 1548.32 nm generated 
by the NOT gate is shown in Fig. 4b.  Figure 4c shows the NOR gate output at 1546.11 nm indicating the position 
and duration of both bit and burst errors. 

3.  Conclusion 

In conclusion, we have successfully demonstrated all-optical bit error monitoring at 10 Gb/s using two mutual 
injection-locked Fabry-Perot laser diodes.   
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Fig 2 The operating threshold for optical logic 
gates can be controlled by FP-LD current and 
wavelength detunes. 
   Note: (Ith = threshold current of FP-LD) 
        

Fig 3 Output spectra of (a) NOT gate (FP-LD_1) 
and (b) the optical NOR gate (FP-LD_2) under   
injection-locking in BEMS. 

Fig 1 Experimental setup for All-Optical Bit Error Monitoring System 
TL – tunable laser;   PC − polarization controller;  MOD – modulator; 
COUP – coupler; ODL − optical delay line; ATT − variable attenuator, 
CIR – circulator; and BPF – tunable bandpass filter. 
 

Fig 4 Synchronized temporal profiles of (a) the input 10 
Gb/s NRZ signals at 1542.67 nm with both bit and burst 
errors, (b) the inverted λ-converted signal at 1548.32 nm, 
and (c) the error indicator signals generated by the BEMS 
at 1546.11 nm. 
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