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Abstract: We demonstrate a novel scheme for BER improvement using the hysteresis in the 
transmission characteristic of a DFB laser based 2R regenerator.  First experimental demonstration 
with 10 Gb/s NRZ signals is presented. 
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1. Introduction 

All-optical transparent networks suffer from noise accumulation which severely limits the cascadability of optical 
network nodes.  All-optical 2R regeneration can be used to significantly reduce the noise on a signal and several 
schemes have been reported in the past such as those based on interferometers [1] or self-phase modulation [2].  The 
conventional 2R schemes have been effective in improving OSNR and reducing the increase of BER, which occurs 
in the subsequent transmission links. However, these schemes cannot, in principle, improve the BER itself due to the 
single-threshold nature of the 2R curve.  A real improvement in the BER can only be done by a regenerator with a 
different transfer function for the ones and the zeros [3-4].  The only scheme proposed so far to improve the BER is 
the self-phase modulation (SPM) in a nonlinear fiber [2] but this scheme has the disadvantage of requiring very high 
input powers. 

In this paper, we present an alternative and simpler scheme using the hysteresis in the transmission characteristic 
of a DFB laser diode when it is used to amplify light with a wavelength outside the stopband [5].  The requirement 
of a dual transfer function is clearly fulfilled by the hysteresis and we will give an intuitive theoretical description in 
section 2.  The underlying effect for the hysteresis is the spatial hole burning induced nonlinearity. The bistability at 
the lasing wavelength has been successfully applied to obtain all-optical flip-flop operation [6] and packet 
switching [7].  Here, we will use the bistability in the amplification given by a standard DFB laser to demonstrate 
2R regeneration of 10 Gb/s NRZ signals.  To the authors’ knowledge, this is the first demonstration of real BER 
improvement in a semiconductor device at power levels of a few mW’s. 
 
2. Concept 
An intuitive approach to understand the concept for the novel regeneration scheme is illustrated in Fig. 1.  Instead of 
a single decision level in the transmission characteristic (dashed), the hysteresis introduces now two different levels 
depending on the state of the regenerator (solid).  This results in a decision level that moves dynamically with the 
bits of the signal (Fig.1c).  For a hysteresis going in the counter-clockwise direction, it means that there is an 
increased tolerance for noise.  The adverse effect given by the higher threshold for switching between two different 
states can be overcome by taking a hysteresis with a limited width (<0.4) and sufficiently faster than the original 
signal (e.g. 4-5 times).  The difference between noise reduction and BER improvement is illustrated in Fig.1f. 

The noise in optical systems originates mostly from amplified spontaneous emission and is therefore fast 
fluctuating noise.  To study the dynamical operation of a hysteresis, one needs to take the state on a previous time 
step of the device into account.  Therefore, we use an iterative technique and discretize the time window of a bit into 
a number of different time steps.  We plot the BER as a function of the Q-parameter of the signal at these different 
time steps in Fig. 1g for a hysteresis with a relative width of 0.4.  We see that after 3 time steps, there is an 



improvement in the BER compared to standard regeneration with a single monotonic function.  Faster, but less 
pronounced improvement is possible using smaller values of the hysteresis. 

 

Fig. 1: Schematic of concept for all-optical 2R regeneration using a hysteresis in the transmission characteristic. (a) transmission characteristic of 
the regenerator; (b) original bit pattern; (c) original bit pattern with noise and dynamical moving decision level due to hysteresis; (d) regenerated 

bit pattern; (e) Gaussian noise distribution on ‘0’- and ‘1’-levels and corresponding decision levels; (f) Difference between normal noise 
reduction and real BER improvement in BER diagrams; (g) The error probability at different time steps within the time window of a bit as a 

function of the Q-parameter for a relative hysteresis width of 0.4 calculated with an iterative technique. 
3. Experimental results 
We demonstrate the concept using a standard DFB laser device provided by Alcatel-Thales.  A 10 Gb/s non-return-
to-zero (NRZ) pseudo-random bit-sequence (PRBS) of 231-1 bits is sent through an attenuator and EDFA to control 
the optical signal-to-noise ratio (OSNR).  The light is combined with a holding beam at a different wavelength 
(1546 nm) which is used to adjust the center of the hysteresis to the incoming signal.  A λ/4-shifted DFB laser with 
AR-coated facets is used as regenerator for this experiment.  The laser is biased at 150 mA, has an estimated κL of 
1.6 and a length of 400 µm.  Using an optical band-pass filter (OBPF) to separate the transmitted light, the BER 
diagrams of Fig. 3 can be measured by sweeping the attenuator at the input of the pre-amplified receiver. 

We can clearly observe the BER improvement and noise reduction for different values of the input power of the 
EDFA on Figure 3.  The corresponding power excess penalties are depicted in Figure 3d.  The eye diagram in Figure 
4g shows that, besides the noise reduction, also regeneration at higher speeds should be possible because of the fast 
switching.  Similar results have been obtained at other wavelengths (1545 and 1555 nm) showing that broadband 
operation is possible. 

 
Fig.2: Schematic of the experimental set-up (LD: laser diode, LN: lithium-niobate modulator; PPG: pulse-pattern generator; OBPF: optical band-

pass filter; PC: polarization controller; ATT: attenuator) 



 
Fig.3: BER versus received optical power for different values of EDFA input power. (a) -25.2 dBm input power; (b) -26.2 dBm; (c) -27.5 dBm; 

(d) corresponding power excess penalty for the degraded and regenerated signals compared to the original; (e-h) eye diagrams of (a).  

Conclusion 
We demonstrated a novel technique for all-optical 2R regeneration based on the hysteresis in the amplification 
characteristic of a DFB laser diode. BER improvement for 10 Gb/s NRZ signals is shown and the results look 
promising for higher bit-rates. 
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