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Abstract All-optical waveform reshaping of a distorted 10 Gb/s NRZ PRBS signal using two-mode 
injection locking in Fabry-Perot laser diode was demonstrated.  Simultaneous waveform reshaping of 
two distorted 10 Gb/s NRZ PRBS signals was also demonstrated. 

 
 
Introduction 
 
Recently, all-optical waveform reshaping techniques 
based on injection locking in laser diodes have drawn 
attention [1-2].  In this paper, we demonstrate 
waveform reshaping of distorted NRZ signals at 10 
Gb/s using two-mode injection locking in a Fabry-Perot 
laser diode (FP-LD).  We further show that a single FP-
LD can be used to simultaneously reshape two 
distorted 10 Gb/s NRZ signals. 
 
Operation Principle 
 
The proposed all-optical waveform reshaping method 
is based on the threshold nature of injection locking.  
When a distorted pulse is injected to a FP-LD, only the 
part of the signal with power above the injection 
locking threshold will experience gain.  The injection-
locked output of the FP-LD from this part of the signal 
will be the same.   Other part of the signal will 
experience loss.    In order to improve the extinction 
ratio of the reshaped signal, we injected a cw light at 
another longitudinal mode of the FP-LD together with 
the data signal.  The function of the cw light is to 
injection-lock the FP-LD when the input data signal is 
below the threshold level.   Finally, since FP-LDs are 
multimode, a FP-LD can injection-lock several signals 
simultaneously, thus making it possible to use a single 
FP-LD to reshape multiple data signals. Only one cw 
light is needed for waveform reshaping of multiple 
channels.  

Waveform reshaping of a single 10 Gb/s NRZ 
signal 
 
The experimental setup of all-optical waveform 
reshaping of one 10 Gb/s NRZ signal as well as  two 
10 Gb/s NRZ signals simultaneously using a single FP-
LD is shown in Fig. 1.  For reshaping of one 10 Gb/s 
signal, the tunable laser TL2 was turned off.  A pulse 
pattern generator (PPG) generating a 10 Gb/s, 223 -1, 

NRZ PRBS signal was used to modulate the 1550.325 
nm output of the tunable laser (TL1) via the LiNbO3 
modulator (EOM). The modulated signal was then 
propagated through two 50-km spans of standard 
single mode fiber (Corning SMF-28). Three EDFAs 
(EDFA1, EDFA2 and EDFA3) were used to 
compensate for the propagation loss and three tunable 
attenuators (ATT1, ATT2 and ATT3) were used to 
control the output power of each EDFA. The average 
power of the signal at the input ends of each fiber span 
were about –6 dBm.  The total dispersion value of 100 
km standard single mode fiber (SSMF) is about 1,700 
ps/nm.  The signal was severely distorted by 
dispersion after propagation in 100 km of fiber.  Figure 
2(a) shows the eye diagram of the signal after 
propagation of 100 km.  We then injected the distorted 
signal at average power of  –6 dBm into a FP-LD via a 
polarization controller (PC2), a 3-dB coupler and an 
optical circulator.  The bias current of the FP-LD is 
1.27 Ith where Ith is the threshold current.  A 1544.775 
nm cw signal (TL3) of power –4 dBm was also injected 
into the FP-LD.  The wavelengths of the data signal 
and the cw were chosen to be at the longer 
wavelength sides of two FP-LD longitudinal modes.  
The detune between the signal wavelength and the 
closest FP-LD longitudinal mode was 0.075 nm and 
that for the cw was 0.025 nm.  Thus the cw beam 
would be pulled out of the locking range whenever the 
data signal injection-locked the FP-LD.  The powers 
and detunes of both the data signal and the cw were 
chosen such that: i) The power of the rising and falling 
edges of the data signal were not sufficient to initiate 
injection locking.  The FP-LD was in fact injection-
locked by the cw light and thus emitted at the 
wavelength of the cw light.  Consequently the rising 
and falling edges of the data signal experienced loss; ii) 
The power of the data signal around the peaks of the 
pulses was higher than the injection locking threshold 
of the FP-LD such that the FP-LD output at the data 
signal wavelength with a constant power.  The function 
of the cw light is to achieve faster response speed as 
well as to improve the extinction ratio of the signal by 
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signals induced by the waveform reshaping process is 
not significant.  The output powers of cw, data1, and 
data2 measured at port 3 of the circulator are –3.41 
dBm, −5.39 dBm, and –7.98 dBm, respectively. 

 
Fig. 1. The experimental setup for waveform reshaping of
distorted 10 Gb/s NRZ signals. 

 

 

 
Fig
pro
wav
dat
FP-
are
for 
                   (a)                                     (b) 
 
Fig. 2. Eye diagrams of a 10 Gb/s signal after propagation in
100 km standard single mode fiber (a) before waveform
reshaping, and (b) after waveform reshaping. The time scale
is 50 ps/div and the amplitude scale is 100 mV/div. 
removing the power of the FP-LD free running mode 
when the power of the data signal is below the 
threshold level.  Figure 2(b) shows the eye diagram of 
the reshaped signal.  From the open eye diagram, the 
distorted signal was successfully reshaped.   

Simultaneous waveform reshaping of two distorted 
10 Gb/s NRZ signals  
 
The tunable laser TL2 in Fig. 1 was turned on. The 
power and detune of the three signals from TL1 
(data1), TL2, (data2) and TL3 (cw) were adjusted such 
that the cw light injection-locks the FP-LD only when 
both data1 and data2 do not injection-lock the FP-LD.  
The wavelengths and input powers of data1, data2, 
and cw were 1547.02 nm, 1551.50 nm and 1543.70 
nm and –6 dBm, −9 dBm, and 0 dBm, respectively.  
The corresponding detunes of data1, data2 and cw 
from their respective FP-LD free running modes were 
chosen as 0.07 nm, 0.125 nm and 0.05 nm, 
respectively.  The bias current of the FP-LD is 1.27 Ith.  
Figures 3 (a) and 3 (c) show the eye diagrams of data1 
and data2 respectively before waveform reshaping, 
while Figs. 3 (b) and 3 (d) show the eye diagrams of 
data1 and data2 respectively after waveform reshaping.   
Fig. 3 (c) shows that data2 was distorted more 
seriously as expected because of its lower input power. 
The eye diagrams are clear and open after the 
waveform reshaping. From the thickness of the ‘1’ rails 
in Figs. 3(b) and 3(d), crosstalks between the two data 
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. 3. Eye diagrams of (a) data1 and (c) data2 after
pagation in 100 km of standard single mode fiber before
eform reshaping.   Eye diagrams of (b) data1 and (d)

a2 after simultaneously waveform reshaping using a single
LD.   The time scale is 50 ps/div.  The amplitude scales
 71.6 mV/div for (a), 49.2 mV/div for (c), and 100 mV/div
(b) and (d), respectively. 
nclusion 

conclusion, we have presented an effective method 
reshape the distorted signal in optical fiber 

mmunication systems.  Using the injection locking 
perty of a FP-LD, we experimentally demonstrated 
veform reshaping of one and simultaneously two 10 
/s NRZ signal with a single FP-LD.  The proposed 
veform reshaping technique is not data pattern 
pendent and can be applied to both NRZ and RZ 
matted signals.   
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