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Abstract: We demonstrate a 1×4 10 Gb/s all-optical packet switch with all-optical header 

processing and 2R regeneration using injection-locked Fabry-Perot lasers diodes. The header and 

payload rates are 5 Gb/s and 10 Gb/s respectively. 
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1. Introduction 

All-optical packet switches in which both header processing and packet routing are carried out in the optical domain 

eliminate the need for optical-electrical conversion and are expected to play an important role in future high speed 

networks [1]. Recently we demonstrated a 1 x4 all-optical packet switch with all-optical header processing using 

multi-mode injection locking in a single Fabry-Perot laser diode (FP-LD) [2]. The data rates of the header and the 

payload are 5 Gb/s and 10 Gb/s respectively. In the proposed all-optical packet switch, every output port of every 

node in the node is identified by a bit the address header. If the header address of a data packet matches (does not 

match) with that of local control packet of an output port in a node, the FP-LD is injection-locked at the data 

(control) wavelength and transmits (blocks) the data packet. 

In optical networks, data packets can be transmitted over long distance without reshaping or retiming because 

optical amplifiers are used to compensate loss. Noises and waveform distortion however accumulate during data 

transmission. If not compensated, signal degradation will adversely affect the performance of future all-optical 

packet switches. In [3], we used multimode injection-locking in a single FP-LD to simultaneous reshape the 

waveform of two distorted 10 Gb/s NRZ. In this paper, we proposed and demonstrated all-optical packet switching 

with all-optical header processing and all-optical 2R regeneration (reshaping and re-amplification) using 

injection-locking in FP-LDs. The data packets, with header and payload rates at 5 Gb/s and 10 Gb/s respectively, are 

first transmitted over 100 km standard single mode fiber (SSMF). The distorted data packets are then 

2R-regenerated all-optically using a FP-LD. The regenerated data packets and the local control packets are then 

injected into another FP-LD for all-optical packet switching [2]. 

2. Experimental results and discussion 

Figure 1 shows the experimental setup of the all-optical packet switching with all-optical header processing and 

all-optical 2R regeneration. Figure l(a) shows the all-optical 2R regeneration unit. The 10 Gb/s data packets at 

1542.77 nm are generated by externally modulating a tunable laser (TL_I) using a 10 Gb/s non-return-to-zero 

(NRZ) pulse pattem generator and a LiNbO3 modulator. The packet header is 4 bit long with a bit period of 200 ps 
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which means the header rate is 5 Gb/s. The data signals consist of four packets with headers '0111 ', ' 1011 ', ' 1101 ', 

and '1110' in consecutive order. The data packet payload is 48 bits long and the payload rate is 10 Gb/s. The 

guard period is 800 ps long. The data signal was then propagated through two 50-km spans of SSMF (Coming 

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-5 dBm. The total dispersion value of 100 km 

SSMF is about 1700 ps/nm. The signal was severely distorted by dispersion after propagation for 100 km. 

Figure 2(a) shows the distorted waveform of the data signal after propagation of 100 km of SSMF. Figure 2(c) 

shows the eye diagram of a 223-1 PRBS NRZ signal after propagating the same length of fiber. 

We then injected the distorted data signal at average power of-15.2 dBm into a FP-LD (FP-LD1). The bias 

current of the FP-LD is 2.65/th where /th is the threshold current. A cw signal (TL2) of power-11 dBm and 

wavelength 1537.86 nm was also injected into the FP-LD1. The detune between the signal wavelength and the 

nearest FP-LD longitudinal mode was 0.11 nm and that for the cw was 0.08 nm. The function of the cw light used 

is to achieve faster response speed and to improve the extinction ratio of the signal. Figure 2(b) show that 

all-optical 2R regeneration is successful. Figure 2(d) shows the open eye diagram for the 2R-regenerated PRBS of 

Fig. 2(c). Figure 3(a) shows the output spectrum of FP-LD 1 which is used for all-optical 2R regeneration. Figure 

l(b) shows the experimental setup of the all-optical packet switching. The control packets at 1540.17 nm are 

generated using a 10 Gb/s NRZ pulse pattem generator, a 155 MHz pulse pattem generator, and two LiNbO3 

modulators (one at 2.5 Gb/s for the packet generation and the others at 10 Gb/s for the header generation) on the 

output of a tunable laser with 1.9 dBm injected power and +0.26 nm wavelength detune. The output of the 155 MHz 

pulse pattem generator is triggered by the clock/32 output of the 10 Gb/s NRZ pulse pattem generator for 

synchronization. The 10 Gb/s data packets at 1542.77 nm from the 2R regeneration unit is amplified by an EDFA. 

The injected power is -11 dBm and the wavelength detune is +0.03 nm. The two 10 Gb/s pattern generators are 

synchronized using an external 10 GHz clock. The cw stabilizer signal at 1537.16 nm is generated by a third tunable 

laser (TL 3) with an injected power of-7.1 dBm and the wavelength detune is +0.07 nm. The bias current of the 

FP-LD is 2.19Ith. The header of the control packet is '0100' which corresponds to the complement of the address of 

the second packet. 

Figure 3(b) shows the spectrum of the output of the FP-LD used for packet switching (FP-LD2). Figures 4(a) 

and 4(b) show the timing diagrams of the data packets and control packets respectively at the input of FP-LD2. 

Figures 4(c) and 4(d) show the switched output of the control signal and 2R-regenerated data signals respectively. 

When the header of the data packet matches with that of the control packet, i.e. packet 2, the FP-LD transmits the 

data packets and suppresses the corresponding control packet. Otherwise, FP-LD2 switches on the control signal 

and suppresses the corresponding data packets. In this case, FP-LD2 allows part of the '1' bit in the data packet 

header that coincides with the '1' bit in the control packet header to pass through because of the finite response time 

of the FP-LD. Figure 4(e) shows the zoom-in timing diagram of switched data packet 2. The desired data packet 

(packet 2) is switched out. 

3. Conclusion 

We have demonstrated a 1×4 all-optical packet switch with all-optical heading processing and all-optical 2R 

regeneration. The header and payload rates are 5 Gb/s and 10 Gb/s respectively. The data packets are first 

transmitted in 100 km of SSMF and severely distorted. The packets are then sent to the packet switching unit after 

all-optical reshaping. The desired data packets are switched out successfully. 
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Fig. 1. Experimental setup of (a) all-optical 2R regeneration 
and (b) all-optical packet switching with all-optical header 
processing; For FP-LDI: the temperature is 18°C and the 
bias current is 17.5 mA; for FP-LD2: the temperature is 
16°C and the bias current is 20 mA. 
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Fig.3 Output spectrum of (a) FP-LD1 for 2R regeneration 
and (b) FP-LD2 for all-optical packet switching with 
all-optical header processing. For FP-LD1, the detunes for 
the data packets and cw are 0.11 nm and 0.08 nm. For 
FP-LD2, the detunes for the data packets, cw, and control 
packets are +0.03 nm;, 0.07 nm, and 0.26 nm respectively. 
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Fig.2 The timing diagrams of one of the 10 Gb/s NRZ data packets 
after propagation in 100 km of SSMF (a) before and (b) after 2R 
regeneration using a FP-LD. The eye diagrams of a 223-1 PRBS 
NRZ signals after propagation of 100 km of SSMF (c) before and 
(d) after 2R regeneration using the same FP-LD for reference. Inset 
is the eye-diagram of the input. 
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Fig.4 Synchronized timing diagrams for (a) the 10 Gb/s input 
data in sequence of 4 packets with headers '0111 ', '1011 ', '1101' 
and '1110' consecutively and (b) the local control packet with 
header ' 1011' at the input to the FP-LD2. Timing diagrams for (c) 
the switched control packets; (d) the switched data packets at 3 
ns/div; and (e) zoom-in timing diagram of switched data packet 2 
at the output of FP-LD2 
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