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Abstract: We demonstrated a 10 Gb/s optically controlled 2×2 switching cell which can be 
used to construct N×N all-optical switches for all-optical packet-switched networks.  
All-optical packet-switching is performed based on a single optical control bit.   
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1. Introduction 
All-optical packet-switching eliminates the need for optical-electrical conversion and are ideal for high speed 
networks of the future.  However, owing to the lack of optical random access memory and limited optical 
signal processing power available, progresses in all-optical packet-switching have been very slow [1].  
Recently, by using the multimode injection locking property and bistability characteristics of Fabry-Perot laser 
diode (FP-LD), we demonstrated all-optical on-off switching of packets with all-optical header processing [2] 
and an all-optical packet add-drop for an all-optical packet-switched network [3].  In this paper, we 
demonstrated a 10 Gb/s optically-controlled 2×2 switching cell which can be used as the switching fabric of an 
all-optical 2×2 node with all-optical header processing.  The 2×2 switching cell can also be used as the 
building block for the N×N optical switches. 
2. Operating principle 
Figure 1 shows the schematic of the proposed all-optical 2×2 node.  We adopt the self-routing address format 
proposed in [4].  Copies of the two incoming data packets at wavelength λd from the two input ports are sent 
into the all-optical header processor (HP).  Depending on the decision of the HP, it will emit a single control 
bit at wavelength λc which then set the state – CROSS or BAR – of the 2×2 switching cell (shown in the dotted 
box.)  The 2×2 switching cell comprises of one control packet generator (GEN), a signal inverter (INV) and 
four all-optical switches (AOSs).  The switching cell has three inputs: the control bit from the HP, and the data 
streams from Input_1 and Input_2.  AOS-1 receives the data packets from Input_1 and the control packet from 
the GEN while AOS-2 receives the data packets from Input_2 and the inverted control packet from INV.  
AOS-3 receives the data packets from Input_1 and the inverted control packet while AOS-4 receives the data 
packets from Input_2 and the control packet as shown in Fig. 1.  The outputs of AOS-1 and AOS-2 are 
combined to form Output_1 and that of AOS-3 and AOS-4 are combined to form Output_2.  We use XGM of 
semiconductor optical amplifiers (SOAs) to implement the AOSs. The AOSs transmit a data packet if the 
control packet is low and block the data packet when the control packet is high.  By this arrangement of the 
AOSs, if the control packet from the GEN is low, AOS-1 and AOS-4 will transmit while AOS-2 and AOS-3 
will block.  As a result, the data packets from Input_1 will exit at Output_1 and that from Input_2 will exit at 
Output_2 – the switching cell is in the BAR state.  If the control packet is high, AOS-1 and AOS-4 will block 
while AOS-2 and AOS-3 will transmit.  The switching cell is in the CROSS state. Assume that a high 
performance HP is available, an N×N all-optical switch can be constructed based on these 2×2 switching cells. 
Figure 2 shows a schematic of an 8×8 all-optical switch using twenty of the proposed 2×2 switching cells. 
3. Experimental results 
Figure 3 shows the experimental setup of the optically controlled 2×2 switching cell. It is only necessary to 
demonstrate half of the proposed 2×2 switching cell because of the symmetry of the design. The data packets at 
1542.76 nm (λd) are generated by externally modulating a tunable laser (TL_3) using a 10 Gb/s 
non-return-to-zero (NRZ) pulse pattern generator and a LiNbO3 modulator.  Three types of packets are used 
which have header addresses ‘011’, ‘101’, and ‘110’ for pk-1, pk-2, and pk-3 respectively.  The data rates of 
the packet headers are 5 Gb/s and that of the payload are 10 Gb/s.  We used the same data streams for both 
inputs because of equipment limitation. In principle, the header processor checks the output port requests from 
the packets at the two inputs, resolve contention if any, and then set the state of the 2×2 switching cell 
accordingly.  Here we focus on the optically controlled 2×2 switching cell only.  For demonstration purpose, 
we simulate the action of the header processor using a single FP-LD.  We inject a local signal at wavelength 
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1540.16 nm (λc) and the input data packets into the FP-LD.  The local signal is generated by using a 10 Gb/s 
NRZ pulse pattern generator, a 660 MHz pulse pattern generator, and two LiNbO3 modulators on the output of a 
tunable laser (TL_1) with 5.9 dBm injected power and +0.22 nm wavelength detune.  The header of the 
two-level local signal contains ‘010’.  The parameters of the local signal and the FP-LD are chosen such that 
the output control signal of the FP-LD at λc is high if the ‘1’ in the local signal header coincides with the ‘0’ in 
the data header, the output at λc will be low otherwise.  Thus the output control signal of the FP-LD is high for 
pk-2 and low for pk-1 and pk-3.  Consequently, the 2×2 switching cell will be set to CROSS state for pk-2 and 
BAR state for pk-1 and pk-3.  Figures 4a to 4f show the synchronized timing diagrams for the signals at the 
switching cell. The pk-2 from Input_2 is switched to Output_1 and the pk-2 from Input_1 can be easily switched 
to Output_2 if another pair of AOSs is added. We intentionally offset the output of AOS-2 to demonstrate that 
the switching function is properly implemented. 
4. Conclusions 
We have successfully demonstrated an optically-controlled 2×2 switching cell at 10 Gb/s using four SOAs.  
Because of the use of SOAs, higher data rates and integration are possible.  The 2×2 switching cell can form 
the building block for the construction of N×N optical routers. 
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Fig. 1.  Schematic of the proposed 2×2 node.  The 2×2 switching cell is 
shown in dotted box. The timing diagrams corresponding to alphabet labels 
are shown in Fig. 4. 
 

 
Fig. 2.  Schematic of an 8×8 all-optical router. 
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Fig. 4 Synchronized timing diagram at the switching cell: (a) input 
data packets at both Input_1 and Input_2, (b) input local control 
signal; (c) the inverted control signal; (d) output data packets from 
AOS-1 (pass-through); (e) switched local data packets from Input_2 
after AOS-2 (packet-swap); and (f) data packets at Output_1. 
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Fig. 3.  Experimental setup of the proposed 2×2 switching cell. 
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