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Abstract  On-the-fly header processing and packet add-drop are realized all-optically in the add-drop node using 
two-stage injection-locked laser diodes. Packet add-drop at 10-Gb/s is performed without using any fast opto-
electronic conversion, high-speed electronics and DSP chips.  
 
Introduction 
Add-drop multiplexer are critical device [1] for the 
delivery of high data rate packets between Metro and 
Access networks.  Most reported packet add-drop 
node with header processing were using different 
format header such as wavelength-coded header [2] 
and Binary phase shift keying code (BPSK) [1], where 
the switching of packet by the above schemes is done 
by electrical control optical switch which required fast 
opto-electronic conversion.  In this paper, we 
proposed and demonstrated an all-optical packet add-
drop node using two-stages of injection-locked laser 
diodes.  Both header processing and packet add-drop 
are done optically without using any high speed O/E 
conversion and electronics circuits.  Furthermore the 
formats of the header and data payload are both 
simple non-return-to-zero (NRZ) encoding at 10 Gb/s 
which largely eliminated the complex header 
encoding and decoding procedures.  In the scheme, 
one header bit (~100ps) can control the packet 
clearance of dropped packet; packet adding and 
packet dropping. 
  
Working Principles  
The add-drop node comprises of three optical devices 
processes: (i) all-optical header processor (AOHP) 
and control packet generator (CPG); (ii) all-optical 
shutter (AOS) and (iii) all-optical wavelength 
converter (AOWC).  The input data packet is splitted 
into two portions.  One portion of the input data 
packet is firstly processed by the all-optical header 
processor (AOHP) in the header region. If the 

address bit (~100 ps) is matched with the predefined 
temporal (bit) position, a control packet (same 
duration with the data packet at λc) will be generated 
all-optically.  The control packet from the output of 
AOHP is combined with the other portion of the input 
data packets synchronously and then divided into two 
halves by a coupler (Fig.1).  One halve of the 
combined control signals and data signals is fed into 
the AOS to clear the dropped packet for packet 
adding later.  The other halve of the combined signals 
is injected into the AOWC for demultiplexing of the 
dropped packet.  The dropped packet is wavelength 
converted to λc with data inversion.  The added 
packet is added to the empty time-slot synchronously 
by an intensity coupler.  
 
Experimental Results 
Fig.1 shows the experimental setup for the all-optical 
packet add-drop node.  The data packets are 
generated from a tunable laser (TL_1) operated at 
wavelength of 1555.48 nm, from which three types of 
data packet were produced after modulation: pk #1, 
pk#2 and pk #3.  From which pk #1(dropped packet) 
have the header bit matched with the pre-set bit 
position of the add-drop node where pk #2 is the 
through packet whose header is not matched with 
preset bit Fig. 2(b) and 2(c).  The pre-set bit position 
of the add-drop node is determined by the second 
relaxation peak of the control packet in the AOHP.  Pk 
#3 is the added packet.  All of the data packets are 
modulated in 10 Gb/s NRZ format both in header and 
payload. 

Fig. 1 Experimental setup for the all-optical packet add-drop node.  Inset: The format of the 10 Gb/s data packet 
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The input data packet pk #1 and pk #2 are fed into 
the all-optical header processor for simultaneously 
header processing and control packet generation 
(Fig.1).  The 1546.67 nm special control packet is 
generated locally by direct modulation of a distributed 
feedback laser (DFB) at a synchronized repetition 
rate of 39 MHz (duration of 21.6 ns).  The key 
element of the AOHP is a FP-LD (FP-LD_1) biased at 
1.16 Ith (Ith = threshold current), the injected data 
packet has a power of -17 dBm and a wavelength 
detune of 0.08 nm with one of the FP-LD modes 
where the injected control packet has a power of -
10.9 dBm and wavelength detune of 0.1 nm.  Each 
data packet is synchronized with an input control 
packet. When there is a header bit of the data packet 
injected into the FP-LD_1, red-shift of the FP-LD 
mode occurred and triggers the initially unlocked 
second relaxation peak of the control packet to a 
locked state. Once the second relaxation peak is 
injection-locked, the trailer of the control packet can 
sustain injection locking.  Fig. 2d and 2e depict the 
switched “on” and switched “off” control packets by 
data packets pk #1 and pk #2 respectively.  The 
switching ratio of the control packet can be more than 
20 dB after using a polarizer, which in turn is useful 
for next stage add-drop multiplexing.    One combined 
portion of the control and data signals is fed into the 
AOWC for the “drop” process under wavelength 
conversion by cross-gain modulation in the 
semiconductor optical amplifier, where the other 
portion is injected into another stage of injection-
locked laser diode (FP-LD_2) or the AOS for the 
clearance of the dropped packet.  The incident 
powers to the AOWC of the data packet and the 
control packet are amplified to 8.8 dBm and 4.3 dBm 
respectively, the content of pk #1 will be copied 
inversely into the switched “on” control packet which 
will then being filtered as the dropped packet (Fig. 3f).  
In the AOS [3], a cw stabilizer 1549.90 nm signal is 
injected simultaneously with the combined data signal 
and control signal in FP-LD_2 biased with 1.14 Ith.  
The powers and wavelength detunes for the data 

packet, control packet and stabilizer signal are -10.9 
dBm, -10.3 dBm, -11.3 dBm and +0.05 nm, +0.1 nm, 
+0.03 nm respectively.  Packet clearance for the 
dropped pk #3 can be done by the suppression of the 
data packet signal by the switched “on” control packet 
under multi-wavelength injection-locking [3] as shown 
in Fig. 3e.  The switching ratio of the “on” and “off” 
data packets after the AOS is more than 15 dB. The 
added packet pk #3 can be inserted to the empty time 
slot after the clearance of the dropped packet (pk #1) 
as depicted in Fig. 3g.   

2nd relaxation peak 

 
Conclusion 

Fig. 2 Synchronized temporal profiles for (a) input
control packet; (b) input data packet pk #1; (c)
input data packet pk #2; (d) switched “on” control
packet; and (e) switched “off” control packet.

We have successfully demonstrated an all-optical 
add-drop node which can perform on-the-fly header 
processing, packet clearance and packet add-drop 
using two-stage injection-locked laser diodes.  The 
data packet does not need any special header 
encoding.  The intelligent configuration requires no 
high speed O/E conversion and DSP chip.  The 
preliminary results can be improved by using FP-LDs 
with tailored mode spacing with fast wavelength 
stabilization.  

Fig. 3 Synchronized temporal measurement for (a)
input data packet; (b) local input control packet; (c)
the triggering head region for the special control
packet; (d) output control packet after switching in
AOHP; (e) the pass-through pk #2; (f) the dropped
pk #1with inversely wavelength conversion; (g) the
output of the add-drop node after dropping of pk #1
and adding of pk #3 all-optically. 
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