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ALL-OPTICAL HEADER PROCESSING AND
PACKET SWITCHING

BACKGROUND

1. Field of the Invention

The present invention relates generally to optical telecom-
munication, and particularly to all-optical header processing
and packet switching.

2. Background of the Invention

With the increasing popularity of the World Wide Web, the
Internet protocol which is by nature a packet-switching tech-
nology has become the de facto data transmission standard.
However, current optical networks are still based on circuit-
switching technology and therefore may not be suitable for
handling heavy data traffic. Processing and routing of packet-
formatted signals optically are hampered by the lack of prac-
tical optical buffers and the limited capability of available
optical logic gates.

In the conventional design, a typical packet switch gener-
ally includes a header processing unit (HPU) and a packet
routing unit (PRU). The HPU processes the header of an
incoming packet, determines which output port the input
packet should be sent, and set the PRU accordingly. During
the packet transmission, either physical or logical, a data path
is then provided by the PRU between the related input and
output ports. Most of the current optical packet switches are
in fact hybrid optical packet switches, i.e., while the packet
remains in the optical domain, a copy of the packet header is
converted into electrical signals for processing in the HPU.
The decision of the HPU is then used to set the PRU to route
the packet.

OBIJECT OF THE INVENTION

Therefore, it is an object of the present invention to provide
an all-optical switching of an optical packet, or at least pro-
vide the public with a useful choice.

It is another object of the present invention to provide
all-optical header processing, or at least provide the public
with a useful choice.

It is a further object of the present invention to provide an
all-optical add/drop node, or at least provide the public with a
useful choice.

SUMMARY OF THE INVENTION

According to an aspect of the present invention, a process
for all-optically switching an incoming optical signal having
at least a data packet is provided. The data packet including at
least an address bit in its header, and the process includes

receiving the data packet;

processing the header optically;

storing the decision made during the processing of the

header; and

switching the whole incoming data packet dependent upon

the decision.

According to a second aspect of the present invention, an
optical signal switch, which receives an incoming optical
signal, is provided. The incoming optical signal includes at
least a data packet having at least an address bit in its header,
and the switch includes:

an input optical control signal source for generating an

input optical control signal including at least a trailer of
a first optical intensity and at-lease a trigger of a second
optical intensity;

—
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2

a first laser device, into which both the incoming data
signal and the input control signal are injected, and
which outputs an output control signal and an output
data signal,

wherein the first laser device includes at least locked and
unlocked states at both A_ and A, respectively, and
wherein the first laser device selects between the locked
and unlocked states at the wavelength of A, dependent
upon a correlation between the trigger and the address
bit such that the switch is capable of selectively trans-
mitting the incoming data packet.

According to a third aspect of the present invention, an
optical header processor for processing a header of an incom-
ing a data packet is provided. The data packet has at least an
address bit in its header, and the header processor includes:

an input optical control signal source for generating an
input optical control signal including at least a trailer of
a first optical intensity and at least a trigger of a second
optical intensity;

a first laser device, into which both the incoming data
signal and the input control signal are injected, and
which outputs at least an output control signal;

wherein the output control signal of the first laser device is
selectively switched on or off for a period at least as long
as the incoming data packet dependent upon a correla-
tion between the trigger and the address bit.

According to a further aspect of the present invention, an
optical add/drop node for downloading an incoming data
packet from an optical signal to a local network and for
uploading a local data packet onto the optical signal includes

an optical header processor described thereabove, which
receives the incoming data packet and outputs the output
control signal;

a first, a second and a third individual optical signal switch
controlled by the output control signal of the optical
header processor, wherein the first and second switches
receives the optical signal with the incoming data
packet, wherein the third switch receives the local data
packet, and wherein as controlled by the output control
signal, the first switch selectively suppresses the incom-
ing data packet in its output, and both the second and
third switch selectively transmit the incoming data
packet or the local data packet, which they respectively
receive.

Other aspects and advantages of the invention will become
apparent from the following detailed description, taken in
conjunction with the accompanying drawings, which descrip-
tion illustrates by way of example the principles of the inven-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates measured hysteresis traces for the two-
beam injection-locking in a Fabry-Perot laser diode, which
can be used in the present invention;

FIG. 24 illustrates the format of an input data signal suit-
able for being used in an exemplary header processor of the
invention;

FIG. 2b illustrates the format of an input control signal
suitable for being used in an exemplary header processor of
the invention;

FIG. 2¢ illustrates the processing by the exemplary header
processor of the invention;

FIG. 3 illustrates the exemplary header processor accord-
ing to an embodiment of the invention;

FIGS. 4a-c respectively illustrate an input control signal, a
first input data packet in which its “1” address bit temporally
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overlaps with the trigger of the control signal, and a second
input data packet in which its “1” address bit does not overlap
with the trigger of the control signal;

FIGS. 5a-c respectively illustrate synchronized temporal
profiles of the input data packets, the input control signal and
the output control signal;

FIG. 6 illustrates a temporal profile of an input control
signal generated by direct modulation of a distributed feed-
back laser diode;

FIG. 7 illustrates a 1xN all-optical packet switch;

FIG. 8 illustrates an all-optical add/drop node; and

FIGS. 9a-d illustrates another synchronized temporal pro-
files of the input control signal, the input data packets, the
output control signal, and the output data packets.

DETAILED DESCRIPTION

It is observed that the presence of a signal at a wavelength
A, of a Fabry-Perot laser diode (FP-LD) can lower the injec-
tion locking threshold at another wavelength A . The genera-
tion of a packet long output control signal from interaction at
a single bit is based on the bistable nature of injection locking
in the FP-LD, i.e., it takes less power to maintain injection-
locking than to initiate one. FIG. 1 shows the input-output
power characteristic of a continuous wave (CW) signal
injected into an FP-L.D under one-mode and two-mode injec-
tion. The CW signal is generated from a tunable laser at
wavelength 1547.02 nm with +0.1 nm wavelength detune
from one of the free-running longitudinal modes of a com-
mercially available FP-LD biased at 1.31, where I, is the
threshold current. The solid lines show the power hysteresis
of single-mode injection locking. The power required to
maintain injection-locking of a FP-LD can be less than the
power required to initiate injection-locking from its unlocked
state. The dashed line in FIG. 1 shows the measured hysteresis
of the same injected signal when a second signal at 1554.60
nm, which is at zero detune from another FP-LD mode, is
injected into the FP-L.D at a power of =10 dBm. The injection-
locking threshold of the first injected signal decreases in the
presence of the second signal.

FIGS. 2a-c illustrate an exemplary scheme for all-optical
header processing and output control signal generation using
a single FP-LD 205. The exemplary scheme requires an input
control signal 201, 202 at wavelength A thathas a trigger 215
at power P, and a long trailer at power P, where P,>P, (FIG.
25b). The guard band 219 between the input control signals
201 is at zero power. Ideally the width of the trigger 215
equals to the bit period of the data packet payload 213 (see
FIG. 2¢). The total length of the input control signals 201,202
equals to that of a data packet 207 of an incoming optical
signal 203 shown in FIG. 2¢. The incoming signal 203 shown
in FIG. 2chas two data packets 207, 208, each having a header
or address 211 and a payload 213. In the exemplary embodi-
ment, each header 211 has a single “1” bit 209 for identifying
the address of destination of the corresponding data packet
207. For example, in the exemplary embodiment, there are
two data packets, and the header can be in the form of 01 and
10 respectively.

Furthermore, the wavelengths of the input control signal
201, 202 and incoming data packets 207, 208, A and A, are
located at the longer wavelength side of two different longi-
tudinal modes of the FP-LD 205. The power of the input
control signal trigger P, is chosen to be P, =P, <P, , where
P,,; and P, are the injection-locking thresholds of the FP-
LD 205 at wavelength A in the absence and presence of the
data packets 207, 208 at A, respectively. In other words, P,
and P,,, are respectively the single-mode and two-mode
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4

injection locking thresholds of the FP-LD 205 at ... Thus the
input control signal trigger will injection-lock the FP-LLD 205
and experience power gain if it matches a ‘1’ in the data packet
207, 208, but the input control signal trigger 215 cannot
initiate injection locking alone, i.e., if it matches with a ‘0’ in
the data packet 207, 208. The power of the input control signal
trailer P, is chosen to be P, ;=P,<P, ,, where P,,; is the
power at which the FP-LD 205 returns to the unlocked state
from the locked state, such that once the input control signal
trigger 215 initiates injection-locking in the FP-LD 205 the
trailer 217 can sustain the injection-locking state at wave-
length A _till the end of the input control signal 201 because of
the bi-stable property of injection-locking. The input control
signal trailer 217, however, cannot initiate injection locking
even in the presence of the ‘1’ bits in the data packet 207, 208.
From FIG. 1, P, ; at wavelength A _ is the same both in the
presence or absence of the signal at wavelength A,. FIG. 2¢
shows schematically the output control signal 221 at the
output of the FP-LD 205 without (see reference number 225)
and with (see reference number 227) injection locking. It is
understood that the FP-LLD 205 also outputs an output data
signal 223 at the wavelength A,.

FIG. 2¢ shows the signal processing schematically. The
FP-LD 205 is set in the locked state at wavelength A, in the
beginning. For data packet pk_1 207, the input control signal
trigger 215 of the input control signal 201 matches with the
‘1’ bit 209 in the header 211 in the time domain. Injection
locking at wavelength A _is initiated and sustained through the
duration of the input control signal 201. In other words,
FP-LD is switched from the locked state to the unlocked state
at wavelength A ;, and from the unlocked state to the locked
state at wavelength A_. The output control signal 221 of the
FP-LD 205 at A_ is therefore high (ON state), and the output
data signal 223 may be relatively significantly suppressed as
could be understood in the art.

During the guard band period 219 of the input control
signal, the FP-LLD 205 returns back to the unlocked state at
wavelength A in the exemplary embodiment due to the zero
power of the input control signal during this period.

Afterwards, data packet pk_2 208 arrives, and the control
signal trigger 215 of the input control signal 202 does not
match with the “1°bit 209 in the header 211. Injection locking
at wavelength A is not initiated either at the control signal
trigger 215 or at other part of the input control signal 202. The
output control signal of the FP-LD 205 at wavelength A_ is
low (OFF state), while the FP-LD 205 may transmit data
packet pk_2 208 in its output data signal 223 as shown in FI1G.
2¢ since the FP-LD 205 is in the locked state at wavelength A,
during this period in the exemplary embodiment.

FIG. 3 shows an exemplary all-optical header-processor. A
CW signal at 1537.41 nm with power —11.98 dBm (measured
before injection into the FP-LD) from a tunable laser TL-3 is
injected into the main mode of the FP-LD to suppress the
output of FP-LD during the guard band period. The 10 Gb/s
non-return-to-zero (NRZ) data packet at 1534.65 nm was
generated by externally modulating a tunable laser TL-2 with
power —=20.35 dBm (measured before injection into the FP-
LD). The input control signal at 1541.41 nm was produced by
externally modulating another tunable laser TL-1 using two
Mach-Zehnder Modulators with different extinction ratios as
could be understood in the art. The power for the control
packet measured at the output of the FP-LD is -1.83 dBm
before injection into the FP-LD. The pulse width of the trigger
in the control packet is 200 ps, which determined the header
processing rate as 5 Gb/s. The duration of the input control
signal is 5.5 ns and the guard period is 0.95 ns, thus the
repetition rate is 155 MHz. The wavelength detunes for the
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input control signals, the input data packets and the CW
signal are +0.24 nm, +0.08 nm and +0.06 nm with three
different FP-L.D modes respectively. The bias current of the
FP-LD is 1.31,,.

FIG. 4a shows the temporal profile of the input control
signal. FIGS. 45 and 4¢ shows the two types of data packets
used: pk_1 and pk_2 which have a 2-bit address header with
bit patterns of “10” and ‘01’ respectively. The bit period is 200
ps, thus the header rate is 5 Gb/s. The input data-packets and
the input control signals are synchronized such that the head-
ers of the data packets are aligned with the input control signal
trigger. FIGS. 5a, 5b and 5¢ show the input 10 Gb/s NRZ data
packets, the synchronized input control signal, and the
switched output of the control signals respectively. The out-
put of the control signal is high (ON) and low (OFF) if the
input control signal trigger matches with a ‘1” or ‘0” bit
respectively in the data packet address header. Thus a packet
long output control signal is generated by the action at a single
bitlocation in the address header. The switched output control
signal can then be sent to a packet routing unit (not shown) to
forward the data packets as generally understood in the art.
For example, the output control signal can be sent to control
a simple all-optical on/off switch such as a semiconductor
optical amplifier (SOA), which also receives the data packets,
to selectively transmit or suppress the data packets.

Alternatively, the input control signal can be generated by
direct modulation of a distributed feedback (DFB) semicon-
ductor laser diode with square electrical pulses (not shown) as
generally understood in the art. The peaks of the natural
relaxation oscillations initiated by the modulation can func-
tion as the trigger while the steady state output of the laser
serves as the trailer of the required control signals. FIG. 6
shows the two-level input control signal generated by direct
modulation of a DFB laser. The parameters of the modulation
needs to be chosen to satisfy the criteria described in with
references to FIGS. 2-5, i.e., 1) only the first peak of the
relaxation oscillation will initiate injection locking at wave-
length A in the presence of the data signal, and ii) the rest of
the relaxation oscillation and the steady state output itself
cannot initiate injection locking even in the presence of the
data signal at wavelength A, but can sustain injection locking
once it is started at the trigger portion of the header region.

Other types of laser diodes may be also suitable for gener-
ating the input control signal, for example, a vertical cavity
surface emitting laser (VCSEL) or a Fabry-Perot laser diode.

FIG. 7 shows a schematic of an exemplary 1xN all-optical
packet switch. An incoming packet is first split into N parts
using a 1xN coupler into the N output ports of the 1xN switch.
The packet processor (PP) at each output port transmits a
packet only if the packet header address matches with the
address of the output port and blocks the packet otherwise.
For an incoming packet, only one of the N PP’s will transmit
while the other (N-1) PP’s will block the data packet. The
packet forwarding function is thus realized. Because of the
splitting of the signals by the coupler, in practice the data
packets needs to be amplified after splitting. The size of the
proposed all-optical packet switch is therefore limited by the
signal to noise ratio of the amplified data packets after the
splitting.

In this demonstration of one output port of the 1xN optical
switch, a data packet indicates its intended output port at a
node by setting the corresponding address bit in the header to
‘0’ and the rest of the address bits to ‘1’s. The input control
signal header contains the complement of the address, i.e., the
bit in the control signal header corresponding to the output
portis setto “1°, all other bits in the control signal header are
set to ‘0’. With this arrangement, when the address the data
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packet matches with that of the input control signal, the
FP-LD will be injection-locked at wavelength A, and will
therefore transmit the data packet. Otherwise, the FP-LD will
be injection-locked at wavelength A_ and blocks the data
packet. For simplicity, it is assumed in the following that the
header of a data packet contains only the address of an output
port of a single node. In the embodiment, four different data
packets are encoded with different header bits which indicate
four different output ports. The data packet header is therefore
only 4 bits long. The bit period at the header is 200 ps long
which means the header rate is 5 Gb/s. The packet headers of
the four different packets are arranged in the order of ‘0111°,
‘10117, “1101°, and “1110° for pk_1 to pk_4 respectively.
Thus the data packets are arranged such that they are intended
for output port 1 to 4 in consecutive order. The data packet
payload is 48 bits long. The bit period at the payload is 100 ps
long corresponding to a payload rate of 10 Gb/s. The guard
period is 800 ps long. The payload length is chosen for con-
venience and in principle can be hundreds of thousands of bits
long. The guard period is limited by the rise-time and fall-
time of the control signal and can be further reduced. The
header of the control signal is ‘0100 which corresponds to the
complement of the address of output port 2 of the 1x4 switch.
When the header of the data packet matches with that of the
input control signal, for example, pk_2 only, the FP-LD trans-
mits the data packets and otherwise blocks the packets. How-
ever, because of the finite response time of the FP-LD, part of
the address headers of the blocked data packets, i.e., pk_1,
pk_3, and pk_4, is able to pass through the FP-LD before
injection locking by the control signal header at wavelength
A can take place. The switching ratio is about 7.5 dB mea-
sured in the time domain with zero level at around -20 dBm.

FIG. 8 shows an exemplary all-optical packet add/drop
node for an all-optical packet-switched ring network. For
better utilization of the bandwidth, it is assumed in this appli-
cation that the network is slotted, i.e. all the packets are
synchronized. A ring topology is chosen for simplicity.

The functions of the add/drop node are (i) to add a packet
to the network (denoted by thick solid line in FIG. 8) if the
incoming slot is empty or the incoming transit packet is
destined for the node, and (ii) drop a packet from the ring into
the local output port (denoted drop port in FIG. 8) if the
address of the packet matches that of the node.

The node is constructed with five all-optical logic devices.
HPU serves as an all-optical header processor. INV functions
as a signal inverter, i.e. the output of INV will be high if the
input is low and vice versa. SW1, SW2, and SW3 are simple
all-optical on/oft switches. SW1 controls whether a transit
packet in the ring is allowed to continue on in the ring, SW2
determines whether a packet in the ring can be sent to the local
drop port, and SW3 determines whether a packet from the add
port of the node can be placed in the ring.

The exemplary node operates as follows. If the address
header of a transit data packet in the ring entering the node
through the transit port matches with the address of the node
carried by the control signal input to HPU, HPU will generate
a control signal that will set SW1 to block the packet while
setting SW2 and SW3 to transmit. As a result, the data packet
is removed from the ring and passed to the drop port. Thus the
packet drop function ofthe node is achieved. At the same time
SW3 allows a packet from the local add port, if any, to be
placed in the ring to fill the vacated time slot. If the address
header of the transit data packet in the ring does not match
with that of the node, SW1 is set to transmit while SW2 and
SW3 are set to block. In this case, the packet in the ring is
transmitted to the next node while no packet is allowed to be
added to the ring.
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TABLE 1

Summary of the logic operation of the
exemplary all-optical add/drop node

SW1 SW2 SW3
Transit Input (transit (drop (add
packet Packet HPU INV port) port) port)
Empty Yes ON OFF Block Transmit  Transmit
packets
Empty Empty ON OFF Block Transmit  Transmit
packets
Address Yes ON  OFF Block Transmit  Transmit
match
Address Empty ON OFF Block Transmit  Transmit
match
Address Yes OFF ON  Transmit Block Block
not-match
Address Empty OFF ON  Transmit Block Block
not-match

In order to avoid differentiating an empty time slot from an
occupied time slot, the address of empty packets is defined
such that they are accepted by all the nodes in the network. In
addition, a node will continue to transmit empty packets even
if it has nothing to send. As a result, each node continuously
accepts empty packets from the node upstream and sends
empty packets to the node downstream even if there are no
user data packets in the network. By this construction, the task
of separating empty slots from those containing user infor-
mation sent from other nodes is pushed to the local node, thus
relieving the optical signal processing requirement of the
proposed add/drop node. The operation of the proposed all-
optical add/drop node is summarized in Table 1.

Various alternatives can be made to the embodiment(s)
described above. For example, other types of laser devices
can be used to replace the Fabry-Perot laser diode. Preferably,
such laser devices is also a multimode laser and can work in
bistable states. When such laser device works as a switch or
header processor, two or three external optical signals at
different wavelengths are injected into the laser device. The
laser device can be injection-locked by one of the externally
injected optical signals, and the processing is achieved when
the wavelength at which the laser device is injection locked is
changed from one wavelength to another or when the laser
diode changes from one of the locked and unlocked states at
a particular wavelength to the other, preferably at the wave-
length of the input control signal. It could be understood in the
art that the processing can also be achieved when the laser
diode changes from one of the locked and unlocked states at
the wavelength of the input data signal. In the scenario, when
the laser diode is in the locked state at the wavelength of the
input data signal, the intensity of output data signal may
experience a significant gain; whereas when the laser diode is
in the unlocked state at the wavelength of the input data
signal, the output data signal may be suppressed to a relatively
significant extent.

In addition, the input control signal may have various for-
mats, and FIGS. 9a-d illustrates another example, in which
the trigger 901 and the trailer 903 are interlaced. Specifically,
part of the trailer 903 is inserted in the trigger 901. Also, it can
be understood in the art that width of the trigger can be shorter
than the bit period of the input data packet so long as it is
sufficient to trigger the FP-LD to change from the unlocked
state to the locked state at A

Furthermore, the powers and wavelength detunes of both
the control signal and the data signal can be chosen to deter-
mine at which situation—whether the address bit of the data
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packet matches or does not match with the trigger of the
control signal—the laser device should transmit or block the
data packet. For example, the address bit can be implemented
by the absence of optical intensity in the corresponding bit
window. In such a scenario, the output at A is switched off if
the trigger matches the address bit.

What is claimed is:

1. A process for optically switching an incoming optical
signal having a header address bit in a data packet of the
incoming optical signal, the process comprising

(a) injecting the data packet and an input optical control
signal into a laser device, said optical control signal
having a first wavelength Ac and the data packet having
a second wavelength Ad and said laser device having
both locked and unlocked states at the first wavelength
Ac and the second wavelength Ad;

(b) optically processing the header of the data packet by
setting the laser device at the locked state or the unlocked
state at the wavelength Ac and by maintaining the state of
the laser device for processing of the packet;

(c) said state of the laser device being based upon the
combination of a trigger of a first optical intensity in the
control signal and the address bit of the data packet; and

(d) said state of the laser device being maintained by a
trailer of a second optical intensity of the control signal;

(e) selectively enabling the transmission of the data packet
based upon the state of the laser device.

2. The process of claim 1, wherein the input optical control
signal is generated by directly modulating a second laser
device.

3. The process of claim 1, wherein a width of the trigger is
at least substantially a same as a bit period of an incoming
data packet.

4. The process of claim 3, wherein the laser device is a
Fabry-Perot laser diode, into which both the incoming data
signal and the input control signal are injected, and said
Fabry-Perot laser outputting an output control signal and an
output data signal.

5. The process of claim 4, wherein the Fabry-Perot laser
diode is injection-locked into the locked state at wavelength
A such that the output control signal of the Fabry-Perot laser
diode is switched on for a period at least as long as the
incoming data packet, and wherein the process further
includes using the output control signal for selective trans-
mission of the incoming data signal.

6. The process of claim 5, wherein the Fabry-Perot laser
diode has injection locking thresholds P, and P, , at A inthe
absence and presence of the data packet at A, respectively,
wherein the power of the trigger P, is set to be P, ,<P,<P,,;,
and wherein the power of the trailer P, is set to be P,<P,,,.

7. The process of claim 6, wherein power of the trailer P is
set to be P, ;<P,, wherein P, ; is the threshold at which the
Fabry-Perot laser diode switches from the locked state to the
unlocked state at wavelength A...

8. The process of claim 1, wherein the input control signal
and the incoming signal have a first and a second wavelength,
A, and A, respectively, and wherein the step of selective
enabling the transmission includes

transmitting the whole data packet in the output data signal.

9. The process of claim 1, wherein the input optical control
signal is generated by modulating a third laser device through
a first and a second modulator optically connected in series.

10. An optical signal switch for receiving an incoming
optical data signal having a header address bit in a data packet
of'the incoming optical signal, the optical signal switch com-
prising:
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an input optical control signal source for generating an
input optical control signal at a first wavelength A _, said
input optical control signal including a trailer of a first
optical intensity and a trigger of a second optical inten-
sity;

a first laser device, for injecting both the input control
signal at a first wavelength A and the incoming data
signal at second wavelength A,

wherein said first laser device having both locked and
unlocked states at wavelength A, and wavelength A,

wherein the first laser device is set at the locked or unlocked
states at the wavelength A upon the combination of the
trigger of the control signal and the address bit of the
data packet and said state of the laser device is main-
tained by the trailer of a second optical intensity of the
control signal;

said state of the laser device selectively enabling transmis-
sion of the incoming data packet and transmission of an
output control signal.

11. The switch of claim 10, further comprising a packet
routing unit, said packet routing unit receiving the incoming
optical signal, wherein the first laser device outputs the output
control signal to the packet routing unit so that the packing
routing unit selectively transmits the incoming data packet
upon the combination of the trigger of the incoming control
signal and the address bit of the data packet.

12. The switch of claim 10, wherein the first laser device
includes a first Fabry-Perot laser diode.

13. The switch of claim 12, wherein the first Fabry-Perot
laser diode has injection locking thresholds P, and P, , atA_
in the absence and presence of the data packet at A, respec-
tively, wherein the power of the trigger P, is set to be
P,,,<P.,<P,,,and wherein the power of the trailer P, is set to
be P,<P,,,.

14. The switch of claim 13, wherein P.is setto be P,, ;<P ,,
wherein P,,; is the threshold, at which the first Fabry-Perot
laser diode switches from the locked state to the unlocked
state at wavelength ...

15. The switch of claim 10, wherein the control signal
source includes a second laser device, said second laser
device is directly modulated so as to generate the control
signal having the trigger and the trailer.

16. The switch of claim 15, wherein the second laser device
includes a second laser diode.

17. The switch of claim 16, wherein the control signal
source includes

a third laser device for generating an optical signal; and
amodulating device for modulating the optical signal so

as to generate the input control signal having the
trigger and the trailer.

18. The switch of claim 17, wherein the third laser device
includes a third laser diode.

19. The switch of claim 17, wherein the modulating device
includes a first modulator and a second modulator optically
connected in series.

20. An optical header processor for processing the header
address bit of an incoming a data packet, the optical header
processor comprising:

an input optical control signal source for generating an
input optical control signal, said input optical control
signal having a trailer of a first optical intensity and a
trigger of a second optical intensity;

a first laser device, for injecting both the input control
signal at a first wavelength A and the incoming data
signal at second wavelength A, wherein said first laser
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device has both locked and unlocked states at wave-
length A _ and wavelength A ;

wherein the first laser device is set at the locked or unlocked
state at the wavelength Ac upon the combination of the
trigger of the control signal and the address bit of the
data packet and said state of the laser device is main-
tained by the trailer of a second optical intensity of the
control signal;

such that said state of the laser device selectively enables
transmission of the output control signal of the first laser
device for a period at least as long as the incoming data
packet.

21. The header processor of claim 20, wherein the first laser

device includes a first Fabry-Perot laser diode.

22. The header processor of claim 21, wherein the first
Fabry-Perot laser diode has injection locking thresholds P,
and P, at A inthe absence and presence of the data packet at
A, respectively, wherein the power of the trigger P, is set to be
P,,»<P<P,,,, and wherein the power of the trailer P is set to
be P;<P,,,.

23. The header processor of claim 20, wherein the power of
the trailer PT is set to be PT<Pth2.

24. The header processor of claim 23, wherein P is set to
be P,,;<P,, wherein P, ; is the threshold, at which the first
Fabry-Perot laser diode switches from the locked state to a
unlocked state at wavelength A such that the output control
signal of the first laser device is blocked.

25. The header processor of claim 23, wherein the input
control signal source includes a second laser device, which is
directly modulated so as to generate the input control signal
with the trigger and the trailer.

26. The header processor of claim 25, wherein the second
laser device includes a distributed feedback laser diode.

27. The header processor of claim 26, wherein the control
signal source includes

a third laser device for generating an optical signal; and
amodulating device for modulating the optical signal so

as to generate the control signal with the trigger and
the trailer.

28. The header processor of claim 27, wherein the third
laser device includes a third laser diode.

29. The header processor of claim 28, wherein the modu-
lating device includes a first modulator and a second modu-
lator optically connected in series.

30. An optical add/drop node for downloading an incoming
data packet from an optical signal to a local network and for
uploading a local data packet onto the optical signal, com-
prising

an optical header processor of claim 20, said optical header
processor being for receiving the incoming data packet
and outputting an output control signal;

first and second optical signal switches controlled by the
output control signal of the optical header processor,
said switches receiving the optical signal with the
incoming data packet;

a third optical signal switch controlled by the output con-
trol signal of the optical header processor and receiving
the local packet;

wherein the output control signal causes the first switch to
selectively suppress output of the incoming data packet,
the second switch to selectively transmit the incoming
data packet and the third switch to selectively transmit
the local data packet.

#* #* #* #* #*
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