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There is described a method for converting the wavelength of a pulsed optical signal. An input pulsed signal containing information
and having an input wavelength is buffering by propagating the input pulsed signal in a closed-loop optical regenerative cavity. The
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(57) Abrégé(suite)/Abstract(continued):

propagation comprises converting the input pulsed signal at the input wavelength to a buffer pulsed signal at an adjustable
wavelength and propagating the buffer pulsed signal within the cavity. The adjustable wavelength is set to a buffer wavelength
different from the output wavelength and the buffer pulsed signal contains the information encoded in the input pulsed signal. The
output wavelength is determined from the information encoded in the input pulsed signal. Upon determination of the output
wavelength, the adjustable wavelength of the buffer pulsed signal is set to the output wavelength in order to; outputting the buffer
pulsed signal at the output wavelength from the cavity.
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ABSTRACT

There 1is described a method for converting the
wavelength of a pulsed optical signal. An input pulsed
signal containing information and having an input
wavelength is buffering by propagating the input pulsed
signal in a closed-loop optical regenerative cavity. The
propagation comprises converting the input pulsed signal at
the input wavelength to a buffer pulsed signal at an
adjustable wavelength and propagating the buffer pulsed
signal within the cavity. The adjustable wavelength is set
to a buffer wavelength different from the output wavelength
and the buffer pulsed signal contains the information
encoded in the input pulsed signal. The output wavelength
is determined from the information encoded in the input
pulsed signal. Upon determination of the output wavelength,
the adjustable wavelength of the buffer pulsed signal is
set to the output wavelength in order to; outputting the
buffer pulsed signal at the output wavelength from the

cavity.
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OPTICAL TIME-DELAYED WAVELENGTH CONVERTER

CROSS-REFERENCE TO RELATED APPLICATIONS

[01] This is the first application filed for the present

invention.

TECHNICAL FIELD

[02] The present invention relates to the field of optical
wavelength converter systems, and particularly to systems
having both wavelength converting and time delay line

capabilities.

BACKGROUND

[03] In all-optical wavelength-agile telecommunication
networks, wavelength converters are used for converting the
wavelength of an optical signal carrying a data packet in
order to propagate the data packet into an appropriate
channel. The selection of the appropriate channel is
performed according to the destination address of the data
packet. The destination address encoded in the data packet
must first be read in order to determine the appropriate
channel before converting the wavelength of the optical
signal carrying the data packet to the appropriate
wavelength corresponding to the appropriate channel. The
determination of the appropriate channel and the wavelength
conversion represent time-consuming processes. Therefore, a
time delay must be introduced in the propagation of the
optical signal in order to allow for the determination of
the appropriate channel and the conversion of the optical

signal to the appropriate wavelength.

[04] In order to introduce a time delay in the propagation
of the optical signal, delay lines, such as “slow light”

devices, adapted to slow down the propagation speed of an

-1 -
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optical signal can be used along with optical wavelength
converters. For example, photonic crystals presenting slow
light propagation modes can be wused to reduce the
propagation speed of the optical signal carrying the data
packet while the appropriate channel is determined and the
optical wavelength converter is adjusted to the appropriate
wavelength. In another example, the slowing down of the
optical signal may be achieved by first converting the
optical signal into a phonon which has a reduced
propagation speed with respect to that of light, and then
converting the phonon back into an optical signal. The
phonon may be generated via Brillouin scattering by
propagating the optical signal into an adequate medium such
as an optical fiber or a crystal for example. However,
because the length of the photonic crystal or that of the
Brillouin scattering medium is predetermined and fixed,
such “slow light” devices usually introduce a fixed time

delay for the propagation of the data packet.

[05] Therefore, there is a need for an improved wavelength

converter device having time delay capability.

SUMMARY

[06] There is described a system and method for converting
the wavelength of a pulsed optical signal to a desired
wavelength while inducing a delay in the propagation of the
pulsed optical signal. The pulsed optical signal is
propagated into a closed-loop optical regenerative cavity
which may convert the wavelength of the pulsed optical
signal to the desired wavelength. Furthermore, a desired
adjustable delay may be introduced in the propagation of
the pulsed optical signal by buffering the pulsed optical
signal in the closed-loop optical regenerative cavity for a

period of time corresponding to the desired delay, i.e. by

-2 -
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propagating the pulsed optical signal in the closed-loop
optical regenerative cavity for the period of time
corresponding to the desired delay. The closed-loop optical
regenerative cavity may be seen as an integrated wavelength

converter and adjustable delay line.

[07] According to a broad aspect, there is provided a
method for converting a wavelength of a pulsed signal to an
output wavelength, the method comprising: receiving an
input pulsed signal containing information encoded therein
and having an input wavelength; buffering the input pulsed
signal by propagating the input pulsed signal in a closed-
loop optical regenerative cavity, the propagating
comprising converting the input pulsed signal at the input
wavelength to a buffer pulsed signal at an adjustable
wavelength and propagating the buffer pulsed signal within
the cavity, the adjustable wavelength being set to a buffer
wavelength different £from the output wavelength and the
buffer pulsed signal containing the information encoded in
the input pulsed signal; determining the output wavelength
from the information encoded in the input pulsed signal;
upon the determining the output wavelength, setting the
adjustable wavelength of the buffer pulsed signal to the
output wavelength; and outputting the buffer pulsed signal
at the output wavelength from the cavity, thereby obtaining
an output pulsed signal having the output wavelength and
containing the information encoded in the input pulsed

signal.

[08] According to another broad aspect, there is provided
an optical time-delayed wavelength converter for adjusting
a wavelength of an optical pulsed signal, the converter
comprising: a photodetector for detecting and converting an

input pulsed signal to an electrical signal, the input
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pulsed signal containing information encoded therein and
having an input wavelength; an  output wavelength
determining module for determining the output wavelength
from the electrical signal; a closed-loop optical
regenerative cavity for receiving the input pulsed signal,
the cavity adapted to convert the input pulsed signal at
the input wavelength to a buffer pulsed signal at an
adjustable wavelength, and propagate and output the buffer
pulsed signal therein as a function of the adjustable
wavelength, the Dbuffer pulsed signal containing the
information encoded in the input pulsed signal; and a
wavelength controller for controlling the adjustable
wavelength of the pulsed buffer signal, the wavelength
controller adapted to set the adjustable wavelength to a
buffer wavelength different from the output wavelength in
order to propagate the buffer pulsed signal at the buffer
wavelength within the cavity, and to the output wavelength
upon reception of the output wavelength from the output
wavelength determining module in order to output the buffer

pulsed signal at the output wavelength from the cavity.

[09] The expression “pulsed signal” refers to an optical
signal comprising a series of pulses spaced in time. The
pulses are used for encoding information into the pulsed
signal. For example, the pulsed signal may be used to carry
and propagate a data packet into an optical

telecommunication network.

BRIEF DESCRIPTION OF THE DRAWINGS

[10] Fig. 1. 1is a block diagram of a time-delayed

wavelength converter in accordance with a first embodiment;
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[M11] Fig. 2 1is a flow chart illustrating a method of
converting the wavelength of a pulsed signal, in accordance

with an embodiment;

[12] Fig. 3A illustrates an exemplary embodiment of an

input pulsed signal;

[13] Fig. 3B illustrates an exemplary embodiment of an
output pulsed signal obtained when the input pulsed signal
of Fig. 3A is inputted into the time-delayed wavelength

converter of Fig. 1;

[14] Fig.‘4 illustrates a time-delayed wavelength converter
comprising two optical regenerators each having a
respective nonlinear spectral broadening wmedium, in

accordance with an embodiment;

[16] Fig. 5 is an exemplary graph of an amplitude of pulses

as a function a wavelength;

[16] Fig. 6 illustrates a time-delayed wavelength converter
comprising two optical regenerators sharing a same
nonlinear spectral broadening medium, in accordance with an

embodiment;

[17] Fig. 7 illustrates a time-delayed wavelength converter
comprising three optical regenerators connected together in
a closed-loop configuration, in accordance with an

embodiment; and

[18] Fig. 8 illustrates an optical 3R-regenerator for use
in a time-delayed wavelength converter, in accordance with

a first embodiment; and

[19] Fig. 9 illustrates an optical 3R-regenerator for use
in a time-delayed wavelength converter, in accordance with

a second embodiment.
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DETAILED DESCRIPTION

[200 Figure 1 illustrates one embodiment of a time-delayed
wavelength converter system 10 comprising a closed-loop
optical regenerative cavity 12, a photodetector 14, a
module 16 for determining an output wavelength, and a

wavelength controller 18.

[21] The time-delayed wavelength converter 10 is adapted to
receive an input pulsed signal Sin having an input
wavelength A;j, at a time t, determine an output wavelength
Aout fOor an output pulsed signal Sq., and control the time
t+At at which the output pulsed signal Sce is outputted.
The input pulsed signal S;, contains information about the
output wavelength Aqe encoded therein. For example, the
information about the output wavelength A, may be a
particular value for the output wavelength As:e oOF
information from which the particular value for the output
wavelength Agte can be determined, such as a destination or
a channel for the output wavelength A, for example. The
output pulsed signal Sy, contains substantially the same
information as that encoded in the input pulsed signal Sij
but at the output wavelength Aq:. The time-delayed
wavelength converter 10 is adapted to buffer the input
pulsed signal S;, for a time duration At during which the
output wavelength 2Aqe 1s determined and the output
wavelength of the time-delayed wavelength converter 10 is
set to Agquw. It should be understood that the input and
output wavelengths Ain and Nout may be different.

Alternatively, they may be substantially identical.

[22] The closed-loop optical regenerative cavity 12 1is
adapted to convert the input pulsed signal S;, at the input
wavelength Aj, to a buffer pulsed signal Sy at an

adjustable wavelength. The cavity 12 is further adapted to
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propagate and output the buffer pulsed signal Sy as a
function of the value of the adjustable wavelength. The
photodetector 14 is adapted to detect or sense an optical
signal and convert the detected optical signal to an
electrical signal which is an electrical representation of
the detected optical signal and therefore contains the same
information as that contained in the detected optical
signal. In one embodiment, the electrical signal represents
the amplitude in time of the detected optical signal. The
photodetector 14 is further adapted to send the electrical
signal to the output wavelength determining module 16. The
output wavelength determining module 16 1is adapted to
detect the electrical signal and read the information
contained therein. The output wavelength determining module
16 is further adapted to determine an output wavelength Auu:
from the electrical signal, i.e. from the information
carried by the electrical signal. The output wavelength
determining module 16 is adapted to send an electrical
signal representative of the determined output wavelength
Aout to the wavelength controller 18 which controls the
adjustable wavelength of the buffer pulsed signal Sput
within the cavity 12. The operation of the time-delayed
wavelength converter system 10 for converting the
wavelength of a pulsed signal and delaying in time the
transmission of the wavelength-converted pulsed signal is

described below with respect to Figure 2.

[23] While the present description refers to the amplitude
in time of a pulsed signal, it should be understood that
the photodetector 14 may be adapted to measure the
intensity in time, the power in time, etc, for the detected
pulsed signal. The electrical signal outputted by the

photodetector may be indicative of the amplitude,



CA 02747446 2011-07-22

intensity, power, or the 1like, of the detected pulsed

signal.

[2d] In one embodiment, the cavity 12 has 2R-regeneration
capabilities, i.e. the cavity 12 is adapted to re-amplify
and re-shape the input pulsed signal S;, in addition to
buffering the input pulsed signal S;, and converting the
wavelength of the input pulsed from the input wavelength
Ain to the output wavelength Ag:. In another embodiment,
the cavity 12 has 3R-regeneration capabilities, i.e. the
cavity 12 is adapted for re-amplifying, re-shaping, and re-
timing the input pulsed signal Si, in addition to buffering
the input pulsed signal S;, and converting the wavelength
of the input pulsed from the input wavelength A;, to the

output wavelength Aqye.

[25] Figure 2 illustrates one embodiment of a method 20 for
converting the wavelength of a pulsed signal using the
time-delayed wavelength converter system 10 of Figure 1.
The first step 22 comprises receiving an input pulsed
signal Si, having an input wavelength A;j, at a time t. The
input pulsed signal Si; contains information about an
output wavelength Ao:. As described above, the information
about the output wavelength A, may be a particular value
for the output wavelength Ao or data from which the output
wavelength Ag may be determined such as a network channel,

a destination, and the like.

[26] At step 24, the input pulsed signal Si, is buffered in
the cavity 12 until the output wavelength Ao encoded in
the input pulsed signal S;, be determined. The buffering of
the input pulsed signal S;, is achieved by propagating the
input pulsed signal S;;, in the closed-loop optical
regenerative cavity 12. The input pulsed signal S;i, at the

input wavelength A;, is then converted to a buffer pulsed

-8 -
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signal Sy at a buffer wavelength Mps which propagates
within the cavity 12 until the output wavelength Ao be
determined. The buffer pulsed signal Spus contains
substantially the same information as that encoded in the
input pulsed signal Si, but at the buffer wavelength Apus.
The buffer wavelength Apys is chosen to be different from

the output wavelength Aguc.

[27] At step 26, the output wavelength Ag: is determined.
This is done by first detecting the input pulsed signal Sin
using the photodetector 14. The photodetector 14 converts
the optical input pulsed signal into an electrical signal
which contains the same information as that contained in
the optical input pulsed signal. For example, the
electrical signal may represent the amplitude, intensity,
or power in time of the input pulsed signal Si,. Then the
electrical signal 1is sent to the output wavelength

determining module 16.

[28] The output wavelength determining module 16 receives
the electrical signal from the photodetector 14 and
determines the output wavelength A from the electrical
signal. The wavelength controller 18 receives the
determined output wavelength A, from the output wavelength
determining module 16 and adjusts the wavelength of the
buffer pulsed signal Sy propagating in the cavity 12 from
the buffer wavelength Apr to the output wavelength Aque, at
step 28. At step 30, the buffer pulsed signal Sy having
the output signal is outputted from the cavity 12, thereby
generating an output pulsed signal Sou: having the output
wavelength Ao and containing substantially the same

information as that encoded in input pulsed signal Sij.

[29] Following the method 20, an input pulsed signal S;, is

received by the cavity 12 at a time t and converted to a

_ 9 -
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buffer pulsed signal Sy at a buffer wavelength Apyus
containing substantially the same information as that
encoded in. The buffer pulsed signal S, propagates within
the cavity as long as the output wavelength A, has not
been determined. Upon determination of the output
wavelength Ag: or after a buffering time corresponding to a
desired delay, the wavelength controller 18 sets the
wavelength of the buffer pulsed signal Sy, to the output
wavelength Ao and the buffer pulsed signal at the output
wavelength Aq: is outputted from the cavity 12 at the time
t+ At. In one embodiment, the time duration At corresponds
to the time required for determining the output wavelength
Aot and adjusting the wavelength of the buffer pulsed
signal Sp,s to the output wavelength Aoe. During the time
duration At, the input pulsed signal S;, is converted to
the buffer pulsed signal Sy which is buffered in the
cavity 12. In this embodiment, the buffering time for the
buffer pulsed signal Spys 1s minimized and, as soon as the
output wavelength Ao has been determined, the wavelength
of the buffer pulsed signal Sy is adjusted to the output
wavelength Ao in order to output the buffer pulsed signal
Sper at the output wavelength Aye from the cavity 12. In
another embodiment, the buffer pulsed signal Sk may be
propagated in the cavity 12 for a predetermined period of
time so that the time difference between the input of the
input pulsed signal S;, and the output of the output pulsed
signal S.u substantially corresponds to a desired delay to
be introduced in the propagation of the pulsed signal. In
this case, the time duration At may be longer than the time
required for detecting the input pulsed signal Sin,
determining the output wavelength Aqe:, and adjusting the
wavelength of the buffer pulsed signal Sy to the output

wavelength 2Agye- In this embodiment, further to the

-10 -
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determination of the output wavelength Ao (step 26) and
the setting of the adjustable wavelength to the output
wavelength Ao (step 28), other steps may be performed by
the time-delayed wavelength converter 10 during the time
duration At. For example, a step of verification of the

value for the output wavelength Ao may be performed.

[30] In one embodiment, the detection of the input pulsed
signal S;, with the photodetector 14 is performed before
the propagation of the input pulsed signal 8S;, in the
cavity 12. In another embodiment, the detection of the
input pulsed signal S;, occurs substantially concurrently
to the coupling of the input pulsed signal S;, into the
cavity 12. In a further embodiment, the detection of the
input pulsed signal S;, is performed after the coupling of

the input pulsed signal S;, into the cavity 12.

[31] Figure 3A illustrates an example of an input pulsed
signal 40 which comprises three pulses 42, 44, and 46
corresponding to a “1, 0, 1” series of bits. Pulses 42, 44,
and 46 have a duration or width &t; and successive “0” and
“1” pulses 42, 44, and 46 are spaced in time by a pulse
interval T; corresponding to a first bit rate or frequency.
The amplitude of pulses 42 and 46 is twice that of pulse
44, for example. Figure 3B illustrates an example of an
output pulsed signal 50 obtained when the input pulsed
signal 40 is propagated into the time-delayed wavelength
converter system 10 of Figure 1. The output pulsed signal
50 substantially contains the same information as that
contained in the input pulsed signal 40, i.e. the “1, 0, 1”
series of bits. The pulsed output signal 50 comprises two
pulses 52 and 56 each corresponding to a “1” Dbit. The
absence of pulse 54 at time t,+At is interpreted as a “0”

bit. The pulses 52, and 56 have a duration &t, and the
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CA 02747446 2011-07-22

pulse interval between successive “0” and/or “1” pulses 52,
54, and 56 1is T, corresponding to a second bit rate or

frequency.

[32] In an embodiment in which the cavity 12 is provided
with 2R-regeneration capabilities, the input pulsed signal
40 1is re-amplified and re-shaped while propagating in the
cavity 12. In this case, the amplitude and duration d&t, of
the pulses 52 and 54 are set to predetermined values. For
example, the input pulses 42 and 46 having an amplitude
greater than a predetermined amplitude threshold 48 are
converted into “1” pulses 52 and 56 having a predetermined
and non-zero amplitude. The amplitude of the input pulse 44
which is below the amplitude threshold 48 is substantially
set to zero. It should be understood that the amplitude and
duration of the “1” pulses 52 and 56 can be any adequate
value. For example, the amplitude of pulses 52 and 56 may
be greater than the amplitude of pulses 42 and 46 and the
pulse duration or width &t, can be less than that of the
input pulses 42 and 46 dt;. In one embodiment, the ™“1”
output pulses 52 and 56 have substantially the same

amplitude and duration.

[33] In another embodiment in which the cavity is provided
with 3R-regeneration capabilities, the input pulsed signal
40 is re-amplified, re-shaped, and re-timed while
propagating in the cavity 12. In this case, the amplitude
and duration &t,, of the pulses 52 and 54 are set to
predetermined values. In addition, any jitter present in
the input pulsed signal 40 is substantially eliminated,
i.e. the time interval T, between successive pulses 52, 54,
and 56 1is substantially constant throughout the output
pulsed signal 50 and substantially corresponds to the bit

rate of the input pulsed signal 40.

_12 -
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[34] The skilled person will understand that errors may
occur during the generation of the output pulse signal 50
so that the information contained in the output pulsed
signal substantially corresponds to that contained in the
input pulsed signal with an acceptable error rate. For
example, a “1” bit of the input pulsed signal 40 may be

reproduced as a “0” bit in the output pulsed signal 50.

[38] In one embodiment, the time-delayed wavelength
converter 10 is used as an optical switch in an optical
wavelength-agile telecommunication network. In such a
network, data packets are routed through channels which are
each associated with a respective wavelength. The channels
followed by a data packet depend on the final destination
for the data packet. The data packet usually comprises
information about its final destination. For example, such
destination information may be included in the header of
the data packet. The channels to be taken by the data
packet are determined from the destination for the data
packet. Because the channels are each assigned a respective
wavelength, it is necessary to convert the wavelength of
the optical signal carrying the data packet in order to
route the data packet from one channel to another. This
wavelength conversion can be achieved by the time-delayed
wavelength converter 10. An input pulsed signal Si; having
an input wavelength A;, corresponding to an input channel
and carrying the data packet to be transmitted to a
destination is received by the time-delayed wavelength
converter 10 which determines the appropriate output
channel for the data packet. The output wavelength
determining module 16 determines the appropriate output
channel from the destination information contained in the
header of the data packet. Since each channel is associated

with a corresponding wavelength, determining the output

- 13 -
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channel allows for the determination of the output
wavelength Aout for the data packet. During the
determination of the appropriate output wavelength Ao, the
time-delayed wavelength converter 10 buffers the data
packet into the regenerative cavity 12 by converting the
input pulsed signal Si; to a buffer pulsed signal Sy
having a predetermined buffer wavelength Ay and containing
substantially the same information as that encoded in the
input pulsed signal S;,, and propagating the buffer pulsed
signal Syt therein. Once the output wavelength A, has been
determined, the wavelength controller 18 sets the
wavelength of the buffer pulsed signal Spy to the
determined output wavelength A.: and the time-delayed
wavelength converter 10 outputs the buffer pulsed signal
Swur at the output wavelength Aqye. The pulsed signal
outputted by the converter 10 carries the same information
as the input pulsed signal S;,, 1.e. the data packet
carried by the input pulsed signal S;,. The outputted
pulsed signal having the appropriate output wavelength Aoue
is then propagated in the appropriate channel in order to
reach its final destination or another time-delayed

wavelength converter 10.

[36] In one embodiment, the 1length of the c¢losed-loop
regenerative cavity 12 is chosen as a function of the time
interval between successive data packets arriving at the
time-delayed wavelength converter 10 so that no
superposition of data packets occur within the closed-loop
regenerative cavity 12. For example, the length of the
closed-loop regenerative cavity 12 may be chosen so that
each packet only propagates one round-trip within the
closed-loop regenerative cavity 12. In another embodiment,
the time-delayed wavelength converter system 10 comprises a

plurality of closed-loop regenerative cavities 12 and the

- 14 -
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data packets are distributed between the different closed-
loop regenerative cavities 12 which are each provided with
a photodetector 14, a module 16 for determining an output
wavelength, and a wavelength controller 18. In this case,
the time-delayed wavelength converter system 10 further
comprises an optical switch for directing successive data
packets to different closed-loop regenerative cavities 12.
In this case, the buffering time of the data packets in at
least some of the closed-loop regenerative cavities 12 may
be longer than the time required for determining the output
wavelength A, Or the desired predetermined delay. For
example, if three closed-loop regenerative cavities 12 are
used, three successive data packets are each propagated
into a corresponding one of the three closed-loop
regenerative cavities 12, and a priority determination may
be performed during the buffering of the three data packets
in order to determine which data packet has priority and
should be outputted first. In this case, the two other data
packet may be buffered during a duration longer than the
duration required for determining their respective output

wavelength.

[37] In one embodiment, the cavity 12 1is adapted to
propagate therein the buffer pulsed signal Sy, having the
buffer wavelength Apy;sr and output the buffer pulsed signal
Spus Only when at the output wavelength Aoc. In this case,
the buffer pulsed signal Sy having the buffer wavelength
Apus cannot exit the cavity. In another embodiment, part of
the buffer pulsed signal Sy, at the buffer wavelength Apyusr

exits the cavity 12 at each round-trip.

[38] In one embodiment, the cavity 12 is adapted to output
the buffer pulsed signal Sy, at the output wavelength Agu
while preventing the buffer pulsed signal Sy at the output

- 15 -
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wavelength Ay, from propagating in the cavity 12. In this
case, the buffer pulsed signal S, at the output wavelength
Aoyt Propagates less than one round-trip in the cavity

before exiting the cavity 12.

[39] It should be understood that the cavity 12 may be any
optical cavity adapted to receive an input pulsed optical
signal at an input wavelength Ai,, convert the input pulsed
signal Si;, to a buffer pulsed signal S at an adjustable
wavelength, and propagate therein and output the buffer
pulsed signal Sy as a function of the value of the

adjustable wavelength.

[40] In one embodiment, the output wavelength determining
module 16 comprises a processing unit adapted to read the
electrical signal to determine the information contained
therein and determine the output wavelength value from the
information. In one embodiment, the output processing unit
is adapted to determine a destination from the information
contained in the electrical signal and assign a value for
the output wavelength as a function of the determined

destination.

[41] Figure 4 illustrates one embodiment of a time-delayed
wavelength converter 100 which comprises a closed-loop
regenerative optical cavity 102, a photodetector 104, an
output wavelength determining module 106, and a wavelength
controller 108. The closed-loop generative optical cavity
102 comprises a pair of cascaded optical 2R-regenerators
110 and 112 optically connected together in a closed-loop

configuration.

[42] The optical regenerator 110 comprises an optical
amplifier 114, a nonlinear spectral broadening medium 116,

and a bandpass filter 118 which are connected together so

- 16 -
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that the amplifier 114 and the bandpass filter 118 be
positioned respectively upstream and downstream from the
nonlinear spectral broadening medium 116. An optical signal
received by the first regenerator 110 is first amplified by
the amplifier 114 before being spectrally broadened by the
nonlinear spectral broadening medium 116. The spectrally
broadened signal 1is then spectrally filtered by the
bandpass filter 118, thereby providing a filtered signal
having a wavelength corresponding to the central wavelength

of the bandpass filter 118, i.e. Agpr:.

[43] The optical regenerator 112 comprises an optical
amplifier 124, a nonlinear spectral broadening medium 126,
and an adjustable bandpass filter 128 which are optically
connected together so that the second amplifier 124 and the
second bandpass filter 128 be respectively positioned
upstream and downstream from the second nonlinear spectral
broadening medium 126. The central wavelength Agprz Of the
bandpass filter 128 1is adjustable so that the second
regenerator 112 outputs a signal having an adjustable
wavelength Agpro. The output of the bandpass filter 118 of
the first regenerator 110 is connected to the input of the
amplifier 124 of the second regenerator 112 so that the
filtered signal at the wavelength Appr; be coupled into the
second regenerator 112. The signal at the wavelength Agprm
is first amplified by the amplifier 124, then spectrally
broadened by the nonlinear spectral broadening medium 126,
and spectrally filtered by the bandpass filter 128. The
output of the second regenerator 112 is a signal having a
wavelength corresponding to the central wavelength of the

adjustable bandpass filter 128, i.e. Appr:-

[44] The closed-loop regenerative optical cavity 102

further comprises an input coupler 130 for coupling an

-17 -
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input pulsed signal S;, into the cavity 102 and an output
coupler 132 for outputting an output pulsed signal Sy from
the cavity 102. Each coupler 130 and 132 comprises two
inputs 130a and 130b, and 132a and 132b, respectively, and
two outputs 130c and 130d, and 132c and 132d, respectively.
The input 130a of the coupler 130 is used for receiving the
input pulsed signal Si,. The output 130c of the coupler 130
is connected to the photodetector 104 while the other
output 1304 is connected to the first regenerator 110, i.e.
the input of the amplifier 114. The input 132a of the
coupler 132 1is connected to the output of the second
regenerator 112, i.e. the output of the second bandpass
filter 128. The output 132c of the coupler 132 is connected
to the input 130b of the first coupler 130 while the output
132d of the coupler 82 is used for outputting the output

signal Sout-

[45] 2As a result of the above described connections between
the regenerators 110 and 112 and the couplers 130 and 132,
an input signal S;, having an input wavelength A;, and
containing information about an output wavelength Ao is
received by the input 130a of the coupler 130 at a time t
and converted to an output pulsed signal S which is
outputted at a time t+At and contains substantially the
same information as that encoded in the input pulsed signal
Sin. Part of the input pulsed signal S;, received by the
input 130a of the coupler 130 1is directed towards the
photodetector 104 while the remaining of the input pulsed
signal Sij, is transmitted to the first regenerator 110. The
photodetector 104 detects the input pulsed signal Si, and
transmits an electrical signal representative of the input
pulsed signal s'® to the output wavelength determining
module 106 which determines the output wavelength Ay, from

the received electrical signal. The determined output
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wavelength Ao: 1s then transmitted to the wavelength
controller 108 which adjusts the central wavelength of the

adjustable bandpass filter 128 to the output wavelength

)\out .

[46) The pulsed signal received by the first regenerator
110 from the output 130d of the coupler 130 is converted to
a signal at the central wavelength of the bandpass filter
118, i.e. XAppr1i- The signal at Appp; 1s sent into the second
regenerator 112 which outputs a signal at the central
wavelength of the adjustable bandpass filter 128, 1i.e.
Appr2- Part of the signal at Agps, outputted by the second
regenerator 112 is outputted from the cavity 102 via the
output 132d of the second coupler 132 while the remaining
of this signal is directed towards the input 130b of the

first coupler 130.

[47] The cavity 102 has at least three operational modes
depending on the filter offset (FO) between the bandpass
filter 118 and 128, i.e. depending on the difference
between the central wavelengths Apppy and Agprr for the

bandpass filter 118 and 128, respectively.

[48] For FO comprised between 2zero and a first threshold
value, the cavity 102 operates in a continuous-wave (CW)
mode. In this mode, the signal outputted by the cavity 102
is a CW signal at Apprz, and therefore the information

contained in the input pulsed signal Sij, is lost.

[49] For FO comprised between the first threshold value and
a second threshold value, the cavity 102 operates in a
self-pulsating mode. In this case, the signal at Ager
outputted by the cavity 102 is a pulsed signal of which the
characteristics are unrelated to those of the input pulsed

signal Si,. The characteristics of pulses of the pulsed
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output signal S, depends only on the characteristics of
the cavity 102. For example, the time spacing between
successive pulses of the output signal S, may be different
from that of the input pulsed signal S;,, the amplitude of
the pulses of the output signal may be unrelated to that of
the pulses of the input pulsed signal S;,, and/or the
duration of the pulses of the output pulsed signal Sy, may
be different from that of the input pulsed signal S;,.
Therefore, the information comprised in the input pulsed

signal S;, is lost.

[S0] For FO comprised between the second threshold value
and a third threshold value, the cavity 102 operates in a
pulse-buffering (PB) mode. The two regenerators 110 and 112
which each comprise an amplifier 114 and 124, a nonlinear
spectral broadening medium, 116 and 126, and a bandpass
filter 118 and 128 each allow for re-amplification and re-
shaping of an incoming pulse. The two regenerators 110 and
112 generate a nonlinear power transfer function for the
cavity 102, which acts as a pulse shaper and stabilizer. As
a result, the cavity 102 supports eigenpulses, i.e. pulses
that are substantially identical at the input of the first
regenerator 110 and the output of the second regenerator
112. The eigenpulses are regenerated twice per cavity
round-trip which provides them with a profile, a group
velocity, and a relative spacing in time that remain
substantially stable over time. As a result, the cavity 102
operated in the PB mode supports the oscillation of pulses
that are injected therein, thereby buffering the injected

pulses.

[51] In one embodiment, the operation parameters including
the bandwidth of the bandpass filter 128 are chosen such
that the pulse duration of the output signal Su 1is
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substantially equal to that of the input signal S;,. In
another embodiment, the operation parameters are chosen
such that the pulse duration of the input and output
signals are different. Similarly, the operation parameters
can be chosen such that the amplitudes of the pulses of the
input and output signals are substantially identical or

different.

[62] Therefore, by setting the central wavelength Agprs Of
the bandpass filter 118 to a predetermined wavelength
adequately chosen as a function of a predefined range of
possible values for the output wavelength Ao, the cavity
102 operates in the PB mode and the pulsed signal outputted
by the bandpass filter 128 1is substantially identical to
the input pulsed S;, for a particular range of wavelength
Appr2, 1.e. the PB wavelength range. The PB wavelength range
includes the predefined range of possible values for the
output wavelength Aqc. A value for a buffer wavelength Apyr
is chosen so as to be comprised within the PB wavelength
range but outside of the range of possible values for the
output wavelength Aoue. As a result, the time-delayed

wavelength converter 100 operates as follows.

[63] Referring to Figures 4 and 5, the central wavelength
Apppz Of the bandpass filter 128 is set to the buffer
wavelength Ay and an input pulsed signal 150 at the input
wavelength Aij, enters the cavity 102 which is operated in
the PB mode. The input pulsed signal 150 is amplified and
broadened by the amplifier 114 and the spectrally
broadening medium 116, respectively, to generate a
broadened signal 152. The broadened signal 152 is filtered
by the bandpass filter 118 to generate a signal 154 at the
predetermined central wavelength Agpri. The signal at Agpr is

inputted into the second generator 112 where it is
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