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introduction
Ali-optical  packet switched netwerks have been
proposed as the fulure lzlecommunication networks

able 1o cope with the massive bandwidith
requirements resulting frem the huge growth of the

internet and its services. One of the key components

in these packet switched all-optical networks is an ail-
optical flip-flop, which can be switched between

different (channel) wavelengths using optical pulse
derived from the packet header 1 of which the
output can be used as pump signal for an all-optical
wavelength converter [1-2].

Previously we reported on the use of a mutually
optically coupled  semiconducicr optical  amplifier
(SOA) and distributed feedback (DFB) laser diode as
an all-optical flip-flop (AOFF) [3]. Here we present
new results on this device with very low reguired
pulse energies (150-4001J}, fast switching times (50-
100ps) and high output ratio (»15dB). We
alsc  demonstrate  that device can  exhibit
simultanecus all-cptical flip-flop cperation on different
cutput wavelength channels for a single set-reset
conrol sequence. This may be of interest when
multicasting i required.
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vhere the two states can occur for the same input
power. The selection of the desired cutpuz state can
be deone by injecting appropriate set and reset pulses
into the device. A set pulse (injected into one of the
DFB laser diodes) temporarily lowers the gain of the
SOA giving the DFB laser diode(s) the iime to rebuild
their laser field. A reset pulse (injected at the SCA
side} helps to quench the laser diode(s). The output
states can be obtained at the SOA side (by using a
circulator) or at the back side of the DFB laser

dicde(s). By using optical band pass filters the
different output signals (laser output signalis) and
input signal) can be separated.
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Introduction

All-optical  packet swilched networks have been
proposed as the future elecommunicalion networks
able to cope  with  the rmassive  bandwidih

requirements resulting from the huge growth of the
Internet and iis services. One of the key components
in these packet switched all-oplical netwerks is an all-
optical flip-fiop, which can be swilched between
different (channel) wavelengths using optical pulses
derived from the pacmt header, and of which the
output can be used as pump cignal for an all-optical
elength converter {1-2].

Previously we reporled on the use of a mutually
optically coupled semiconductor  optical  amplifier
(SOA) and distributed feedback (DFB) laser diode as
an all-optical flip-flep (AOFF) [3]. Here we present
new results on this device with very low required
pulse energies (150-40010), fast switching times (50-
100ps) and high oulpul extincticn ratic (>15dB). We
alse demonstrate that  the device can  exhibit
simultaneous all-optical {lip-flop operation on different
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where the two states can occur for the same Input
power. The selection of the desired output state can
be done by injecting appropriate set and reset pulses

into the device. A set pulse (injected into one ¢f the
DFB laser diodes) temporarily lowers the gain of the
SOA giving the DFB laser diode(s) the time {o rebuild
their laser fisld. A reset pulse (injected at the SOA
side) helps to quench the laser diode(s). The output
states can be obtained at the SOA side (by using a

circulator) or at the back side of the DFE2 laser
diode(s). By using optical band pass filters the

different output signals (laser output
input signal) can be separated.

signal(s) and

Fiqure 1. Schematic representation of the proposed
clli~optical flip-itop.
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the laser output powers as a function of the signal
input power to the SOA. From Figure 2 we can
observe a bistability domain of about 2.5dB wide with
very steep edges and an extinction ratio (ER) over
20dB. The output power transfer curve for the other
laser diode shows the same behaviour because the
switching of one of the two laser diodes causes the
other one to switch simuftaneously. The transfer
function for the injected signal shows an inverted
response.

In the dynamic experiments the device is operated as
shown in Figure 1. A CW input signal with power
chosen such that the device operates inside the
bistability region is injected into the SOA. The output
state of the device can be selected by injeciing
appropriate (set and resst) pulses. The set pulses
cause the laser power to rise and the signal power to
drop while the reset pulses cause the signal power to
rise and the laser power to drop.
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Figure 3: Evoluiion of the required set pulse energy
Jor AOFF-operation as « Junction of used pulse
length for different CW input power.

Figure 3 and 4 show the evolution of the required set
and reset pulse energy to obtain AOFF-operation as a
function of the used pulse length for different CW
input powers. A set pulse energy as low as 340fJ,
combined with a reset pulse energy as low as 240pJ,
can be observed for a CW input power of 0.95mw
and a pulse length of 100ps.
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An example of the laser output waveforms for a CW
input power of 0.95mW and a pulse length of 100ps is
given in Figure 5. An extinction ratio of 16dB and rise
and fall imes of around 100ps has been measured in
both cases. The oulput waveform of the injected
signal is an inverted version of the laser output
waveforms.
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Figure 5: Laser output waveform for a CW input
power of 0.95mW and a pulse length of 1 00ps. Top:
set and resef pulse train; Middle: laser 1 at 1 541nm,
Bottom: laser 2 at 1543nm.

Conclusions

Ali-optical  flip-flop operation with a SOA and
DFB.laser diode combination has been shown with
pulse energies below 1pJ together with fast switching
times in the range of 100ps and an ER of over 15dB.
The device can simultaneously exhibit multiple
(identical or inverted) output states at different
wavelengths making the device a possibie candidate
for future multicast applications.
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