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Abstract Semiconductor optical amplifier-Mach-Zehn-
der interferometer (SOA-MZI) is a technologically mature
optical device that can be exploited for a wide range of
operations on both amplitude and phase modulated signals,
with performance limited by the carrier lifetime in the
SOAs. Recent advances on SOA structures have demon-
strated their suitability for high quality, ultra-fast photonic
signal processing, making SOA-MZI a good candidate for
elaborating signals in new generation high-capacity optical
networks. Dynamic wavelength switching/routing and
add/drop operations are expected to bring benefits in
future optical networks in terms of improved system
flexibility and efficiency. The capability of performing
such operations directly in the optical domain can
significantly reduce the number of opto/electrical and
electro/optical conversions in the routing nodes, reducing
their power consumption and their latency time. Moreover,
since phase-shift keying (PSK) formats or other advanced
modulation formats involving both amplitude and phase
modulation, start to coexist in optical communication
systems with the conventional on-off keying (OOK)
modulation format, the availability of a single device,
suitable for processing all these different signals, is
mandatory. The SOA-MZI fits all these requirements for
both OOK and constant-envelope phase-modulated sig-
nals, providing a compact and flexible solution. Here we
review on the use of the SOA-MZI for carrying out all-
optical switching operations, by realizing wavelength
conversion and add/drop functionalities, both for OOK
and differential binary phase shift keying (DPSK) signals
up to 40 Gb/s. Power penalties lower than 2 dB are
demonstrated in all cases.

Keywords all-optical signal processing, wavelength con-
version, semiconductor optical amplifier-Mach-Zehnder
interferometer (SOA-MZI)

1 Introduction

Next-generation optical networks are expected to improve
capacity and flexibility by dynamic wavelength switching/
routing operation due to the more efficient optimization of
the network resources [1,2]. The ability to perform such
operation directly in optical domain can significantly
reduce the number of opto/electrical and electro/optical
conversions in the routing nodes. Therefore, it is very
attractive in terms of latency reducing, data rate and
modulation formats transparency, and potentially low-
power operation thanks to photonic integration. These
features become even more appealing as the transceiver
complexity increases when advanced modulation formats
are deployed in the transmission systems. Indeed, besides
on-off keying (OOK) modulation format, pure phase and
other advanced formats involving phase modulation start
to play a major role in optical communication systems
thanks to their higher robustness to transmission impair-
ments [3] and to the emerging of coherent systems. For this
reason, novel schemes that allow all-optical processing of
phase signals can provide useful advanced functionalities
in the development of all-optical network scenario.
Particularly, in wavelength division multiplexed (WDM)
networks, efficient wavelength conversion would provide
an essential functionality for releasing a data stream at a
specific wavelength from a network resource, and make the
original wavelength available for new data. The wave-
length converted data then can be conveniently routed onto
a different wavelength path. Two separate devices would
be normally required for this add/drop operation in order to
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release the output fiber from the original input wavelength
(space deflection) and transfer the signal information to a
new output wavelength (wavelength conversion).
Many different all-optical systems implementing ultra-

fast switching and/or wavelength conversion operations
have been demonstrated in the past several years. These
schemes exploited nonlinear phenomena taking places in
semiconductor optical amplifiers (SOAs) [4–7], highly
nonlinear fibers (HNLF) [8–10] or periodically-poled
lithium niobate (PPLN) waveguides [11,12]. The main
drawback of HNLFs is that they cannot be integrated by
any means. PPLNs, on the other hand, are suitable only for
hybrid integration, and have some constraints on their
optical bandwidth. Furthermore, their quasi-phase match-
ing band changes its central frequency with the working
temperature; hence PPLN needs a constant temperature
control. SOA is a highly non-linear optical device, which
has been largely studied and exploited in the last decades.
Like PPLN, SOA needs temperature stability, but it
presents some advantages: it has a very large bandwidth,
regardless of the temperature, and can be easily integrated;
its only main limitation is switching speed, but recent
works demonstrated that quantum dot (QD)-SOAs are
suitable for all-optical, ultra-fast signal processing [13].
The SOA in Mach-Zehnder configuration has been

proven to be a high versatile device for all-optical signal
processing applications, and able to implement several
functional blocks which are expected to boost the
development of next-generation transparent optical net-
works. In recent years, the SOA-Mach-Zehnder interfe-
rometer (SOA-MZI) has been exploited for realizing a
number of different operations with various modulation
formats in a broad range of applications including: space
switches [14], wavelength conversion [15–18], all-optical
regeneration [19–23], and logical operations [24–26]. The
ability to perform such a large number of operations makes
the SOA-MZI a valuable tool for the development of future
transparent, flexible optical communications systems in
which the routing core elements will be operated more and
more at purely photonic level. Able to operate as burst/
packet router, ultra-fast high-performance all-optical
switches and wavelength converters based on SOA-MZI
can be conveniently exploited as in several noteworthy
experiments reported. Up to now, however, SOA-MZIs
have been usually employed in combination with other
devices implementing add/drop functionalities. For
instance, some SOA-MZIs have been employed as mere
wavelength converters, integrated in a larger structure to
perform label-based optical burst switching in general
multi-protocol label switched (GMPLS) networks [27]; in
another case, five SOA-MZIs have been combined to form
a unique structure for signal regeneration, wavelength
conversion and 40∶10 Gb/s demultiplexing [28]. A SOA-
MZI has been also used in a two-section hybrid multi-
granular switch comprising a micro-electro-mechanical
systems (MEMS)-based switch and a SOA-MZI based

switch [29], but the latter had a switching time of 1 ns, too
long compared to the bit duration of typical employed bit
rates.
In this article, we review an advanced scheme based on a

single multi-quantum well (MQW) SOA-MZI photonic
circuit, which is capable of simultaneously performing
selective space deflection and wavelength conversion of a
burst of data in presence of an optical gate control signal.
Experiments with OOK and differential binary phase shift
keying (DPSK) signals at 10 and 40 Gb/s have been carried
out without any bit loss at the switched burst boundaries
for both cases. The scheme operates entirely in the optical
domain, thus enabling ultra-fast dynamic add/drop opera-
tion for WDM systems and packet-switched networks. By
performing simultaneously the two different operations in
a single step, namely data erasing and wavelength
conversion at photonic level, the scheme allows to reduce
the overall latency of the switch, and to minimize the
number of active elements. Furthermore, the performances
of the node can potentially be increased by avoiding the
penalties introduced by two cascaded switches. In addition,
the SOA-MZI architecture offers the possibility of
handling different modulation formats; it is bit-rate
transparent and thanks to the SOA broad gain spectrum,
widely tunable in wavelength.

2 Operating principle for OOK signals

The device operation can be generally described as a
selective wavelength shifter as depicted in Fig. 1. In the
absence of any control signal, input data at lin are normally
let through without wavelength conversion. Whereas,
when an optical control gate is applied, they are transferred
at a new wavelength lnew. Thus, selective wavelength
shifting of the input data depending on the control signal
state is performed. However, in practical implementation,
the original data without the dropped burst and the
wavelength-converted data burst are available at two
different fibers, which would be desirable in some practical
cases. Clearly, by recollecting the two output fibers, the
selective wavelength shifting operation schematically
depicted in Fig. 1, is obtained.
The scheme for the implementation of the selective

wavelength shifter for OOK signals is shown in Fig. 2. As
illustrated in the figure, a data signal at wavelength ldata,
comprising a continuous wave (CW) stream of OOK
modulated bits, is split into two paths and synchronously

Fig. 1 Generic operation of wavelength shifter
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applied to two ports IN 1 and P 1 of a SOA-MZI. In
particular, the IN 1 port is a common port for the two SOAs
in the interferometer arms, whereas the signal entering the
P 1 port, only enters SOA 1 in the upper branch. The power
levels of two replica of the data signal are independently
adjusted such that the weakest replica, which acts as data
probe in the device, is applied to the common port IN 1,
whereas the stronger one, the data pump, is applied to the
control port P 1. Similarly, a gate signal at wavelength lgate
is generated and simultaneously applied to the IN 2, P 2
and P 3 ports of the SOA-MZI. In particular, the gate signal
entering port IN 2 acts as a probe signal, whereas the
copies entering ports P 2 and P 3 act as pump signals solely
in SOA 1 and SOA 2, respectively. The input gate replicas
entering ports IN 2 (the gate probe) and P 2 (gate pump 1)
are synchronized in the SOA-MZI so that they crosses
SOA 2 at the same time, whereas the gate signal entering
port P 3 (gate pump 2) is slightly delayed with respect to
gate pump 1, and its power level is lower than that of gate
pump 1. Finally, a CW holding beam at wavelength lHB, is
coupled together with the data probe signal to enters port
IN, in order to speed up the response time of both SOA 1
and SOA 2 [30].
The operation principle can be explained as follows. By

acting on the phase shifters (PSs) placed in the inter-
ferometer arms and on the SOA currents, the device is
initially biased so that, in absence of any pump signal, the
probe data would experience destructive interference at
OUT 1. In normal operation, however, the data probe and
data pump signals are always simultaneously applied to the
SOA-MZI. In this way, when the gate pumps are switched
off, a phase shift in the upper arm of the interferometer is
produced by the marks in the data pump as effect of carrier
depletion in SOA 1. The power level of the data pump
signal can then be chosen such that the induced phase shift
in SOA 1 cases constructive interference to occur for the
data probe at OUT 1. Thus, in absence of gating signals,
input data are normally presented at OUT 1, where they are
retrieved at the device output by means of an optical filter
centered at ldata (pass-through data). When the gate signal

turns high, gate probe, gate pump 1, and gate pump 2
signals enter the device from their respective inputs. In
particular, the power levels of gate pump 1 and gate pump
2 are such to restore the original gain/phase balance
between the two interferometer arms set by the initial bias
condition. The weaker delayed gate pump 2 plays an
important role for 40 Gb/s applications, since it cancels out
the slow part of the phase transient induced by the onset/
release of gate pump 1 in SOA 2, as explained in Ref. [15].
In this way, sharp-edged selective cancellation of the data
signal at OUT 1 is obtained, which is required for
operation with high data rates. It should be noted that the
gate pump 2 signal is thus typically not required for
operation at 10 Gb/s [31,32]. The gate pump 2 signal could
be also avoided for higher data rates if faster SOAs,
optimized for high-speed operation were employed in the
SOA-MZI [18]. Because of the device symmetry, the initial
bias settings of the device are such that the gate probe
signal entering from IN 2 would also experience total
destructive interference at OUT 2 if no pump signal were
applied. This condition is broken by the gate pump 1 and
the gate pump 2 signals that make gate probe light at lgate
to appear at OUT 2. However, with a proper choice of the
data pump power level, the initial condition of destructive
interference at OUT 2 for the gate probe light entering from
IN 2 can be restored again by the marks in the data pump
signal. This results in transferring the input data pattern
onto the gate signal at OUT 2 with inverted logic. An
optical band-pass filter, tuned at lgate at OUT 2 can thus be
used to select this inverted replica of the gated data (the
wavelength-shifted signal). Clearly, the wavelength-
shifted signal is presented at OUT 2 only when the
original signal data are suppressed at OUT 1.
The working principle of the scheme is also illustrated in

Fig. 3. Here, the normalized transmission characteristics of
the SOA-MZI relating the power at OUT 1 and OUT 2 to
the power at IN 1 and IN 2, respectively, are reported as a
function of the phase difference Δf between the
interferometer’s arms for the case of a perfectly balanced
device. In the figure we assume, for sake of simplicity, that

Fig. 2 Operation principle of improved scheme for 40 Gb/s OOK operations
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the shape of the output/input power characteristic does not
change with applied power (i.e., only a phase shift is
induced in the SOAs by the pumps). We also neglect the
effect of gate pump 2, as it only affects the operation of the
device during the transients [15]. At OUT 1 (OUT 2), the
effect of data (gate) pump is then to push the working point
for the data (gate) probe from the initial low-transmission
point A (A′), to the high-transmission point B (B′), so that
data (gate) are output from OUT 1 (OUT 2). On the other
hand, the gate (data) pump pulls back the data (gate) probe
to the low-transmission point A (A′), so that data (gate)
probe is cancelled in correspondence of the gate (data)
pump signal. This, at the same time, cancels data in
correspondence of the gate, and creates an inverted copy of
the data at the gate probe wavelength.

The switching time of the interferometer structure is
affected by the dynamics of the two SOAs. The gain
recovery of the SOAs has been characterized, to be about
80 ps (Fig. 4(a)). The corresponding phase dynamics are
then expected to operate on the same scale. This value is
suitable for 10 Gb/s operation without bit loss, but at 40
Gb/s, being the recovery time longer than the bit time, it
can affect the signal introducing unwanted pattern effects.
This can be counteracted by using an additional holding
beam. The role of the holding beam at lHB, which is
injected together with the input signal with a proper power
level, is to reduce the effective carrier lifetime in the SOAs,
decreasing in this way the gain recovery time of the two
SOAs [30]. Clearly, also the 10 Gb/s wavelength-con-
verted data benefit by the presence of the assist light.
Figure 4 also shows the different behavior of the
wavelength conversion operation, with and without the
holding beam for a bit rate of 10 Gb/s. In particular, Fig. 4
(b) reports the eye diagram of the output wavelength-
converted signal in absence of the holding beam, whereas
Fig. 4(c) shows the same signal in the presence of the
holding beam. As shown by the traces, the eye opening is

sensibly increased in presence of the holding beam, due to
a steeper rising front with respect to the case in which the
holding beam is turned off. Furthermore, for obtaining
proper operation at 40 Gb/s without any bit loss, the second
gate pump, as already anticipated, has also been required.
This two-pump push-pull configuration, in which the gate
pump 2 is properly delayed and attenuated with respect to
pump 1, speeds up the interferometer response [15], thus
providing sharpen transients of the switched bursts. In this
way, data loss can be avoided even at data rates exceeding
the intrinsic response of carriers’ density restoration in the
SOAs.

3 Experimental results with OOK signals

To demonstrate the scheme operation, we generated in two
separate experiments: a 10 and 40 Gb/s non return to zero
(NRZ) continuous stream of OOK data by driving a Mach-
Zehnder intensity modulator (MZ-IM) with a pseudo-
random-bit-sequence (PRBS) provided by a pattern
generator. A squared gate/control signal with variable
length was also produced using a waveform generator and
a MZ-IM. In the case of 10 Gb/s data rate, the rising and
falling time of the gating signal edges were measured to be
about 35 ps, whereas at 40 Gb/s data rate, rising and falling
time of about 10 ps for the gate signal have been obtained
by employing a 40 GHz bandwidth MZ-IM. Signal
wavelengths were ldata = 1554 nm and lgate = 1557 nm
for the data and control signal, respectively. Both signals
were split to generate the various probes and pump
replicas, as described before. Each probe and pump signal
was synchronized at the respective SOA-MZI input ports

Fig. 3 Graphical description of operation, illustrating effect of
pump signals on switched probes Fig. 4 Gain recovery dynamics of SOAs. (a) Gain recovery time;

(b) eye diagram of wavelength-shifted output data without holding
beam; (c) eye diagram of wavelength-shifted output data with
holding beam
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by means of optical delay lines. As previously explained,
in the 40 Gb/s case, two gate pump signals have been
employed simultaneously to speed-up the switching time
of the device. In particular, the gate pump 2 signal entered
port P 3 of the SOA-MZI with about 15 ps of delay with
respect to the input time of gate pump 1 at port P 2 [33].
The oscilloscope traces of the input/output signals for the
case of data at 10 and 40 Gb/s are shown in Figs. 4 and 5,
respectively.
In the case of 10 Gb/s data, a 400 ns long gate signal

with 40% duty-cycle has been used. For proper operation,
the two SOAs in the interferometer arms were symme-
trically driven and the pump powers were chosen to induce
the proper amount of phase modulation in the two
interferometer arms. The corresponding average input
power levels at the SOA-MZI were – 6, 0, – 4.5 and 4
dBm for data probe, data pump, gate probe and gate pump,
respectively, whereas the holding beam power level is set
to 3 dBm. The two SOAs in the MZI were equally biased
with a current of 300 mA.
For the 10 Gb/s experiment, Figs. 5(a) and 5(b) show the

input data and control signals, respectively. The pass-
through signal from port OUT 1 at ldata is shown in Fig. 5
(d), whereas the wavelength converted signal at lgate at
OUT 2 is depicted in Fig. 5(c). Details of the rising and
falling edges of both output signals in switching operation
are reported in Figs. 5(e) and 5(f). Rising and falling times
of the shifted signal and falling time of the pass-through
signal are set by the transient times of the control gate,
which are close to the transients of the input data (about 35
ps, as measured on a 40 GHz sampling oscilloscope),
whereas the rising time of the pass-through data are related
to the carrier recovery time in SOA 1 when only the
holding beam is present in the amplifier. As can be
observed in Figs. 5(e) and 5(f), these dynamics do not
affect noticeably the eye opening of the boundary bits. It is
worth noting that a good extinction ratio of the data in the
pass-through and shifted signal, as well as high suppres-
sion of the pass-through signal (which was estimated to be
more than 15 dB from the oscilloscope traces) when the
control gate is in the ON state, can be observed. The
amplified spontaneous emission (ASE) power from the
SOAs at the outputs of both the pass-band band filters in
absence of input gate/probe signals was measured to be
below – 25 dBm. This value should ensure low noise
loading in the network in absence of signals at the switch
output.
The results relative to the 40 Gb/s experiment are shown

in Fig. 6. In this case, a squared-wave gate signal having a
period of 1 ns and 40% duty-cycle has been exploited. The
corresponding average input power levels at the SOA-MZI
were – 9.3, 0, – 7, 1.5 and – 4.5 dBm for data probe, data
pump, control probe and control pumps 1 and 2,
respectively. The holding beam was set at 3 dBm. The
two SOAs in the MZI were equally biased with a current of
380 mA. In particular, Figs. 6(a) and 6(b) show the input

data and gate signals, respectively. The wavelength
converted signal at lgate is shown in Fig. 6(c), whereas
the pass-through signal at ldata is shown in Fig. 6(d). In
Figs. 6(e) and 6(f), the details of the trailing and falling
edges of both pass-through and wavelength-converted
signals are reported. As shown, the speed-up in the phase
response of the two interferometer arms, obtained by
means of the push-pull configuration for the gate pump,
produces a switching time shorter than bit duration,
allowing in practice no bit loss for the 40 Gb/s bursts.
Results of bit error rate (BER) measurements are shown

in Figs. 7 and 8 for data at 10 and 40 Gb/s respectively,
relative to a 211 – 1 long PRBS (limited by the gate duration
that we used in the experiments). Input/output eye

Fig. 5 Oscilloscope traces of input/output signals in the case of
data at 10 Gb/s. (a) Input data; (b) gate signal; (c) wavelength-
shifted output; (d) pass-through output; (e, f) transient edges of the
output signals
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diagrams, corresponding to error-free operation, are also
illustrated in the insets of the figures. At 10 Gb/s as shown
in Fig. 6, the pass-through data looks almost immune to
pattern effects, due to the self-switching mechanism, which
results in a negligible power penalty of about 0.2 dB (at a
BER of 10–9). On the other hand, the eye diagram of the
wavelength converted signal shows a slower transient in its
leading edge, corresponding to the falling edge of the data
pump, because of carriers’ dynamics in SOA 2. For this
signal, a power penalty of about 0.85 dB was measured at
BER = 10–9. Also in the case of 40 Gb/s experiment, the
eye-diagrams and bit-error rate measurements reported in

Fig. 6 Oscilloscope traces of input/output signals in the case of
data at 40 Gb/s. (a) Input data; (b) gate signal; (c) pass-through
output; (d) wavelength-shifted output; (e, f) transient edges of the
output signals

Fig. 7 BER measurements results (a) and input/output eye
diagrams (b) at 10 Gb/s. The extinction ratio is 12.5, 12.1, and
11.8 dB for the input, pass-through and shifted eye diagram,
respectively

Fig. 8 BER measurements results (a) and input/output eye
diagrams (b) at 40 Gb/s. The extinction ratio is 12, 11.4 and 9.8
dB for the input, pass-through and shifted eye diagram,
respectively
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Fig. 8, show that the pass-through data are almost
unaffected by the switch, showing a negligible power
penalty of about 0.3 dB. On the other side, whereas the
wavelength converted signal is only slightly distorted by
the wavelength conversion process, corresponding in a
larger power penalty for the wavelength-converted data,
which has been measured to be about 1.4 dB.

4 Operating principle for PSK signals

The proposed scheme allowing to perform simultaneous
switch and wavelength conversion operation in a single
SOA-MZI can be suitably modified for dynamic wave-
length routing and add/drop operations of PSK signals
[34]. The corresponding operation principle of the
modified scheme is illustrated in Fig. 9. As shown in
Fig. 9, a DPSK data signal at wavelength ldata is
simultaneously applied to two ports of a SOA-MZI:
similarly to the previous OOK case, one replica of the input
data, acting as a probe signal for both SOAs, is applied to
the port IN 1 whereas the other replica, acting as a data
pump solely in SOA 2, is applied to port P 1 of the device.
The two SOAs inside the MZI are driven with different
bias current values, so that the interferometer is initially
unbalanced, and the PSs placed on the interferometer’s
arms are set in such a way that the data probe signal
entering IN 1 would experience partial destructive
interference at OUT 1, if no other signal is applied to the
device. In normal operation, however, the data probe and
pump signals always enter simultaneously the device. In
particular, the pump power level is such to induce a phase
shift in SOA 2 leading to constructive interference at OUT
1 for the probe signal, hence maximizing its transmission.
Thus, in absence of the gate signal, the output data probe is
normally let through OUT 1 of the device (pass-through
data in the figure). When a gate signal at lgate with an
appropriate power level is input to the device from IN 2,
two effects occur inside the SOA-MZI. First, the gain of
the two SOAs is significantly reduced with a consequent
decrease of the data probe power at the output of SOA 1
and SOA 2 to approximately the same level. The second

effect is an induced extra phase shift in both SOAs.
However, since SOA 1 is operating in the small-signal gain
regime before the gate signal enters the device, the
corresponding pump-induced phase shift in SOA 1 is
larger than that occurring in SOA 2, which is already
operating in a partially saturated regime due to the
presence of pump data. For a given suitable level of
unbalance in the SOAs driving currents and of saturation in
SOA 2, it is then possible to impress a π phase difference
between the two data probe fields emerging from SOA 1
and SOA 2 by properly adjusting the gate signal power
level. As the amplitude of the data probe fields leaving the
highly saturated SOA 1 and SOA 2 is also equalized, this
reflects into total destructive interference at OUT 1, leading
to a strong suppression of the pass-through data probe in
correspondence of the gate signal. At the same time, the
gate and data pump signals nonlinearly interact inside SOA
2, giving rise to several four wave mixing (FWM)
components; in particular, one of the two first-order
generated FWM components is the complex conjugated
replica of the data signal. This wavelength converted
replica of the data signal at lFWM (wavelength-shifted data
in Fig. 9) thus appears at OUT 2 port of the device only
when the pass-through data are cancelled at OUT 1, and
can be selected by means of a bandpass optical filter tuned
at lFWM. The FWM complex conjugate operation
preserves anyway the input DPSK data encoding.
Also in this case, we can explain the principle of

operation by considering the SOA-MZI transfer character-
istic under the different operating conditions. This is
schematically illustrated in Fig. 10, where the data probe
output power (at OUT 1) is plotted as a function of the
phase difference in the interferometer arms, Δf. In the
figure it is shown that, when only the data probe enters the
device, the SOA-MZI is suitably biased at the point named
A′. The effect of applying a data pump is a new output
characteristic and a phase shift in SOA 2 that moves the
working point to the point named A in the figure. This is
the working point on OUT 1 power characteristic when
both the data pump and probe signals are injected into the
device. When the gate signal at lgate is input to the device
from IN 2 with an appropriate power level, two effects

Fig. 9 Operation principle of modified proposed scheme for 40 Gb/s PSK operations
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occur inside the SOA-MZI. First, the amplifiers gain is
significantly reduced so that the data probe power at the
output of both SOAs decreases to approximately the same
level. The second effect is an induced extra phase shift in
both SOAs. However, since SOA 1 is in the small-signal
gain regime before the gate enters the device, the
corresponding pump-induced phase shift is larger than
that occurring in SOA 2, which is already partially
saturated by the pump data.

5 Experimental results with PSK signals

In two separate experiments, we generated a continuous
stream of 10 and 40 Gb/s DPSK modulated optical data
and a gate signal. The gate signal was a 500 ns long
squared signal with a duty-cycle of 50%. Data and gate
wavelengths were fixed at ldata = 1554.2 nm and lgate =
1552.9 nm, respectively. The data stream was split into two
paths to generate the probe and pump replicas; the data

probe and pump signals were then synchronized at the
respective SOA-MZI inputs by means of delay lines.
Driving currents of SOA 1 and SOA 2 were 380 and 420
mA, respectively. In the 10 Gb/s experiment, power levels
at the SOA-MZI input ports were – 4, 8 and 13 dBm for
data probe, data pump, and control gate signals, respec-
tively, whereas in the 40 Gb/s experiment power levels at
the SOA-MZI input ports were – 4, 10.6 and 15.7 dBm for
data probe, data pump, and control gate signals, respec-
tively.
The corresponding optical spectra at SOA 2 output are

shown in Fig. 11. The FWM-generated signals at lFWM =
1551.6 nm show an output OSNR (on 0.1 nm resolution
bandwidth) of around 30 dB in both cases. The oscillo-
scope traces of the input/output signals corresponding to
the 10 and 40 Gb/s cases are shown in Fig. 12. From the
top to the bottom, the input data, the control gate, the pass-
through data, the wavelength-shifted data, and the
transients of the demodulated switched bursts (including
also the 40 Gb/s case), are reported. A complete cancella-
tion of the data burst in the pass-through signal can be
observed (more than 15 dB calculated from the oscillo-
scope traces) when the control gate is in the ON state. The
details of the rising and falling edges of switched output
signals, shown in Figs. 12(e) to 12(h), confirm that the
switching dynamics are fast enough to prevent any bit loss
at the boundaries after demodulation with standard 1-bit
delay interferometer for both 10 and 40 Gb/s modulated
data. The input/output demodulated eye diagrams, as well
as BER measurements, are reported in Fig. 13 for both the
10 and 40 Gb/s experiments.
The BER of demodulated data eye diagrams was

measured to be about 11 dB for all the input/output signals
in both the 10 and 40 Gb/s experiments. The results of
BER measurements with a 211 – 1 long PRBS (limited by

Fig. 10 Graphical description of SOA-MZI switch for pass-
trough/data erasing operation

Fig. 11 Output spectra from SOA 2 with 10 (a) and 40 Gb/s (b) DPSK modulated data (res.: 0.1 nm)
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gate duration) confirmed the effectiveness of the proposed
technique, as shown in Fig. 13. Almost negligible power
penalty (at BER = 10–9) with respect to the input data for
both the pass-through (0.5 dB) and wavelength-shifted
data (0.2 dB) was observed at 10 Gb/s, whereas a power
penalty (at BER = 10–9) of about 1 and 1.5 dB for the pass-
through and shifted data, respectively, was observed at 40
Gb/s. By using orthogonal double-pump FWM [35], flat
conversion efficiency over a fair portion of the SOA gain
spectrum could be easily achieved, enabling wide-band

conversion range operation. Alternatively, FWM architec-
ture with two parallel pumps can be implemented to make
the scheme operation transparent to input data wavelength
and polarization [36].

6 Conclusions

We propose novel and effective methods enabling all-
optical switching, by means of simultaneous data erasing
and wavelength conversion of a burst of data selected by an
optical gate signal. The presented scheme is suitable for
high-speed dynamic wavelength routing and/or add/drop
operation in WDM networks. All the solutions operate
entirely in the photonic domain and are based on a single
integrated SOA-MZI, which can in principle operate with
OOK and any constant-envelope advanced phase-modu-
lated signal, like M-ary PSK. The device enables wide-
band conversion operation over the entire C band [32] and

Fig. 12 Oscilloscope traces of input/output signals in the case of
DPSK modulated data. (a) Input data; (b) gate signal; (c) pass-
through output; (d) wavelength-shifted output; (e, f) transient
edges of the output signals at 10 Gb/s; (g, h) transient edges of the
output signals at 40 Gb/s

Fig. 13 (a) BER measurements for input (IN), pass-trough (PT)
and wavelength-shifted (WS) data at 10 and 40 Gb/s; (b) eye
diagrams of input/output demodulated data at 10 Gb/s; (c) eye
diagrams of input/output demodulated data at 40 Gb/s
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it can be transparent to input data wavelength and
polarization. Reduced power penalty as well as faster
operation up to 40 Gb/s have been obtained.
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