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Abstract—The physical layer scalability of a packet-switched
optical interconnection network utilizing semiconductor optical
amplifier (SOA) switch elements is investigated experimentally
and with numerical modeling. Optical packets containing payloads of multiple wavelength-division-multiplexing (WDM) channels are propagated through cascaded SOA-based switching nodes
in a recirculating test-bed environment. Experiments show that
bit-error rates (BERs) below 10−9 can be maintained through 58
switching nodes for the entire eight-channel 10-Gb/s-per-channel
payload distributed over 24.2 nm of the C-band. When the packet
payload consists of a single 10-Gb/s channel, 98 node hops can be
traversed before a BER of 10−9 is exceeded. In conjunction with
the experiments, a novel phenomenological modeling technique
is developed in order to forecast the scalability of SOA-based
WDM packet interconnection networks. This technique is shown
to yield results that correlate well with the experimental data.
These investigations are presented as predictors of the physical
limitations of large-scale WDM packet-switched networks.
Index Terms—Interconnection networks (multiprocessor), optical interconnections, packet switching, semiconductor optical
amplifiers.

I. I NTRODUCTION

O

PTICAL interconnection networks are a promising
means of routing high-bandwidth optical packets in applications ranging from data communications and storage to
high-performance computing. As communication between numerous interconnected elements drives the increasing demand
for cross-sectional bandwidth, optical interconnection networks
can better address these challenges by providing throughput
scalability [1]. Maintaining routed packet traffic in the optical
domain enables full exploitation of the bandwidth provided
by dense wavelength-division multiplexing (DWDM) [2], [3].
As data rates increase, the tremendous amount of bandwidth
offered by DWDM technology can potentially reduce the cost
per bits and the power consumption compared to copper-only
communication solutions [4].
The overall performance and scalability of packet-switched
optical networks have been studied for a range of architectures [5]–[11]. A critical measure of the feasibility of packetswitched networks intended for implementation in the optical
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domain is the physical layer scalability. Although the topology
may scale in terms of throughput and latency, it does not necessarily follow that the optical physical layer also scales in terms
of maintaining end-to-end signal integrity without requiring
regeneration. In this paper, we examine the physical layer performance both experimentally and with numerical modeling,
specifically for a WDM optical packet interconnection network
based upon the data vortex architecture and implemented with
semiconductor optical amplifier (SOA)-based switching elements. Since SOAs are the predominant switching elements
employed in optical packet networks, our results may easily be
extended to other similar architectures [12]–[14].
The potential benefits of SOA-based switching elements are
well known and include fast switching times, high extinction
ratios, sizable operating gain bandwidth, and a relatively compact footprint [2], [15], [16]. SOAs, however, also necessarily
introduce amplified spontaneous emission (ASE) noise that
mixes with the propagated optical signal as a side effect of
the amplification process. The noise figure is manifested in
the measured degradation of the optical signal-to-noise ratio
(OSNR) as packets propagate through a cascade of switching
nodes [17]. Additional effects must be considered when WDM
signals are propagated. The non-constant gain profile of the
SOA across the C-band will cause each WDM payload channel
to experience a slightly different gain. The finite spectrum
profiles of passive components used in the switching nodes are
also generally not uniform. The combination of these effects is
accentuated with increasing number of cascaded nodes as each
payload channel spanned across the C-band experiences different gain and loss propagating through the entire interconnection
network.
For large-scale packet-switched networks, the mean number of intermediate nodes or hops each packet traverses
will generally scale logarithmically with the number of ports
[5], [11]. Thus, the physical layer scalability of the data vortex
as well as other SOA-based interconnection networks is ultimately determined by the accumulation of these signal degradation phenomena as the packet propagates through a cascade
of many switching nodes.
In this work, the propagation of optical packets carrying
multiple 10-Gb/s WDM channels payloads through a cascade
of switching nodes is investigated experimentally in a recirculating loop test-bed environment. Previously, recirculating loop
approaches have been utilized in the context of cascaded SOA
booster amplifiers for WDM long-haul transmission systems
[18], [19], specifically to investigate various phenomena such as
polarization-dependent gain (PDG) [20], cross-gain modulation
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Fig. 1.
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Data vortex topology with A = 3, H = 4, C = 3 corresponding to a 12-port interconnection network that contains 36 switching nodes.

(XGM) [21], and bandwidth efficiency [22]. The SOA functionality within WDM optical packet switching (OPS) networks,
however, significantly differs from its operation in transmission
systems. For typical WDM transmission systems, SOAs are
designed to operate primarily as high-saturation gain elements
separated by kilometers of fiber. In the context of an SOAbased recirculating loop simulating transmission system, the
maximum number of cascaded SOA gates was found to be
11 using holding light injection [23]. In OPS networks, the
primary function of the SOA is to efficiently route a broadband
packet and compensate for small switching node losses. For this
application, SOAs are separated by only a couple of meters and
are expected to operate in a linear low-gain regime, resulting in
minimal added noise and signal distortion. It is expected that
these operating conditions can enable the cascading of large
numbers of switch elements and, thus, the scalability of OPS
networks.
In this paper, we report on experiments and simulations that
demonstrate the successful cascading of SOA-based OPS gates.
The SOA switching nodes are constructed in accordance with
the data vortex network architecture. Our experiments show that
a bit-error rate (BER) of 10−9 can be maintained for 58 hops
with an eight-channel 10-Gb/s-per-channel payload spanning
24.2 nm of the C-band. When the packet payload consists of
a single 10-Gb/s channel, it is shown that 98 node hops can be
traversed before exceeding a BER of 10−9 . In conjunction with
the experiments, a novel phenomenological modeling technique
is developed in order to capture the effects of cascaded SOAs
on packet signal integrity.

II. D ATA V ORTEX O VERVIEW
A. Data Vortex Network Topology
OPS networks offer a promising means to efficiently provide
ultra-high bandwidth communications between thousands of in

terconnected elements [1], [24]. There are, however, several key
challenges to implementing viable large-scale interconnection
networks in the optical domain. Perhaps the most significant is
the lack of adequate random-access optical buffering, particularly for hybrid data structures such as WDM [25], [26]. Optical
signal processing is also difficult to realize with low latencies
[27]. Due to these fundamental shortcomings, it is imperative
that traditional architectures used for electronic switching fabrics not be simply transplanted to the optical domain but that
the characteristics of photonic technologies be considered in the
development of OPS network architectures.
The data vortex [28] is a self-routing deflection network
topologically scalable for large (e.g., 10k-port) interconnections
and specifically designed for implementation with photonic
technologies [29]. Its deflection routing mechanism eliminates
the need for internal optical buffering while meeting large-scale
interconnection networks’ key requirements of low switching
latency and high throughput. In this time-slotted network architecture, the payload data are encoded on multiple DWDM
channels in parallel with the header and frame signal wavelengths. One packet at a time is processed within each node
in a particular timeslot. The implementation of the header and
the frame is at a lower bit rate than the payload to facilitate
the electronic decoding and interpretation of the destination
information. A particular data vortex network can be described
by the three parameters C, A, and H, corresponding to the
cylinder, angle, and height parameters, respectively. The system
illustrated in Fig. 1 corresponds to a switch fabric supporting
12 input and 12 output ports [30].
In the schematic representation of Fig. 1, packets ingress
from input nodes at the outermost cylinder and exit from output
nodes at the innermost cylinder. Upon entering a node, the
packets are routed based on the destination address encoded in
the header signal and the deflection signaling from an adjacent
node. If the address does not match the user-programmed
value, or if the next node is busy, the packet is deflected. If
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Fig. 2. (a) Packet structure: payload and routing headers encoded on DWDM channels. (b) Switching node configuration of the data vortex network (BPF: optical
bandpass filter; RX: optical receiver module; plain line: optical signal; dashed line: electrical signal).

the destination output buffers are busy, the innermost cylinder
allows the packet to circulate.
B. Switching Node Architecture
The switching nodes within the data vortex architecture are
implemented with conventional fiber-optic technologies. As
packets propagate through a node, the address and frame routing signals, which are transmitted within the packet [Fig. 2(a)],
are decoded at each switching node. The simple switching node
structure for this self-routing deflection network is shown in
Fig. 2(b). Each node has two input ports labeled west and
north, and two output ports labeled east and south. When
the header address matches the user-programmed value, the
packets are directed to the south output port. When the address does not match or when the next node is occupied,
the packets are deflected to the east output port. The electronic control circuitry operates at the packet rate, which is
on the order of megabits per second. At each input port, a
small portion of optical power is tapped off using a 70/30
coupler and the header and frame bit information are isolated
using bandpass filters. Their respective bits are converted to
electronic signals using a commercial optical receiver module. The address information is processed with the electronic
input deflection signal. The payload data are transparent to
the internal node and delayed while the routing decision is
processed. SOAs are used as switching elements to appropriately route the packet either to the downstream node (south)
or to the adjacent node (east). A deflection signal is also
generated as necessary to ensure that packets avoid collision. The data vortex architecture is explained in more detail
in [29]–[32].
Simulations of the data vortex as a large-scale switching
fabric have shown that for a heavily loaded 10k × 10k port
data vortex implementation, 99.999% of the injected packets
propagate through fewer than 58 internal switching nodes. The
non-Gaussian distribution curve exhibits a median hop count
of 19 (Fig. 3). For switching networks in general, a greater

Fig. 3. Data vortex I/O port size versus hop count under heavy load. Network
size for the median number of hops (black) and for the 99.999th percentile of
the injected packets (gray).

number of hops correspond to a larger input and output port
count, proportional to log(N ) for an N × N port network.
III. R ECIRCULATING L OOP S ETUP
A. Experimental Recirculating Test-Bed
A schematic of the test-bed constructed to experimentally
emulate the propagation of WDM optical packets through
multiple data vortex switching nodes is shown in Fig. 4. Eight
temperature-controlled DFB lasers with polarization controllers
are combined by an 8:1 planar coupler into a booster SOA,
which compensates for transmission losses. The WDM channels are distributed across the C-band ranging from 1530 to
1575 nm. The channels are simultaneously modulated with a
10-Gb/s nonreturn-to-zero (NRZ) pseudorandom bit sequence
(PRBS) of length 29 − 1 produced by the fast pattern generator
(PPG1) via a single LiNbO3 modulator. All eight channels are
then decorrelated by 450 ps/nm using 25 km of single-mode
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Fig. 4. Experimental setup of the switching-loop test-bed (PPG1: fast programmable pattern generator; PPG2: slow programmable pattern generator; PC:
polarization controller; SOA: semiconductor optical amplifier; boxed arrow: optical isolator; BPF: bandpass filter; MOD: LiNbO3 modulator; RX: optical receiver
module; BERT: BER tester).

fiber. A 25.6-ns-long packet containing eight WDM payload
channels, each containing 256 bits, is created using a separate
SOA to gate the continuous data stream.
Two modified data vortex switching nodes are placed in a
64-ns-long recirculating loop. The header and frame information are not transmitted along with the packets, but instead
provided directly to the switching nodes from the slow programmable pattern generator (PPG2), bypassing the opticalto-electrical conversion and the routing control logic gates.
The modification is suitable in the context of the recirculating
loop since the measurement addresses the number of node
hops traversed by the packets, assuming proper routing logic
function.
A single packet is injected into the loop though the north
input port of node 1. A packet propagating in one loop undergoes two node hops. After a predetermined number of hops,
the packet drops out of the loop through the south output port
of node 2 at a selected time interval. The east output port of
node 1 is always selected by the control signaling to ensure that
packets remain in the loop. The packet can then be kept in the
loop by selecting the east port of node 2 or ejected through the
south port of node 2.
The SOAs are commercial devices (Kamelian OPB-10-10X-C-FA) with a noise figure of 6.5 dB, an unsaturated gain of
8 dB, and a saturation input power of approximately 0 dBm for
an operating current of 40 mA. The SOA gain peak is centered
at 1465 nm by design to achieve lower ASE noise within the
C-band. In each node, the SOA gain compensates the losses
accrued by the couplers and connectors to achieve nearly no net
loss through the entire loop. Polarization controllers are placed
after each node to compensate for the 0.2-dB PDG of the SOAs.
The optical receiver follows a narrow bandpass filter that selects
the WDM channel to be measured. The last SOA seen by the
packet is at the south output port of node 2, which is set to
provide enough gain to reach the sensitivity limit of the optical

Fig. 5. Packet synchronization. The SOA control signals and the gating
signals are delayed by 64 ns to increment the propagation by one loop. One
loop consists of two hops. SOA SOUTH is switched ON to drop the packet for
BER measurement while SOA EAST is switching OFF.

receiver. The electronic payload information is then directed to
the sampling scope and BER tester (BERT).
B. Packet Synchronization Methodology
As shown in the timing diagram in Fig. 5, a single 25.6-ns
packet is injected once every 3.84 µs (60 loop roundtrips) into
the 64-ns-long recirculating loop. Thus, only one packet at a
time propagates within the recirculating loop. The extra time
between packets is used to clear out any accumulated noise
prior to launching the next packet. When a packet exits the
loop via the south port of node 2, the SOA in the east port
is turned OFF to minimize any additional leaked noise during
BER measurements. To increment the number of hops by two,
i.e., one loop, the control signals to node 2 and the gating signal
to the error detector are delayed by 64 ns (corresponding to one
loop length).
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BER measurements are performed on all eight WDM channels of the packet using the 10-Gb/s BERT, which is externally
gated by a pulse generator synchronized with the programmable
pattern generator that also controls node 2 and the gating SOA.
The length of the gating signal generated by the pulse generator
for the error detector is 20 ns. The gating pulse is centered in the
middle of the 25.6-ns-long packet to frame the measurement of
valid data outside the rise and fall times of the cascaded SOA
switching elements. The time delay between the gating signal
and the node control signal in Fig. 6 corresponds to the total
latency between the south SOA of node 2 and the error detector.
As shown in Fig. 4, the clock reference used by the error
detector is extracted directly from the continuous data stream of
the WDM channel under measurement using the OC-192 clock
recovery option of an optical sampling module with a 28-GHz
bandwidth. This avoids the phase drift that may occur between
the received data and the clock signal.
IV. M ODELING
A. Data Vortex Network Topology
Traditional approaches for modeling SOAs are based on
physical rate equation [16], [17], [33] or traveling wave analyses [16], [34]. These techniques have shown to be quite useful
for simulating transmission and long-haul communication systems that utilize SOAs as amplifiers, accurately predicting
amplification, noise figure, and even some nonlinear effects
for single-channel systems with continuous data streams (when
the SOA is operated as a high-gain amplifier) [18]. However,
many of the effects that become important for low-power
DWDM bursts are left as second-order consequences of the
models and are hence very difficult to match accurately with
empirical data in OPS networks. For example, conventional
modeling techniques require a vast quantity of precise physical
characteristics of the SOA’s wavelength-dependent absorptivity and gain efficiency in order to make accurate predictions
about the signal gain and gain saturation [16] for a particular operating wavelength. Furthermore, fabrication parameters
like facet reflectivity might also be necessary for determining second-order device behavior [33]. Clearly, when these
values are not available or when they are difficult to isolate
and measure, the precision of the model suffers, especially
when higher order effects are of interest. Thus, a numerical
phenomenological model has been designed that concentrates
on the properties important to low-power DWDM packet
switching, and although it is based upon empirical observations instead of physical first principles, this model has shown
predictive powers that surpass those of the conventional techniques when applied to the particular application of SOAs in
OPS networks [34].
B. Methodology
This experiment investigates SOAs within the context of
large switching networks and systems, and the characteristics
of interest are system-level ones. Accordingly, the parameters
that have been isolated as the most important are directly
related to system-level functionality: noise figure, gain and gain

Fig. 6. Annotation of the spectrum parameters emphasized in the phenomenological model.

compression, spectral broadening, and cross-gain and crossphase modulation [17]. Many of these parameters are directly
related to features of the signal power spectrum, while others
require a more traditional time-domain perspective.
This empirically based modeling technique characterizes
spectral and signal degradations due to the SOAs and couplers.
It then makes projections about the evolution of these features
over a large number of node hops. The specific features of
interest are the peak signal power Si and the peak width at a
particular power level σi (Si − ∆P ) for each signal centered
at wavelength λi , and also the shape of the noise floor N (λ)
(see Fig. 6). We quantify the modification of each parameter
by the SOA and extrapolate these trends for large system
diameters. In addition to these spectral features, time-domain
characterizations of the signal waveform allow the model to
incorporate carrier dynamics and other effects not manifested
by spectral deformities. The time-domain parameters used are
based upon carrier lifetimes, carrier densities, and quantum
efficiency of the SOA, consistent with many of the conventional
modeling techniques.
This methodology has been shown to make large system projections quite accurately when given the appropriate empirical
information [35], [36]. Recent improvements in our techniques
have further enhanced the modeling capabilities of WDM systems, specifically of the type currently under discussion.
C. Parameters
All of the spectra modeling parameters are based on empirical observations and data collected in experiments similar
to the one discussed above. The necessary information like
wavelength dependence of signal peak gain and spectral broadening can be extracted from the power spectra obtained in
experiments that contain many fewer SOA hops. These data can
be extrapolated to a system with similar devices operating under
similar conditions, but with a much larger number of SOA
hops. Thus, our model is predictive in that its phenomenological
parameters are derived from smaller systems; it synthesizes this
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Fig. 7. BER for eight payload channels versus number of hops; dashed line
for BER of 10−9 . The BER measurement of each payload channel falls within
the gray region. Annotation of the spectrum parameters emphasized in the
phenomenological model.

information and projects the behavior of larger systems, which
may be difficult to realize experimentally.
The evolution of the noise floor required a thorough study
of the SOA’s ASE noise profile and of the loss profile of
the couplers and passive optical components used; a simple
parabolic fit was not sufficient. For smaller systems, these
small nonuniformities would be almost unnoticeable, but for
our larger system they become substantial. Almost certainly,
a conventional model would have difficulty in capturing all of
these important features, but this analysis ensures that no information that is important to system-level behavior is relegated to
the second order.
For 10-Gb/s payloads, the spectral width is sampled at
15.6 dB below the signal peak (i.e., ∆P = 15.6 dB). Empirical
evidence suggests that for higher data rates, the value of ∆P
used should be lower. Focusing the scope of the model to a
specific modulation bandwidth limits its universality and flexibility, but allows for the current application to be studied more
thoroughly. This tradeoff is consistent with the original goals
in developing a predictive phenomenological model and yields
some interesting and unique results about multichannel WDM
packets when considered alongside empirical observations.
V. R ESULTS
A. Saturation–Sensitivity Tradeoff
Packets containing eight-channel 10-Gb/s-per-channel payload are measured to successfully propagate through 58 hops
and maintain a BER below 10−9 on each payload channel
(Fig. 7). The packet’s eight-channel payload spectra profiles
after two hops and after 58 hops are shown in Fig. 8. The input
average peak power of each channel, distributed evenly across
the C-band from 1540 to 1561 nm, varies between −12.9 and
−15.7 dBm, and the total launched average input power per
packet is −4.9 dBm, below the 0-dBm input saturation power of
the SOAs. After 58 hops, the total optical output power reaches
2.7 dBm. As the packet progresses through multiple hops, the
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Fig. 8. Multichannel spectrum profile: the input packet spectrum (light gray)
and after 58 node hops (dark gray) defined as the average power, taking into
account the 0.67% duty cycle where one 25.6-ns-long packet is sent through
the recirculating loop every 3.84 µs.

Fig. 9. Optical eye diagram of channel at 1558.10 nm after 2 and 58 hops.
Simulated eye diagram of one channel after two hops (left) and after 58 hops
(right).

ASE noise rises and takes the form of a bell-shaped spectrum
profile with a peak noise floor increase of 23.6 dB near the
channel at 1552.8 nm. The gain declines for higher and lower
channel wavelengths. Fig. 9 shows the corresponding measured
and simulated eye diagrams. The eye diagram was predicted by
the phenomenological modeling technique, as was the power
spectrum with OSNR, which matched the empirical result to
within approximately 0.2 dB.
The peak near 1553 nm (Fig. 8) is attributed to the cascading
wavelength-dependent loss of the passive elements (couplers
and isolators) in the loop test-bed. The ASE noise accumulation
as the packet progresses through the recirculating loop leads to
a total optical power increase causing the SOA to eventually operate in the saturation regime [16], [37]. Because the relatively
fast response and gain recovery times of the SOAs are on the
order of the payload data modulation speeds (i.e., ∼ 100 ps),
XGM occurs as the SOAs approach operation in the saturation
regime, and the BER of the payload data is degraded [38].

268

Fig. 10. Functional bandwidth for eight payload channels versus number of
hops. The solid gray line represents the simulation results.

In order for the packet to propagate through multiple SOAbased switching nodes, the total optical average input power
of the packet should therefore not exceed the saturation power
of the SOA.
The recirculating experimental results also demonstrate that
both the total optical power of the packet and the optical power
of each channel within the packet play an important role in
the scalability limitation of an OPS interconnection network.
On one extreme, the OSNRs of the individual channels are
reduced by the accumulated ASE noise if lower input powers
are launched. Without any optical regeneration at the frontend, the receiver reaches its sensitivity limits [17]. On the other
extreme, higher per-channel input powers force the SOAs to
operate in the saturation regime, leading to crosstalk between
channels and gain compression, both of which strongly degrade
the BER performance [39]. The input power of each channel
is therefore balanced between these two extremes in order to
optimize the network scalability.
In addition to the power restrictions, the wavelength dependences of the SOA gain profiles and of the passive elements are
important considerations particularly for WDM OPS networks.
With the SOA gain peak centered at 1465 nm, the shorter
wavelength channels experience not only more gain but also
more ASE noise. After 60 hops (Fig. 7), the payload data in
the four shortest wavelength channels are the first to fall short
of the performance baseline metric of a BER of 10−9 . Longer
wavelength channels experience less gain, so they are slightly
pre-emphasized. However, the cascading effect of passive optical components cannot be ignored (Fig. 8). As each channel
experiences different amounts of optical power gain and losses,
balancing the power becomes difficult to achieve.
B. WDM Payload Considerations
Since both gain and loss profiles of the various passive and
active components as well as the ASE noise are all wavelength

JOURNAL OF LIGHTWAVE TECHNOLOGY, VOL. 24, NO. 1, JANUARY 2006

Fig. 11. Experimental results for one, two, four, and eight channels. The
maximum number of hops is set for bit error measurement below 10−9 for
all WDM channels. The solid gray line shows simulation results. Functional
bandwidth for eight payload channels versus number of hops. The solid gray
line represents the simulation results.

dependent, the functional bandwidth across which the WDM
payload channels can be distributed is investigated. Fig. 10
shows the maximum functional bandwidth for which all eight
channels exhibit a BER below 10−9 as a function of the number
of hops. The functional bandwidth increases from 24.2 to
37.8 nm when the packet propagates through 30 hops instead
of 58 hops and nearly doubles to 43.9 nm if the packet propagates through ten hops. The modeling code is modified to
iteratively make predictions about the effects of the utilized
WDM bandwidth on the number of SOA hops, which closely
match experimental results.
Fig. 11 shows the experimentally measured dependence of
the number of SOA hops on the number of payload channels in
a packet. Eight payload channels are first successfully launched
through 58 hops. The four outermost channels are then disabled
and the number of hops through which the packet propagates is
incremented until a 10−9 BER baseline is reached. Reducing
the number of channels to four allows an increase of four node
hops. Similarly, 70 hops can be obtained for a packet with
two payload channels, located at 1552.8 and 1555.5 nm, where
the ASE noise of the SOA is low. Finally, a single channel at
1555.5 nm can propagate through 98 hops [40].
Two phenomena within the SOA limit the physical layer
scalability with respect to the number of payload channels.
First, for a constant total input power, the amount of gain
provided by optical amplifiers in the linear regime is fixed
and independent of the number of channels being amplified.
For equal channel power, fewer channels require fewer carrier
excitations and more gain is available before the SOA reaches
saturation [16]. The amount of gain per channel will affect the
ability to sufficiently amplify each channel for loss compensation. Also, once the SOA reaches the saturation regime, the gain
provided to each channel is lower than the gain provided in the
linear regime. As the ASE noise rises in the channels and the
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gain gradually drops due to saturation of the SOA, the OSNR
and signal power degrade.
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However, the physical layer scalability is a critical performance
parameter as switching elements are required to reliably route
and propagate payload packets with low BER.

VI. C ONCLUSION
The recirculating loop demonstration is a practical and efficient methodology to investigate the scalability of the physical
layer of a WDM optical packet interconnection network. This
analysis differs from previous recirculating loop demonstrations in that the focus is on the SOA as a low-gain switching
element in an OPS network instead of a booster amplifier in
a long-haul transmission system. The investigations presented
study of the number of hops through which a packet propagates
in the recirculating loop while maintaining a BER below 10−9 ,
as a metric for physical layer scalability. The number of hops
is related to the number of payload channels in a packet
and to the functional bandwidth over which those channels
are distributed. The maximum number of payload channels is
primarily determined by the optical gain saturation of the SOA,
whereas the functional bandwidth is primarily limited by the
cascaded components’ spectrum profiles. It is also important to
maintain the power balance of a network, but this is complex to
achieve as the total launched optical power of the packet and the
optical input power of each channel must be balanced between
two extremes. On one extreme, high power causes the SOAs to
operate in the saturation regime and leads to nonlinear effects
and signal distortion. On the other end, a lower input power
per channel will degrade the OSNR and stress the receiver
sensitivity. Both situations are manifested in the overall degradation of the BER performance and limit the physical layer
scalability. Beyond the fine power balance of each channel, the
bandwidth across which multiple WDM payload channels can
be distributed is found to be limited. Smaller networks allow
for broader functional bandwidth, whereas larger networks have
a narrower functional bandwidth as the cascading effect of
the network components attenuates the outermost wavelength
channels. Finally, the maximum number of payload channels
in a packet for a physical network size is related to the gain
saturation of the SOAs. Channels are optimally placed in the
region of the functional bandwidth where the ASE noise from
the SOAs is the lowest and where the OSNR and sensitivity
requirements of the optical receiver are maintained.
Experiments and simulations show a BER below 10−9
for an eight-channel 10 Gb/s-per-channel payload distributed
over a bandwidth of 24.2 nm of the C-band propagating
through a total of 58 switching elements. This is sufficient
for a heavily loaded 10k × 10k port interconnection network
(see Fig. 3), which is the number of ports currently envisioned
for future large-scale OPS networks in applications ranging
from data communications and storage to high-performance
computing [1].
The results have demonstrated that the physical layer size
scalability of an SOA-based optical switching network is determined by several parameters: the packet’s launched input
power, the power per channel, the number of channels, and the
bandwidth across which the channels are distributed. Optical
packet interconnection networks such as the data vortex offer
the bandwidth and the low latency required in such systems.
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