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High-speed OTDM switching 

K.S. Jepsen, B. Mikkelsen., A.T. Clausen, 
H.N. Poulsen, K.E. Stubkjaer, M. Vas,* 
Center for Broadband Tekcommunications, 
Department of Electromagnetic Systems, 
Technical University of Denmark, Building 
348, DK-2800 Lyngby, Denmark; E-mail: 
kje@emi.dtu.dk 
The speed limit for electronic switching and 
signal processing is currently 30-40 Gbits/s, 
and thus optical techniques are needed in or- 
der to fully exploit the trainsmission bandwidth 
of optical fibers. Two complementary tech- 
niques for optical multiplexing exist, namely, 
optical time division multiplexing (OTDM) 
and wavelength division multiplexing 
(WDM). In both technologies the basic multi- 
plexing and demultiplexing is carried out in 
the optical domain, but more advanced signal 
processing such as switching and regeneration 
can also be performed all-optically, i.e., with- 
out any optoelectronic conversion. WDM of- 
€ers simple (passive) demultiplexing and rout- 
ing of the optical channels, while, on the other 
hand, OTDM has transmission advantages 
such as simultaneous dispersion compensa- 
tion and regeneration of all channels, reduced 
requirements to erbium-doped fiber amplifier 
gain flatness, and zero cross talk from four- 
wave mixing (FWM) or stimulated Raman 
scattering (SRS). As such!. OTDM is well suited 
for "backbone" networks with long spans and 
few nodes but is also being considered for 
ultrahigh-speed local area networks (LANs). 
Several research groups and projects are cur- 
rently investigating OTDM and 
the state ofthe art currently allows point-point 
transmission followed by clock recovery and 
demultiplexing of up to 400-Gbitls  signal^.^ 

Besides the techniques needed for point- 
point transmission, networking issues are also 
important in OTDM systems. As an example, 
consider WDM islands o:r OTDM rings, which 
are interconnected by an OTDM bus as shown 
in Fig. 1, which also lists the key functionalities 
needed in an OTDM network. At the network 
nodes, add/drop multiplexers (ADM) are 
placed for dropping (demultiplexing) chan- 
nels from the bus and inserting new channels 
into the vacant timeslots. If the " a d d  channels 
originate from remote locations, an all-optical 
bit alignment and regeneration prior to adding 
is essential. In packet-switched networks, 
methods for dynamic header processing and 
routing and packet buffering are also needed. 

High-speed all-optic,al signal processing/ 
switching such as clock recovery, demultiplex- 
ing, header processing, a.nd buffering has been 
demonstrated at very hi,gh speeds using elec- 
troabsorption modulators, FWM in semicon- 
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CMAl Fig. 1. Top: OTDM bus used for long- 
distance interconnection of large regional net- 
works with add/drop functionality. 
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CMAl Fig. 2. (a) One possible realizat~on of 
add/drop multiplexer: SOA-based Mach-Zehnder 
interferometer (produced by ETH-Zurich), con- 
trolled by injection of short optical control pulses. 
(b) Examples of demultiplexing from 40 and 80 
Gbits/s to 10 Gbits/s using SOA-MZI. Inset shows 
output eye in the case of 80 Gbits/s demultiplexing. 
(c) Add multiplexing at 40 Gbitds using SOA-MZI. 
Insets show cleared time slot and signal with a 10- 
Gbit/s channel added in the cleared time slot. Bit- 
error-rate (BER) curves are measured after demul- 
tiplexing using electroabsorption modulator. 

ductor optical amplifiers, and a variety of 
NOLM schemes using both fiber- and 
semiconductor-based nonlinearities. Also, 
SOAs monolithically integrated in Mach- 
Zehnder [Fig. 2(a)] or Michelson interferom- 
eters (SOA-MZI or SOA-MI) have proven to 
be a flexible solution as, e.g., addldrop multi- 
plexer@ and regenerative wavelength and for- 
mat converters with ultrahigh-speed capabili- 
ties. Using these structures, stable, bit-rate 
flexible demultiplexing can be performed as 
shown in Fig. 2(b). Moreover, the devices en- 
able an efficient clearing of time slots for per- 
forming add multiplexing, as seen in Fig. 2(c). 

A further example of the application of this 
type of device in the context of OTDM net- 
working is given in Fig. 3. Here two all-optical 
SOA-MI wavelength converters (AOWCs) are 
cascaded to perform the tasks of bit alignment, 
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CMAl Fig. 3. (a) Principle for performingsyn- 
chronization, regeneration, and format and wave- 
length conversion. Incoming signal can be nonre- 
turn to zero ( N U )  or return to zero (RZ), output 
signal is RZ. (b) Results for NRZ input signal (RZ 
output). A sensitivity improvement relative to input 
of 1 dB is seen. (c) Penalty vs. delay, controlled by 
adjusting wavelength at first AOWC. BER measure- 
ments in (b) are taken for 0-ps delay. 

regeneration, wavelength conversion, and, if 
needed, format conversion, providing the in- 
terface from a local network to an OTDM bus.' 

To summarize, OTDM continues to be of 
interest both for point-point transmission and 
as a networking technology for both LANs and 
long-distance transmission. Recent research 
has demonstrated enabling techniques for 
OTDM networks at high speeds, and in con- 
clusion, OTDM is emerging as an attractive 
complement to WDM. 
*DSC Communications, Lautrupbjerg 7-1 I, 
DK-2750 Ballerup, Denmark 
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