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Abstract: Wavelength-agile networks will require optical technologies that support a wide range
of function, granularity, flexibility and performance. Device integration will be critical to cogt,
reliability and scalability for these networks. In this talk the basic definitions and requirements of
wavelength-agile all-optical networks will be summarized. Integrated functions and underlying
device technologies and their requirements will then be discussed. The potential impact of future
integration technologies will also be addressed.
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1. Introduction

Optical networks enable scalable, high performance communications by combining the bandwidth of optical fibers
and the flexibility of wavelength division multiplexing (WDM) technologies. The success of WDM for high-
capacity point-to-point transmission is evidenced by the commercial ubiquity as a link technology across a broad
range of network applications. There is strong motivation to move WDM technology beyond simple point-to-point
applications and into applications that use wavelength to implement switching functions. These new applications
will require “wavelength-agility,” the capability to dynamically switch wavelengths onto and off of the fiber, switch
wavel engths between fibers, and to switch information between wavelengths.

A roadmap to illustrate the potential evolution of wavelength-agile networks is shown in Figure 1. Three phases are;
(1) Static-l, (1) Static- -agile, and (111) Dynamic | -agile. The first phase, implemented in today’s commercially
deployed systems, involves WDM point-to-point transmission and the capability to statically hardwire individual
wavelengths onto and off of the fiber without passing the pass-through wavelengths through electronics. These
systems have led to considerable cost savings in transporting large amounts of data across a network. The second
phase, static-l -agile, imparts the ability to automatically move individual wavelengths onto and off of the fiber
without passing the signal through electronics and to switch wavelengths passively between fibers (without
wavelength conversion). This “dynamic reconfiguration” of optical wavelengths can be controlled with sophisticated
computer mechanisms, and it is this process of automating connections that is expected to bring down the cost of
managing the next generation of optical networks. In phase (11) the rate at which wavelengths are connected and
disconnected will at first occur over long time periods (greater than minutes) and are called “circuit-switched”
connections. Reconfigurable optical add/drop multiplexers and photonic crossconnects are presently being used to
implement these wavelength circuit switched functions in deployable networks.

As new, faster switching technologies become available, the reconfiguration time will continue to decrease to sub-
second and will be used to implement functions like protection switching that must reconnect or reroute wavelengths
and fibers within tens of milliseconds [2]. As wavelength-agile systems progress, functions like wavelength
conversion will be used to prevent blocking in add/drop multiplexers and crossconnects. The continued advance in
optical switching technology will decrease reconfiguration times where wavelength connections can be switched in
microseconds allowing bursts of data to be transmitted at a time. Ultimately, optical packet switching will utilize
nanosecond rate wavelength reconfiguration speeds to allow individual packets to be routed through the optical
network [3].

2. Wavelength-Agile Device I ntegration

Device integration is critical to all phases of wavelength-agile optical networks. Photonic integrated circuit
technologies [1] offer the potential for reduced cost, smaller footprint, reduced power consumption and improved
performance, reliability and manufacturability. While many integrated device functions have been demonstrated in
the laboratory, today’s commercial subsystems and systems are till constructed using optical technologies that are
at the same level of integration as el ectronics were in the late 50s/early 60s.
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Several commercialy viable integration technologies are making their way into systems and are on the horizon for
next generation components. A selection of agile network functions and application to the ultra-long haul, long-
haul, metro and access networks is shown in Table 1. These functions may be integrated using one of several
integration platforms and will be discussed in further detail in the talk. The optimal integration platform depends on
a wide variety of factors, mostly driven by where the technology is used and what are the required operating
characteristics, reliability, cost and scalability. For example, a map of optical switching technologies is shown in
Figure 2. Each implementation technology is shown covering a region of port count vs. switching reconfiguration
time.

As two data points, consider Optical MEMs mirrors, which have been integrated in a 3D configuration as shown by
the example in Figure 3a. Current state-of-the-art mirror arrays are integrated into silicon at a density of 200
switches on a 1cm? die. This level of integration was needed to advance this technology to support large port counts,
high reliability, small footprint, low environmental sensitivity, low loss and low loss-variation across port-to-port
connections. This technology can scale up to hundreds and possibly thousands or ports while maintaining low losses
(order 10dB).

While MEMs will satisfy static | -agile applications and yield very large port-count switches, different technologies
will be needed to scale switching speed and wavel ength-agility into the dynamic range. Wavelength switching is an
ideal candidate for this application. Rapidly tunable lasers, all-optical wavelength converters, and arrayed
waveguide arrayed routers can be implemented on a common InP planar integrated optic platform. An example
integrated laser/wavelength converter isillustrated in Figure 3b. In thistalk we will take alook at more examples of
deviceintegration and its relation to wavelength-agile optical networks.

7. References

[1] L. A. Coldren and S. W. Corzine, Diode Lasers and Photonic Integrated Circuits, Wiley Seriesin Microwave and Optical Engineering, Kai
Chang, Series Editor, 1995.

[2] R. Ramaswami and K. N. Sivargjan, Optical Networks: A Practical Perspective, Second Edition, Morgan Kauffman Publishers, 2002.

[3] “Routing Packets with Light,” D. J. Blumenthal, Scientific American, 284 (1), pp. 79-83, January, 2001.

A e Pad
/ Dynamicl -Agile o Photonic ‘:
i Pecket 1
E o Switching !
! Optical Burst :
! Switching :
| o H
_______________________ i Optical Digital !
s Regeneration/ :
| Static| -Agile \ Wavelength Conversion h
=y | A S
) | WDM Optical |
< i Crossconnects 1
= : and :
0 ' Recorfiaurable Reconfigurable E
£ e X oM ¢ AddiDrop
) s Add/Drop Multiplexers !
2 | staticl R %
= | _ g ST N N y
! Fixed Wavelength ! e e e A
| __AddDrop | Quasi-Static Slow Medium Speed ~ Fast Speed
i with Electronic Switchiflg wavelength ~ Wavelength ~ Wavelength Wavelength
! i Tuning () Tuning (Ms) Tuning () Tuning (ns)
' WDM Point-to- !
', Point Links K
intude ielutuielulutatel i inlntuielnletaiel i inlulelulals ~ | | | | >

1996 1999 2000 2001 2002 2003 2004 2004

Figure 1. Evolutionary roadmap for wavel ength-agile networks.
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Figure 2. Port count vs. reconfiguration time for various optical switching technologies.

@ (b)

Figure 3. Examples of (a) 3D silicon optical MEMs integration for large port count switching and (b) fast tunable wavelength
trandlation using planar InP integrated optics technology. MEMs 3D picture is courtesy of Calient Networks.

Table 1. Selected optical components and their associated network applications

Ultra Long Haul Long Haul Metro Access

Tunable Lasers and Filters

Optical Switches and OADMs

\Wavelength Converters

Optical Performance Monitoring

Optica Mux/Demux

Dispersion Compensation

Optical Regeneration

\Variable Optical Attenuators

40 Gbps M od/M ux/Demux




