— HATZ becomes a full member of Euro-CASE

— HATZ officially recognized as scientific organization
— Agreement signed between HATZ and Austrian Academy of Sciences
— Milan Bandi¢, Mayor of Zagreb, accepts co-patronage of Ruder Bodkovi¢'s tricentennial

New Technology

Photonic Crystals — Enabling Optical
Signal Processing

In recent decades, electronics has demonstrated enormous success in advancing
almost any application that has to do with information processing: following
Moore’s law, data density on an electronic chip has doubled every 18 months. Al-
though such an exponential growth is likely to continue for a while, inherent
physical limitations of electronics are expected to prevent this growth from last-
ing indefinitely. Some of these limitations are already becoming manifest today:
as electronics in modern computers is forced to operate at ever-higher frequen-
cies, power dissipation and consequent hardware heating are becoming a very se-
rious problem. In nodes of optical telecommunication networks, where data needs
to be processed electronically at operational frequencies that are even higher, the
problem is even more eminent. Electronics is simply not suitable for operation at
very high frequencies, or bandwidths.

Realizing that electronic signal processing would eventually face this fundamen-
tal physical limitation, engineers in the early 80s enthusiastically explored the
possibility of building an optical computer, in which data would be carried with
light (photons) instead of charged carriers. Optical domain is perfectly suited for
operation at high frequencies, with physical limits orders of magnitude higher
than those of electronics. However, for true all-optical signal processing, one has
to have a way of influencing light with light itself: one has to use optical
nonlinearities. In optically nonlinear media, the index of refraction is modified by
the presence of a light signal; this modification can be explored to influence an-
other light signal, thereby performing an all-optical signal processing operation.
In order to efficiently operate at high speeds, one prefers to use nonlinearities
with ultra-fast (or nearly instantaneous) response and recovery times. Unfortu-
nately, such nonlinearities are extraordinarily weak, so the proposed optical logi-
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cal elements from the 80s
were too large, and con-
sumed orders of magni-
tude too much power to
be feasible. Since elec-
tronic computers of the
time were still far from
their physical limits, the
research in the area of op-
tical computing dramati-
cally subsided in the years
that followed, and people
started viewing optical
signal processing as being
impractical due to the
weakness of the optical
nonlinearities.
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Marin Soljaci¢, Massachusetts

Institute of Technology (MIT),
Cambridge, U.S.A.

Since those days, the lim-
its of electronics have be-
come much more press-
ing, and to mitigate the problems associated with them,
engineers have recently started resorting to optics again.
In optical telecommunication networks engineers nowa-
days try to minimize the involvement of electronics in sig-
nal manipulation and to keep the signals in the optical do-
main for as long as possible. Furthermore, even data trans-
port between various electronic desktop computer parts
(e.g. between different parts of the processor, between the
memory and the processor, etc.) will likely soon be per-
formed in the optical domain. Therefore, there is a rapidly
growing need to find new physical mechanisms that
would improve our ability to manipulate light. In the quest
for the optimal solution, photonic crystals (first invented

Engineering Power

in 1987) have recently emerged as an exceptionally prom-
ising platform.

Photonic crystals (PhCs) are artificially created materials
in which index of refraction varies periodically between
high index regions, and low index regions. Such an envi-
ronment presents to photons what a periodic crystalline
potential of a semi-conductor presents to electrons. In par-
ticular, under proper conditions, a complete photonic
bandgap opens: light for any frequency within the
photonic bandgap is prohibited from propagation in any
direction inside a PhC. Because of these similarities, PhCs
are sometimes called “semiconductors for photons™. Since
semiconductors enabled integration of electronics, PhCs
are thought to be the most promising candidate to imple-
ment integrated optics. PhCs offer unprecedented opportu-
nities for molding the flow of light, so geometrical proper-
ties of PhC devices can dramatically enhance optical inter-
actions of interest. For example, preliminary nonlinear
PhC all-optical switches have been built that are of
sub-micron size, an order of magnitude faster than transis-
tors used in commercial electronics today, while consum-
ing only two orders of magnitude more energy per logic
operation. Moreover, PhC designs that could enable non-
linear interaction even between single photons have been
proposed. Nonlinear PhCs are thus destined to dramati-
cally change the view that optical nonlinearities are too
weak to use for signal processing.

In the years that will follow, one should expect optics solu-
tions to keep penetrating deeper and deeper into electronic
designs, and PhCs will play a major role in making this pos-
sible: information processing of the near future will thus
likely be performed by hybrid electronic and optical designs,
with optics playing an ever-increasingly important role.
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