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explanation may well be correct, but it is 
not clear what we have gained in simplicity 
by taking the system in vitro. It is certainly 
not yet clear from these findings whether 
changes in the actual cellular mechanisms 
of plasticity at the input synapse could 
account for the end of the critical period 
in rodent visual cortex, as Crair and 
Malenka have now shown evidence for in 
somatic sensory cortex. 

'Long-term potentiation' is often taken 
to refer to a cellular mechanism. But it 
actually denotes a wide variety of phe
nomena, for only a few of which is there 
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any understanding in cellular terms. One 
hopes that the unity of biology will 
triumph in the end and that common 
mechanisms will be found to operate in all 
neocortical areas as well as in hippocam
pus. For now, however cognizant we may 
be of the promise of a cellular understand
ing of visual cortical plasticity, we must 
continue to seek it. 0 
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PHOTONICS-----------------

Minding the gap 
John D. Joannopoulos 

IMAGINE a microscopic metropolis, at 
micrometre length scales, with buildings 
that can house bundles of light, and high
ways and bridges that can guide light along 
narrow channels and around tight corners. 
Such are the dreams of researchers in the 
optoelectronics industry. And during the 
March meeting of the American Physical 
Society (San Jose, 20--24 March 1995), 
work presented at a symposium provided 
hope that such dreams may soon become a 
reality. The key is in the use of a new class 
of materials called photonic crystals. 

A photonic crystal is a perfectly 
periodic and intricate dielectric structure 
specifically designed so that light in a 
given range of frequencies (the photonic 
bandgap) is forbidden to exist in its in-

terior. Forbidden, that is, unless there is a 
defect within the otherwise perfect crys
tal. A defect acts like an internal surface 
within which a bundle of light could be 
trapped. This new ability to localize light 
could be used to design elements of novel 
microphotonic devices in optoelectronic 
integrated circuits. 

The first investigations of photonic crys
tals were carried out at millimetre 
wavelengths in the early 1990s. As the size 
of a photonic crystal scales with the 
wavelength of the light, experimental in
vestigations at long wavelengths permit
ted fabrication of photonic crystal struc
tures using conventional machine tools. 

But how can one begin to fabricate such 
intricate structures for sizes approaching 

• • ••••••• 
A photonic crystal, depicted as a simple square lattice of dielectric rods in air, is shown in three 
cases. In the left panel, a light wave is incident from the left. Its frequency lies in the photonic 
bandgap, so the wave is forbidden to propagate inside the crystal. Removal of one rod, as in the 
centre panel, creates a defect which can trap a bundle of I ight within its interior in a very localized 
state. Such a defect could act as a cavity which contains only one mode. Removal of a series of 
rods, as in the right panel, can trap light along a line reminiscent of a traditional dielectric 
waveguide. An important difference, however, is that the photonic crystal allows the light to 
travel in air, thereby reducing losses incurred in the dielectric. 
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micrometre length scales? One proposed 
solution is based on micromachining sili
con wafers which have been oriented 
along (110) (EkmelOzbay, Ames Labora
tory, Iowa State Univ.). This fabrication 
technique takes advantage of a new 
dielectric-rod based design which can be 
constructed by stacking wafers in a 
specific order. A variety of photonic crys
tal structures have been made in this 
fashion, some with lattice constants as 
small as 600 micrometres. These are the 
smalle.st photonic crystals yet fabricated, 
and Ozbay believes he can eventually 
reach lattice constants of 150 micrometres 
with his technique. 

But even if photonic crystals can be 
fabricated at microscopic length scales, 
what can we do with them? One novel 
microphotonic device element has been 
devised by introducing a line defect in an 
otherwise perfect photonic crystal, so that 
this defect would act as a waveguide 
(Pierre Villeneuve, Massachusetts Inst. 
Techno!.). This approach was then used to 
design high-efficiency waveguide bends 
with a radius of curvature comparable to 
the wavelength of the light. Another new 
design was a class of resonant micro
cavities integrated directly in the plane of 
the substrate (Villeneuve). These co
planar microcavities are designed as mic
roscopic bridges which allow for efficient 
coupling into other components of 
optoelectronic integrated circuits, as well 
as direct high-speed modulation and 
single-mode output. 

The current interest in photonic crys
tals, however, is by no means limited to 
micrometre length scales. At the same 
symposium, an exciting design was un
veiled for a metallodielectric photonic 
crystal structure with a large gap at micro
wave frequencies (Elliott Brown, Mas
sachusetts In st. Techno!.). This crystal 
is a periodic arrangement of metallic 
beads embedded in a uniform dielectric 
medium. It is configured so as to have no 
surface modes and was used as a substrate 
for an array of phased directional planar 
antennae. The large gap and lack of 
surface modes eliminate cross-talk be
tween the antennae and allows them to 
radiate most of their power efficiently into 
free space above the substrate. 

Five years ago, the Yablonovitch con
cept of a photonic crystal appeared to 
many casual observers as fanciful specula
tion. The work presented at this year's 
meeting, together with recent achieve
ments from groups around the world, 
clearly establishes the legitimacy and 
promise of this new field. It may well be 
that, as yet, we have only seen the tip of 
the iceberg. 0 
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