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SCATTERINGS | NEWS

T iny silicon photonic crystals that 
resemble layers of stacked logs 

could add ultrafast switching to on-chip 
optical modulators inside telecommuni-
cations equipment.

An international team based 
at the FOM Institute for Atomic 
and Molecular Physics in the 
Netherlands demonstrated the 
first high-speed all-optical switch-
ing of such “woodpile” photonic 
bandgap crystals at telecommuni-
cations wavelengths (Phys. Rev.  
B 77, 115214).

According to Tijmen Euser, 
who is now a postdoctoral fellow 
at the University Erlangen-
Nuremberg in Germany, dia-
mond lattice symmetry offers 
the broadest possible bandgap, 
which extends over a wide range 
of wavelengths. First proposed about 14 
years ago, the woodpile crystals have sili-
con nanorods organized in a diamond-
like arrangement that can be made by 
standard CMOS fabrication techniques. 
The woodpile structure is also resistant to 
structural variations and roughness from 
the fabrication process.

Photonic bandgap crystals are de-
signed to stop light of any wavelength 
within the bandgap from passing through 
the crystal. Changing the bandgap also 

changes the frequency of light that the 
crystal reflects.

Euser and colleagues at Sandia 
National Laboratories (United States) 
and Institut Fresnel (France) zapped each 
of the photonic bandgap crystals with a 
Ti:sapphire laser. The 0.15-ps laser pulse 
shifted the crystals’ bandgap to a higher 
frequency in 0.3 ps, and the switched 
state relaxed with a time constant of 18 
ps. The high-low switching sequence is 
short enough that such crystals could 
shift at repetition rates much higher than 
today’s microprocessor clock speeds.

The researchers also worked out the 
theory behind the optically excited free 
carriers that cause the bandgap frequency 
shift. They found that the Drude model, 
with a carrier relaxation time of 10 fs, 
explained the experimental results well.

To make the results applicable to 
real-world devices, researchers would 
need to reduce the pulse energy needed 
for a switch, according to Euser. He and 
his colleagues said that this reduction 
could be accomplished by exploiting 
planar photonic crystal modulators that 
require only a small change of refractive 
index. Such switches could operate at 
pulse energies of less than 50 fJ, which 

is within reach of on-chip light 
sources such as diode lasers.

“Importantly, the fast decay 
time of less than 20 ps implies 
that all-optical switching could 
potentially be repeated at a rate in 
excess of 25 GHz,” Euser said. The 
researchers think that applications 
such as ultrafast all-optical modu-
lators, used as switches in telecom 
links, could benefit from such high 
repetition rates. They estimate that 
their results and analysis could be 
used in such applications within 
the next five years.

The team dedicated its jour-
nal article to Sandia researcher Jim G. 
Fleming, who fabricated the photonic 
bandgap crystals for the experiments 
before his death in 2007.

— Patricia Daukantas

[ Patricia Daukantas (pdauka@osa.org) is the senior writer/editor of Optics & Photonics News. ]
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Crystal Woodpiles for 
Ultrafast Communication

Tijman G. Euser 
in the lab. 

High-resolution scanning electron 
micrographs of an (001) surface of a 
silicon woodpile crystal. Average lat-
eral distance between two consecu-
tive rods is 650 ± 10 nm. (Inset) A side 
view of the crystal. 
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A      team of Massachusetts research-
ers has learned how to distinguish 

between brain tissue with and without 
Alzheimer’s disease (AD) by evaluating 
the near-infrared optical properties of 
the gray matter (Opt. Lett. 33, 624). 
Although the researchers used slices of 
postmortem human brain tissue, they 
predict that the spectroscopic technique 
might be extended to living patients.

Biomedical researchers who study 
Alzheimer’s disease are continually 
searching for ways to diagnose the 
disease while patients are still alive. 
Currently, the only method they have 
for defi nitively identifying the disease is 
to conduct postmortem examinations of 
patients’ brains. Early detection would 
help scientists to develop drugs to slow 
the progression of the disorder and to 
evaluate the effi  cacy of pharmaceuticals 
in clinical trials.

Th e Massachusetts research team, 
led by Eugene B. Hanlon of the U.S. 
Department of Veterans Aff airs’ geriatric 
research center in Bedford, Mass., used 
samples of autopsied brain tissue from 
fi ve patients who had been confi rmed 

after death as having had AD 
and four patients who did not 
have AD. 

Hanlon and colleagues from 
Boston University and Harvard 
Medical School built on their 
previous studies of 1-mm-
thick slices of brain matter, 
from which they learned that 
AD and non-AD tissues have 
signifi cantly diff erent scatter-
ing coeffi  cients.

In the recent experiments, 
the researchers performed spec-
troscopy on intact postmortem chunks 
of a region of the brain known as the 
temporal pole, a part of the temporal 
lobe that seems to be involved in the 
early stages of AD. Diff use refl ectance 
spectroscopy, particularly in the range 
of 670 to 970 nm, showed a clear diff er-
ence between the AD and non-AD brain 
samples, while absorption spectroscopy 
was less eff ective.

Th e near-infrared is the spectral 
region that easily penetrates several 
centimeters into the human body. To 
make the technique applicable to living 

Infrared Scattering Could 
Detect Alzheimer’s

Several historic events in telecommuni-
cations are marking major anniversa-

ries in 2008. For example, the fi rst words 
across the Atlantic Ocean—via submerged 
telegraph cable—were sent on Aug. 16, 
1858. In the Morse-code message, Great 
Britain’s Queen Victoria sent congratulations 
on the feat to American President James 
Buchanan. However, the system broke 
down quickly, like some of today’s telecom hero experiments. It took another seven years for a 
dependable telegraph cable to traverse the ocean.

This year marks the 20th birthday of the fi rst transatlantic optical fi ber cable, known as TAT-8. 
(TAT-1 through TAT-7, which were built between 1956 and 1978, used coaxial wires to carry 
phone calls.) TAT-8 was taken out of service in 2002, but capacity continues to grow. Today, 
more than 500,000 km of optical fi ber carry data and voices underneath the world’s oceans.

Finally, the Defense Advance Research Projects Agency turns 50 this year. DARPA, of course, 
developed ARPAnet, the predecessor to the worldwide Internet.
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patients, researchers would have to 
subtract out the background signals 
from the skin, skull, dura mater and 
other layers of tissue.

“We’re trying to detect the same 
sort of thing that the neuropathologist 
is detecting during microscopic evalua-
tions,” Hanlon said. 

Th e Massachusetts team is beginning 
clinical studies to see if their methods are 
translatable to living subjects. Th ey also 
hope to develop a clearer understand-
ing of the cellular basis for the observed 
spectral diff erences between the diseased 
and healthy brain tissues.
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Map of the fi rst 
transatlantic 
telegraph cable 
route from 
Frank Leslie’s 
Illustrated 
Newspaper, 
Aug. 21, 1858. 
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