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Helping Eyes  
Heal Themselves

A new treatment for people with 
damaged corneas may emerge from 

a study in which corneas regenerated 
around an implanted collagen scaffold-
ing. Diseases that lead to clouding of 
the cornea represent the most common 
cause of blindness. The promising results 
come from an early clinical trial with 
10 patients conducted by researchers in 
Canada and Sweden. 

Senior author May Griffith of the 
Ottawa Hospital Research Institute, the 
University of Ottawa, and Linköping 
University, says the study “is the first 
to show that an artificially fabricated 
cornea can integrate with the human eye 
and stimulate regeneration” (Sci. Transl. 
Med., 2, 46ra61). Griffith has both M.D. 
and Ph.D. degrees.

Light enters the eye through the cornea, 
a thin transparent layer of collagen and 

May Griffith 
displays a bio-

synthetic cornea 
that can be 

implanted into 
the eye to repair 

damage and 
restore sight.

cells. The best treatment available today 
involves replacing damaged corneas with 
tissue from organ donors. But there are 
not enough available donors, and patients 
may reject implants or require long-term 
immune suppression. As an alternative, the 
researchers created a biosynthetic cornea 
made from human recombinant collagen. 

After cutting out the damaged outer 
layer of the cornea and implanting the 
biosynthetic one, cells and nerves from 
the patients’ own corneas grew into the 
implant. At the two-year checkup, the 

Ottawa Hospital Research Institute

C. Lagattuta, University of California, Santa Cruz

Slow-Light Silicon Chip Could Lead 
to Practical All-Optical Switches

Silicon wafer with 32 atomic spectroscopy 
devices that can be used to create and 
control slow light on a chip. The wafer’s 
diameter is roughly 4 inches or 10 cm.

A U.S.-based team has demonstrated 
the slowest light ever propagated on 

a single silicon chip. Most “slow-light” 
experiments have been performed under 
cryogenic or other extreme conditions, 
hardly an operating environment for 
practical photonic devices.

Researchers at the University of Cali-
fornia, Santa Cruz (UCSC) and Brigham 
Young University, U.S.A., created tiny 
optical waveguides filled with warm 
rubidium vapor on a silicon chip. These 
cavities slowed the group velocities of light 
pulses by up to a factor of 1,200 (Nature 
Photon., doi:10.1038/nphoton.2010.211).

According to Holger Schmidt, an 
electrical engineering professor at UCSC, 
the researchers wanted to combine the 
effects previously demonstrated in alkali 
vapors with the convenience of a photonic 
integrated system based on micron-scale 
waveguides. The team created a chip 

corneas appear to be normal, healthy 
tissue. They became sensitive to touch 
and began producing normal tears. Of 
the ten patients, six had improved vision 
and the others (with contact lenses) had 
vision comparable to conventional cor-
neal transplantation.

The researchers are planning larger 
studies. “With further research, this 
approach could help restore sight to mil-
lions of people who are waiting for a do-
nated human cornea for transplantation.”

—Yvonne Carts-Powell

containing waveguides with hollow 
cores measuring 4.75 3 12 mm. Since 
the rubidium vapor has a refractive index 
lower than the outer guiding medium—
the opposite of an optical fiber—the 
team lined the waveguides with a thin 
dielectric coating to confine light within 
the channels.

Unlike ultracold slow-light experi-
mental setups, the rubidium-filled wave-
guides operate at 80 °C, a temperature 
that can be achieved with an inexpensive 
heater. The team could speed up or slow 
down the pulses by simply changing the 
power of the control laser.

The self-contained chip slowed the 
group velocity of light by a factor of 
1,200, or some 250,000 m/s—still not 
as “slow” as more complex experiments 
involving Bose-Einstein condensates. Still, 
a future instrument designer could use the 
tiny waveguides to increase the spectral 

resolution of a spectrometer by a factor 
of 1,200. Alternatively, someone could 
make the instrument 1,200 times smaller 
but get the same spectral resolution, and 
that would point the way toward on-chip 
integrated spectrometers. Other potential 
applications include quantum communi-
cation, quantum memory and integrated 
all-optical switches. 

— Patricia Daukantas
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CALL FOR 
PAPERS
The topical meeting on Digital 
Holography and Three-Dimensional 
Imaging provides a forum for 
disseminating the fundamentals 
and applications of holographic and 
digital methods in optical science and 
technology, including holographic 
interferometry for deformation 
or contour measurement, new 
technologies for phase unwrapping, 
3-D optical remote sensing, 3-D 
holographic microscopy, 3-D optical 
image processing, 3-D display, and 
digital holography for life science or 
nanophotonics applications.

This year’s invited presentations focus 
on the following categories:

• Biological and Drug Discovery 
Imaging

• Bio-optics in Clinical Application

• Microscopy, Optical Coherence 
Tomography and Sensing

• Optical Imaging & Spectroscopy

• Photoacoustic Imaging & 
Spectroscopy

• Photonic Nanotechnology and Probes

SubmiSSion DeaDline:  
5 January 2011 
(12:00 noon EST; 17.00 GMT)

Visit www.osa.org/dh 
to submit your paper.

ChairS:
George Barbastathis, MIT, USA
Toyohiko Yatagai, Utsunomiya Univ., 
Japan

For more information about this 
meeting, visit www.osa.org/dh

Digital Holography & 
Three-Dimensional 
Imaging (DH)
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Laser Technique Moves 
Particles more than a Meter 

In an extension of optical tweezer 
technology, a new technique guides 

100-µm particles more than a meter 
through air, along a narrow and control-
lable tube made of laser light. Vladlen 
Shvedov and others at Australian 
National University (Canberra) imple-
mented this giant optical manipulation 
using what they call vortex beams (Phys. 
Rev. Lett. 105, 118103).

Optical tweezers are used to manipu-
late tiny particles (e.g., cells, molecules, 
viruses and glass microspheres) in 
solution or gas. These tools have been 
revolutionary for studying biological 
molecules, as well as for building and 
handling materials on a nanoscale. But 
because these systems use weak radia-
tion pressure forces, particles movements 
are limited to a few hundred microns. 
The new technique, which uses ther-
mal forces, operates in one dimension 
at distances of more than a meter (and 
theoretically even longer) for particles 
with certain properties.

The researchers used a linearly polar-
ized CW laser beam at 532 nm, with a 
topological charge generated by passing 
the beam through a single fork-type 
amplitude-diffraction hologram. The 

Yana Izdebskaya 
and Vladlen Shvedov 
make adjustments to a 
vertical version of the 
vortex transporter. 

resulting “vortex beam” is collimated, 
with a donut-shaped beam profile (i.e., 
an intensity minimum at the center) 
and an adjustable focal length. 

The particles were chosen to have low 
thermal conductivity and high optical 
absorption. When these coated glass 
microspheres were released into the dark 
center region of the beam, they trav-
elled down the center, caught and were 
inexorably conveyed in one direction. 
The bright ring of light repels particles 
trapped in the dark region on axis, effec-
tively forming a tube down the middle of 
the beam. Meanwhile, the axial compo-
nent of thermal force pushes particles 
along the center axis.

The researchers demonstrated the 
technique’s ability to aim particles to 
spell out letters with the microspheres, 
placing them with ±10-µm accuracy 
from more than half a meter away.

This technology could be used to 
make interesting microstructures out of 
small particles; or toward measuring the 
mass and thermal conductivity of very 
small objects. The special requirements 
for the particles may limit the usefulness 
of the method, however.

—Yvonne Carts-Powell

Courtesy of Tim Wetherell, Australian National University
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J. Koelemeij/NIST

Optical Clock Leads to 
Better Measurements 
of Relativity

The ion trap in the NIST 
aluminum-ion clock. The 

aluminum ion and part-
ner magnesium ion sit 

in the slit running down 
the center of the device 
between the electrodes.

D rivers caught in slow-moving traf-
fic may not realize that they are 

experiencing relativistic time dilation. 
But thanks to super-accurate optical 
clocks, scientists can measure the effects 
of relativity on ordinary speeds in the 
everyday world—10 m/s, which is 33 kph 
or roughly 22 mph.

Four researchers at the National 
Institute of Standards and Technology 
(NIST; Boulder, Colo., U.S.A.) used 
their aluminum-ion-based optical clocks 
to measure time dilation to an unprec-
edented degree (Science 329, 1630). The 
team detected gravitational time shifts in 
a change of height as small as 33 cm.

The group, led by postdoctoral associ-
ate James Chin-wen Chou, conducted its 
experiments with two of its newest Al+ 
optical clocks, which have systematic fre-
quency uncertainties up to 8.6 3 10–18. 
One clock used a magnesium ion as the 
signaling “logic” ion—because the Al+ 
ion couldn’t be cooled directly—while 
the other clock used a Be+ ion.

The team set the clocks in separate 
laboratories and compared them via a 

If the optical clocks are improved 
so that they can run for long periods 
without human monitoring, they could 
find applications in geodesy, hydrology 
and tests of fundamental physics. The 
optical fiber links used in the NIST 
experiments provide sufficient accuracy 
across lengths of up to about 250 km, 
but the researchers say that interconti-
nental links between clocks may require 
free-space optical techniques that are 
still being developed. 

—Patricia Daukantas

75-m length of 
noise-canceled 
optical fiber. To 
test the effects of 
motion on time, 
the scientists 
applied a small 
electric field to 
one of the clocks, 
which caused the 
Al+ ion to move 
away from the null 
position. The field 
caused the ion to 
move—and the clock measured time 
more slowly than its stationary twin.

Likewise, the scientists experimented 
with time dilation by raising one of the 
clocks above the other. At the Earth’s 
surface, they expected time to shift by 
about a factor of 1.1 3 10–16 per meter 
of change in height.

Chou and colleagues started the 
Al-Mg clock 17 cm below the Al-Be 
clock and then raised it 33 cm higher. 
The raised clock exhibited a fractional 
frequency change of about 4.1 3 10–17.

The Optical Aspects of Graphene Research 

G raphene, the one-atom-thick 
carbon lattice that is the subject 

of this year’s Nobel Prize in Physics, has 
many potential applications in photon-
ics—from flexible solar cells and thin-
film displays to heat dissipation in tiny 
optoelectronic devices.

Andre Geim and Konstantin Novosel-
ov, both of the University of Manchester 
(England), received this year’s phys-
ics Nobel for their pioneering work on 
graphene, which began only six years 
ago. According to Alexander Balandin, an 
electrical engineering professor at the Uni-
versity of California at Riverside (U.S.A.) 

and an OSA member, the optical aspects 
of graphene research are quite intriguing.

Two years ago, Balandin and col-
leagues were the first to measure the 
extremely high thermal conductivity 
of single-layer graphene (Nano Lett. 8, 
902). Due to the thinness of graphene, 
the only way they could do so was to 
heat the graphene layer, suspended over 
a trench in a substrate, with a laser and 
then measure the temperature rise from 
the shift in graphene’s Raman spectrum. 
Essentially, they converted the optical 
instrument—a Raman spectrometer— 
into a thermometer. 

Because of its high thermal con-
ductivity, graphene could cool down 
hot spots in tiny optoelectronic and 
photonic devices, Balandin said. Also, 
graphene is transparent, absorbing only 
a tiny fraction of the light falling on it. 
With the proper substrates, it could be 
used as a transparent top electrode in 
touch-screen displays, flexible displays 
and photovoltaic cells.

Balandin and his group are continu-
ing to investigate the thermal properties 
of graphene and graphene applications 
for thermal management. They are 
also working on low-noise graphene 
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Patricia Daukantas (patd@nasw.org) and 
Yvonne Carts-Powell (yvonne@nasw.org) are 
freelance science writers who specialize in 
optics and photonics.

transistors and a graphene circuit for 
radio-frequency applications.

Of Geim and Novoselov, Balandin 
says, “I always knew they would get the 
Nobel Prize, but I didn’t know it would 
happen so fast.”

Many recent articles on graphene 
research have also appeared in OSA’s 
journals over the past few years:

c L. Wu and colleagues at the A*STAR 
Institute of High Performance 
Computing (Singapore) developed a 
graphene-on-gold-fi lm biosensor with 
greater sensitivity than conventional 
gold-fi lm biosensors (Opt. Express 18, 
14395). Th e sensitivity boost comes 
from the graphene layer’s increased 
adsorption of biomolecules.

c A multinational team led by Niki-
tas Papasimakis of the University of 

AlexanderAlUS/Wikimedia Commons
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Southampton (England) studied “a 
photonic metamaterial that shows 
extraordinary sensitivity to the presence 
of a single atomic layer of graphene on 
its surface” (Opt. Express 18, 8353).

c Researchers at the University of Illinois 
at Urbana-Champaign (U.S.A.) used 

their spatial light interference micros-
copy technique to probe the topogra-
phy of a single layer of graphene (Opt. 
Lett. 35, 208).

—Patricia Daukantas

Graphene is an atomic-
scale honeycomb lattice 
made of carbon atoms.


