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amplifying plasmons 
has been difficult 
because of absorption 
in the metal. While 
theoretical papers have 
suggested ways of 
producing gain in the 
dielectric to overcome 
these losses, the current 
research experimentally 
demonstrates coherent 
stimulated emission 
from plasmons.

The group of 
researchers from Nor-
folk State, Purdue and Cornell (U.S.A.) 
recently demonstrated devices that can 
generate coherent plasmonic fields, 
analogous to the way a laser generates 
stimulated emission of coherent photons 
(Nature 460, 1110). The “spaser” uses 
nanoparticles suspended in solution and 
pumped with visible light.

Co-author Shalaev explains that, 
in their setup, “the optical cavity is 
confined to the nanoscale in a sphere 
of 22 nm radius.” Each nanoparticle 
includes a gold core, which provides the 
plasmon modes, surrounded by a silica 

shell doped with a green 
fluorescent dye, which 
provides optical gain.

The oscillating 
surface plasmon mode 
provides for the feed-
back needed to gener-
ate localized surface 
plasmons—in the 
researchers’ terminol-
ogy, a spaser. Further-
more, when the surface 
plasmons coupled out of 
the cavity, they turned 
into propagating photo-
nic modes: visible coher-
ent light at 531 nm.

Rupert Oulton and others at the 
University of California at Berkeley 
(U.S.A.), Lawrence Berkeley National 

W ithin a month, two groups demon-
strated visible-light lasers generat-

ed from devices far smaller than the light’s 
wavelength. The area of the laser spot with 
either scheme is nearly 100 times smaller 
than the smallest spot to which a laser of 
this wavelength could be focused.

Such tiny lasers offer the potential to 
build optical devices on the same scale 
as the smallest electronics. They could 
be used for sensors, imagers and pieces 
of optical computers on the nanoscale. 
“We have demonstrated the feasibility 
of the most critical component—the 
nanolaser—essential for nanophotonics 
to become a practical technology,” said 
OSA Fellow Vladimir M. Shalaev of 
Purdue University (U.S.A.).

The minimum physical size of con-
ventional lasers (and the optical mode 
size) is limited to more than half the 
wavelength of the laser light. Surface 
plasmons, by contrast, can store optical 
energy in the electron oscillations at the 
interfaces of metals and dielectrics. The 
field is tightly confined to the surface—
propagating fields are limited to a much 
smaller area than, say, optical fields can 
be restricted within waveguides. But 

Nanolasers Sneak Past 
Diffraction Limits

Nanolasing occurs in the 5-nm gap—smaller 
than a protein molecule—between a nano-
wire and underlying silver surface. Inset: 
Electron-microscope image of the design.
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Laboratory (U.S.A.) and Peking Univer-
sity (China) took a different approach 
(Nature 461, 629). Instead of spheres 
in solution, they confine the field in 
two dimensions in a cadmium sulfide 
semiconductor nanowire. The wire end 
was placed within a few nanometers 
of a silver film, and the hybrid sur-
face plasmon laser occurred between 
the two. Plasmon gain occurred in 
the nanowire—largely away from the 
metal. This arrangement allowed them 
to reduce the wire dimensions and the 
volume of the optical mode. 

The next challenge will be electrically 
pumping the nanolasers, a task for which 
the semiconductor device may have an 
advantage over the nanospheres-in-
solution approach. 

Plasmon nanolasers could be used as 
smaller versions of conventional lasers 
for communications or computing. But 
they also present new possibilities. “Light 
that is generated and trapped within 
such tiny spaces can do interesting 
things,” says Xiang Zhang of Berkeley. 
“For example, the interaction between 
light and matter can be strengthened. 
This means we could detect very weak 
effects—for example, detecting single 
molecules—allowing extremely sensitive 
bio-detection.”

— Yvonne Carts-Powell

Ulrich Wiesner is 
part of a team of 
Cornell researchers 
who developed a tiny 
laser in collaboration 
with investigators 
from Purdue and 
Norfolk State.
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Amazing as it sounds, robotics 
researchers at Virginia Tech are 

developing optical technologies that 
will allow blind people to drive. Perhaps 
this shouldn’t be such a surprise, given 
current cars that automatically paral-
lel park or warn a driver about veering 
out of a marked lane. Th e U.S. Defense 
Advanced Research Projects 
Agency (DARPA), for example, 
has run several challenges that 
require vehicles to navigate 
unaided by a driver.

But the Virginia Tech Blind 
Driver Challenge has a dif-
ferent goal from autonomous 
vehicles. Dennis Hong, direc-
tor of Virginia Tech’s Robotics 
and Mechanisms Laboratory 
(RoMeLa), explains, “We found 
out that the ultimate customers 
(the blind) want to drive the car, not be 
driven.” So the researchers focused more 
on how to convey a lot of information, in 
real time, nonvisually, to a driver. 

An undergraduate group, led by 
mechanical engineering student Greg 
Jannaman, designed a vehicle that 
shares some architecture with the 
school’s autonomous vehicle developed 
for the DARPA Urban Challenge. 
Both projects involve similar challenges 
including perception, planning and 
system integration. 

Th e dune-buggy-based test vehicle has 
a laser rangefi nder on the front and three 
methods for providing data to the driver. 
First, a tactile vest inside the driver’s 
harness vibrates to indicate the pres-
ence and location of obstacles and the 
safe speed to drive. Second, drivers are 
guided through turns via an aural system 
on the steering column, which provides 
instructions to the driver through a pair 
of headphones. Th e number of clicks 
corresponds to the angle through which 
the car needs to turn. Th ird, the “AirPix” 

Yvonne Carts-Powell (yvonne@nasw.org) is a 
freelance science writer who specializes in optics 
and photonics. 

Driving Blind

system provides gusts of air in a 2-D 
array near the user’s hands.

Th e team demonstrated a prototype 
this summer. On the closed-course 
driving tests, blind drivers outperformed 
sighted ones.

“I have no doubt that, with the 
technologies we are developing, blind 
drivers will someday be capable of safely 
operating a vehicle on the roads,” Janna-
man says. Th e technology does require 
considerable further testing—and blind 
drivers will have to overcome social and 
legal barriers.

Th e work could also benefi t elderly 
drivers with poor eyesight. Since the laser 
system operates well in low visibility, it 
could aid bad-weather driving. Haptic 
interface systems could also help sighted 
people to unload some information to 
other senses. For example, airplanes 
lean heavily on the pilot’s visual acuity. 
Jannaman says, “Spreading the high-
bandwidth information from the highly 
saturated visual environment around to 
the other senses will greatly increase a 
pilot’s situational awareness.”

Th is school year, the RoMeLa team, 
led by Kimberly Wenger, is developing a 
high-bandwidth tactile map and incor-
porating lane detection into the vehicle.

(Top) Wesley Majerus fi nishes the Virginia 
Tech Blind Driver Challenge. (Left) Patrick 
Johnson, a legally blind graduate student 
at Virginia Tech, test-drives the university’s 
Blind Driver Challenge vehicle. In the pas-
senger seat is Greg Jannaman, who led the 
design team.

DID YOU KNOW?
Yi Wu, University of North Carolina

By activating a protein 
called Rac (left), 
researchers caused 
the cell to protrude and 
summoned another 
protein to the area.

Our cells are ridiculously 
complex, containing a 

stew of proteins that can be 
turned on and off in order 
to alter the cell’s behavior. 
Researchers at the Uni-
versity of North Carolina 
recently described an optical 
technique that manipulates 
protein activity and location in living cells—which gives 
researchers a new tool for studying the fundamentals of 
protein function (Nature 461, 104). The technique makes 
use of a derivative of a protein called Rac1 that can be 
activated upon exposure to laser light; by manipulating the 
protein, researchers can directly infl uence cell motility.

Virginia Tech Robotics and Mechanisms Laboratory (RoMeLa)

RoMeLa


