cerous tissue. The plasma pencil ap-
pears to kill bacterial cells selectively,
perhaps because they are simpler in
structure and their DNA is not as well
protected as in mammalian cells.

To make sure that the cold plasmas
weren't killing healthy cells and thus hin-
dering regeneration in the wound-
healing process, Laroussi and several col-
leagues conducted simple experiments
using worms, cutting their tails and ap-
plying the plasma pencil to the wound.
“If it didn’t grow back, we would know
we had done something bad to the nor-
mal cells,” he said. “But they all grew
back, so we have a preliminary indica-
tion that this plasma has a non-negative
effect on cell regeneration.”

A “bloodless scalpel”

Yet another prototype device is the
plasma blade system being developed by
Peak Surgical (Palo Alto, California). For
decades surgeons have relied on scalpels
to cut skin and delicate tissues, but such
tools don't control bleeding. Electrosur-
gical devices can both cut precisely and
control bleeding by cauterizing the
wound site, but they also cause thermal
damage to surrounding tissue. The
plasma blade system offers surgeons the
best of both worlds by enabling them to
cut precisely and control bleeding using
a highly focused plasma concentrated at
the very edge of the device, without heat
damage to surrounding healthy tissue.
The plasma blade differs from both
the needle and the pencil in that the
plasma actually makes cuts, while it
simultaneously reduces bleeding.
Platelets, which are critical to blood
clotting, are activated by cold plasmas,
although the exact mechanism is not yet
understood. The cold plasmas also fight
infection, reduce inflammation, and
thereby accelerate wound healing.
Originally developed at Stanford Uni-
versity and licensed by the company for
commercialization, the plasma blade
uses RF energy produced by a small

4-MHz generator about the size of aDVD
player. “The pulsed energy hits the tar-
get tissue and starts to break it down into
charged particles, creating a plasma
cloud,” says Andre Bessette, Peak Surgi-
cal’s vice president of marketing. “This
plasma cloud acts as a conductive
medium to allow more energy transmis-
sion at lower power. The lower tempera-
tures lead to less thermal damage.”

The instrument tip is a proprietary
insulated electrode made out of metal,
stainless steel or tungsten. The plasma
forms right at the metal tip, which never
touches the tissue. The system has been
successfully tested on retinal tissue; the
most recent clinical studies on healing
of surgical incisions were conducted
using pig skin. Those studies found that
use of the plasma blade system resulted
in “stronger, faster wound healing”
compared with conventional scalpels
and electrosurgery techniques, accord-
ing to Peak Surgical CEO John Tighe.
“Compared to a scalpel, we had 60%
less bleeding,” a finding that led him to
dub the blade a “bloodless scalpel.”

There is still a tremendous amount
of scientific investigation to be done, ac-
cording to Schoenbach, who sees a need
for more funding of basic research on
cold plasmas. “We don’t understand
very much about the underlying mech-
anisms” of these emerging tools, he ex-
plains. Cold plasmas effectively kill
bacteria and improve blood coagula-
tion, “But what is causing these effects,
and how can we gain better control over
the plasmas?”

For the researchers working on cold
plasmas for biomedical applications, the
current crop of crude devices poised for
clinical use is just the beginning of a
broader trend. “We are on the cusp [of
greater things],” says Laroussi. “We
think cold plasma will have an increas-
ingly bigger role to play in healthcare
and could revolutionize the way in
which plasmas can be used in medicine.”

Jennifer Ouellette

White LEDs poised for global

impact

Cities around the world are discovering that solid-state lighting
costs less and produces fewer greenhouse emissions than incan-

descent or fluorescent lights.

Rural villagers in Nepal rely on
kerosene lamps to light their homes,
and they aren’t the only ones to do so.
Worldwide, around 1.6 billion people —
most of them in developing countries—
don’t have access to electricity and must

www.physicstoday.org

rely on fuel-based sources for lighting.

Inadequate lighting represents a sig-
nificant barrier to future development,
according to David Irvine-Halliday, a
professor of electrical engineering at the
University of Calgary in Canada and
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founder of the Light Up the World
Foundation. LUTW is a nonprofit or-
ganization that distributes solid-state
lighting systems to rural villages all
over the world, including Nepal, Tibet,
Pakistan, India, Ghana, and Sri Lanka.
It relies on donations from individuals
and corporate partners and on support
from host countries and other interna-
tional foundations.

The foundation’s global lighting so-
lution is a combination of two 1-W
white light-emitting-diode lamps cou-
pled with a 5-W solar panel and a lead-
acid battery, although some systems
use pedal generators or even small
wind turbines. Unlike incandescent
bulbs, LEDs don’t need filaments, so
they don’'t waste energy through heat
losses; the illumination derives solely
from electron-hole recombination in
the semiconductor material. LEDs are
longer-lasting and more efficient than
kerosene lamps, and they produce less
greenhouse gas emissions.

Irvine-Halliday credits physicist
Shuji Nakamura of the University of
California, Santa Barbara, with devel-
oping the necessary technology to bring
solid-state lighting to the developing
world. Nakamura invented the white
LED while employed by Nichia Corp in
Japan. The first white LEDs generated
light inside a crystal of gallium nitride,
powered by a 3-volt battery.

First, Nakamura developed a new
technique for growing gallium nitride.
Then he discovered he could make a
brighter, more efficient blue LED by
adding indium to the gallium nitride
structure. That technique lowered the
frequency of the emitted photons from
UV to blue light. By sandwiching a
layer of InGaN between two cladding
layers of the wider-bandgap GaN, he
created a quantum well effect, confin-
ing electrons to two dimensions in-
stead of three and giving them a
sharper density of states than is found
in bulk materials.
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Children reading by the
light of white LEDs installed
at Golden Island Cottages,
Inle Lake, Myanmar.

Adding just a fraction
more indium to the mix re-
sulted in a green LED. To
make a white LED, Naka-
mura added a yellow
phosphor  coating  of
cerium-doped yttrium alu-
minum garnet crystals.

: The yellow light stimulates
the red and green photoreceptors of the
eye and, when mixed with the blue
light emitted by the LED chip, gives the
appearance of white light. Finland’s
Millennium Prize Foundation, which
honored Nakamura in 2006, equated
his technological breakthroughs to
Thomas Edison’s invention of the in-
candescent lamp.

Energy efficiencies continue to im-
prove. White LEDs now have energy ef-
ficiencies of 60% in the laboratory and
25-52% in actual use, which is a signif-
icant improvement over incandescent
bulbs at 5% and fluorescent lighting at
15-25%. Nakamura believes white
LEDs could reach 90% efficiency in the
laboratory by 2011.

A major factor is cost. LED prices are
currently about 10 times higher than in-
candescent bulbs, although they are
cheaper in the long run because they
last much longer and use less energy.
LUTW's system costs about $150, “far
too much money to expect those at the
base of the economic pyramid to have
on hand,” Irvine-Halliday admits.
However, he realized that people in
rural villages were paying that much
per year for kerosene. So he devised a
payment plan in which they can pay for

the system in installments, on a par
with what they were spending on
kerosene. After one year, they will own
the system outright, with minimal
maintenance costs of around $2 per
year.

Solid-state lighting is beginning to
make inroads in the US as well. The De-
partment of Energy estimates that 22%
of all the electricity produced in this
country is consumed by lighting, and
widespread deployment of LED sys-
tems could cut that consumption in half
and reduce costs substantially. For in-
stance, Philadelphia replaced more
than 14 000 of its red traffic light signals
with LEDs, for a projected five-year
savings of $4.8 million. Raleigh, North
Carolina, is in the process of making the
switch to LEDs in its streetlights—as is
Toronto, Canada—as part of the LED
City program, an industry—government
initiative dedicated to promoting LED
lighting.

Another LED City partner, Ann
Arbor, Michigan, switched 1000 of its
streetlights entirely to white LEDs in
November. City officials anticipate a
3.8-year payback on their initial capital
investment and estimate they could
save as much as $100 000 per year in the
long term. The action could also remove
about 294 tons of carbon dioxide annu-
ally that would otherwise be emitted
into the atmosphere. Eventually, the
city plans to switch all of its streetlights
to white LEDs.

Currently, LUTW has its LED sys-
tems installed in 20 000 homes in 42
countries, but Irvine-Halliday’s vision
is to light millions of homes. “We're just
barely scratching the surface,” he says
of the foundation’s achievements to
date. “It'’s a matter of getting the word
out. People need to know that there is a
proven solution for lighting up the de-
veloping world.”

Jennifer Ouellette

I Science fellows craft policy on

Capitol Hill

While in graduate school at the
University of Washington, particle
physicist Matt Bowen attended a sym-
posium lecture on energy policy by
Nobel laureate Steven Chu. The talk in-
spired Bowen to pursue energy-policy
issues, and he became a senior program
associate for the Board on Energy and
Environmental Systems at the National
Academy of Sciences. This year he was
selected as an American Physical Soci-
ety (APS) congressional fellow and is
working with Senator Harry Reid

(D-NV) on energy issues.

Bowen is part of a class of more than
160 science and technology (S&T) pol-
icy fellows who are working for a year
in Congress or in executive-branch
agencies (see story on page 27). Con-
gressional fellows are sponsored by the
American Association for the Advance-
ment of Science (AAAS), the American
Institute of Physics (AIP) and some of
its member societies, and other organi-
zations; after completion of a rigorous
summer orientation session conducted
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