
Phototube
To Block 

Visible Light 

Scientists at Northwestern University
(Evanston, Illinois) have developed a

phototube that can detect light across the
entire ultraviolet (UV) range while block-
ing both visible and infrared rays. The
phototube, which is filled with a gallium
nitride semiconductor material, is six
times more sensitive than the UV detec-
tors used on the Hubble Space Telescope.

“Our research team has focused on
making better quality semiconductor ma-
terials that respond to UV light,” says Mel
Ulmer, the project lead and professor of
physics and astronomy at Northwestern
University.“Using gallium nitride, we were
able to create a semiconductor material
that provides unprecedented efficiency for
UV detectors.”

To minimize unwanted defects that
limit UV detection efficiency, the research
team added electrically active impurities 
to gallium nitride. The resulting semicon-
ductor material, which was only a few mi-
crometers thick, possessed improved opti-
cal qualities and was very sensitive to UV
light. The research team then placed the
gallium nitride material into a phototube
module commercially developed by
Hamamatsu Corporation (Bridgewater,
New Jersey).

When UV light was focused at the galli-
um nitride material, the phototube’s sur-
face ejected electrons. These electrons
were then pulled in by an anode ring, col-
lected within the phototube, and drawn
out as an electrical pulse. The resulting
electrical signal, which was proportional
to the amount of UV light hitting the pho-
totube, was processed into a UV light 
image.

“The phototube was 30% efficient at
detecting UV light,” says Ulmer.“This rep-
resents a dramatic improvement over the
Hubble detectors, which are only 5% effi-
cient in detecting UV light.”

Based on these results, NASA recently
awarded Northwestern University a
$300,000 grant to develop the phototube
into a UV detector. According to Ulmer, a
large UV detector will allow astronomers

to avoid interference caused by sunlight
and see deeper into the universe. Such
technology may also allow astronomers to
image the cosmic web, a structure of gas
and dark matter that many theoreticians
believe exists throughout the universe.

“The cosmic web is one of the missing
building blocks of the universe,” says Ul-
mer. “If a UV detector imaged the cosmic
web, fundamental information on the for-
mation and evolution of the universe
would be obtained.”

The research team is now working to
improve the conductivity of the gallium
nitride material in the phototube. If the at-
tempt is successful, Ulmer predicts the
group will be able to develop a UV detec-
tor that is 50% efficient. According to 
Ulmer, such a detector could also be 
used in flame detection and biomedical
applications.

Silica Nanowires 
Produced in 
High Volume

R esearchers at the Georgia Institute of
Technology (GIT, Atlanta) are using

low-melting-point gallium droplets as a
catalyst to grow millions of silica (SiO2)
nanowires simultaneously. The nanowire
bunches, which form unusual structures
resembling carrots and comets, provide
opportunities for the development of low-
temperature vapor-liquid-solid (VLS)
routes for improved nanowire synthesis.

“Normally, in the VLS process you use
one particle of a high-melting-point metal
to produce one nanowire,” says Zhong Lin
Wang, director of GIT’s Center for Nano-
science and Nanotechnology. “This is the
first time that a single particle simultane-
ously catalyzes the growth of millions of
nanowires.”

To grow the SiO2 nanowires, the re-
searchers placed gallium nitride powder at
the center of an alumina tube inserted into
a high-temperature, horizontal tube fur-
nace. A silicon wafer stripe (10 x 1 cm2)
was placed on the middle of a wide alumi-
na plate (10 x 3 cm2), located 10 cm away
from the gallium nitride powder.

The researchers flowed argon gas
through the furnace and heated the pow-
der to 1150°C, causing it to decompose
into a dense, hot vapor of gallium and ni-
trogen gas. The gas rapidly condensed into
small gallium clusters, forming droplets
approximately 5-50 �m in diameter. The
gallium droplets, which were carried
through the furnace by the argon gas, then
condensed on the silicon wafer.
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What the cosmic web might look like in the ultra-
violet: an image predicted by cosmological hydro-
dynamic simulations.
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Scatterings
Tyler Krupa

(a) Low-magnification SEM image of carrot-shaped rods (CSRs) growing in groups on the silicon wafer.
(b) High-magnification SEM image showing several tens of CSRs forming a sisal-like structure. Note that
each CSR has a liquid gallium ball at its tip.
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SCATTERINGS
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In five hours, bundles of silica nano-
wires formed between the gallium droplets
and the water’s surface. Silica nanowires
with slightly different properties also
formed between the gallium droplets and
the alumina surfaces in the furnace.

“We were pleasantly surprised to ob-
tain silica nanowires in such a high yield,”
says Wang. “Even more unexpected was
the fact that these nanowires demonstrat-
ed amazing growth phenomena unlike
anything previously observed through a
conventional VLS growth process.”

Once the SiO2 nanowires had formed,
the research team used a scanning electron
microscope (SEM) to analyze the different
growth phenomena present on the silicon
wafer and alumina plate. Carrot-shaped
rods (CSRs), with diameters of 10-50 �m
and lengths of up to ~1 mm, appeared in
groups on the silicon wafer. Every group
contained hundreds of CSRs with galli-
um-ball tips that grew straight up. From
each ball, millions of SiO2 nanowires grew
perpendicularly.

The alumina plate contained numer-
ous, comet-like structures which were
much thinner than the CSRs. The typi-
cal outer diameters were in the range 
of 5-30 �m, with lengths measuring 
<500 �m. SEM magnification revealed
that the tails of the comet-like structures
were composed of a large quantity of ori-
ented SiO2 nanowires. The tips were
comprised of molten gallium with a thin
oxide layer.

Although differences were observed in
the morphology and inner structure of the
nanowires on the silicon wafer and those
on the alumina plate, in both cases it was
clear that use of molten gallium had re-
sulted in a new catalytic behavior for
nanowire growth.

“The results indicate that gallium’s low
melting point can serve as an effective cat-
alyst for the growth of amorphous silica
nanowires via a VLS process,” says Wang.
“Our results show that molten gallium
spontaneously divides into branching
structures, which is unlike anything
achieved using transition metals as 
catalysts.”

According to Wang, the most impor-
tant aspect of the process is that it allows
researchers to grow aligned wires rather
than a tangle of wires. Wang predicts that
uniform nanowires with this self-splitting
growth structure will be used as optical
splitters in nanometer-scale photonic sys-
tems or as optical convergers.

I n early May, the Hubble Space Tele-
scope (HST) sent astronomers the

first images taken with its recent cam-
era upgrade, the Advanced Camera for
Surveys (ACS). These include some of
the most detailed pictures ever taken of
the universe. The camera was fitted
March 1, during the HST’s third servic-
ing mission.

A new set of optics has improved
the detection range of the ACS and in-
creased sensitivity by a factor of five,
compared with the replaced instru-
ment. The ACS holds three cameras
that provide imaging coverage from
120 to 1000 nm. Holland Ford, lead
scientist on the ACS project, said:
“These are among the best images of
the distant universe humans have ever
seen. The ACS will allow us to enter the
‘twilight zone’ period when galaxies
were just beginning to form after the
Big Bang.”

The ACS will make deep imaging
surveys of clusters of galaxies, allowing
scientists to study the formation and
environment of planetary systems.
One picture shows two galaxies collid-
ing; another captures a celestial “mater-
nity ward,” in which stars and planets
are created.

Behind a star system known as the
Tadpole galaxy, 6000 other galaxies can

now be seen. This is twice the number
of galaxies seen in the HST’s “deep-field
survey,” performed in 1995. It took less
than one-tenth of the time to collect
the new image than it did to collect the
original one in 1995.

The ACS operates from the ultravio-
let region, through the visible, and into
the near-infrared. It replaces the Faint
Object Camera, which was the last of
Hubble’s original instruments.

With a new set of polarizers, filters
and dispersers, the ACS can see deeper
into the infrared region. This means
that red-shifted light from very distant
objects can now be detected, and that
the HST can effectively look further
back in time at a younger universe.

Hubble Upgrade
Beams First Images

By Optics.org

(Top)  The “Cone Nebula,” actually a pil-
lar of gas and dust.This image, captured
by the ACS, shows the upper 2.5 light-
years of the nebula.The entire nebula is
seven light-years long. It resides 2500
light-years away in the constellation Mo-
noceros. (Above) This spiral galaxy, re-
ferred to as the “Tadpole,” resides about
420 million light-years away in the con-
stellation Draco.
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