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InGaAsN Used in Fabrication of
1.3-pm VCSEL Structure

Researchers at Sandia National Labora-
tories working with Cielo Communica-
tions have developed a 1.3-pm electrically
pumped vertical cavity surface emitting
laser (VCSEL) grown on gallium arsenide.
This VCSEL is made mostly from stacks of
layers of semiconductor materials common
in shorter-wavelength lasers-aluminum
gallium arsenide and gallium arsenide. The
research team added to this structure a
small amount of the material indium galli-
um arsenide nitride (InGaAsN), which was
initially developed by Hitachi of Japan in
the mid-1990s.

The researchers grew the structure by
molecular-beam epitaxy in a single growth
run. They reported at the Device Research
Conference, held June 19-21 in Denver,
that the top and bottom n-doped distrib-
uted Bragg reflector (DBR) mirrors contain
28 and 33 periods, respectively, and are
fabricated from alternating quarter-
wavelength layers of Aljg,GagosAs and
GaAs. They said that the relatively low
doping in the Si-doped mirrors reduces
the free-carrier absorption. They placed a
tunnel diode at a node of the optical field
in the GaAs layer nearest the cavity in the
upper mirror to provide hole injection into
the active region, and they oxidized the
AlAs low-index layers adjacent to the opti-
cal cavity for electrical and optical oxide
aperture confinement. They used an rf
plasma nitrogen source to grow two 6-nm-
thick Ing34Gag g6Asp99Np o1 quantum wells
(QW), contained in the optical cavity.

As reported at the conference and in an
article to appear in an upcoming issue of
Electronic Letters, John Klem of Sandia and
his colleagues achieved a single-mode
output power of 60 uyW at 20°C and
continuous-wave operation up to 55°C.

Operating at 1.3 um (a wavelength of
low dispersion in single-mode optical
fiber) enables the VCSEL to be used for
a wide variety of high-speed, medium-
distance data-communication applications,
including Internet infrastructure, gigabit
Ethernet, and fiber to the home. Peter
Esherick, manager of the Compound
Semiconductor Materials and Processes
Department at Sandia, said, “We expect
there to be great excitement over the
device—fueled by the rapid expansion of
Internet use and craving for faster
Internet access.”

Encapsulation of Ru-Ni Binary
Nanoparticles into Dendrimers
Enhances Catalytic Activity

A team of researchers at Pohang
University of Science and Technology in
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Korea have obtained Ru-Ni binary
nanoparticles by electrodeposition of the
metals encapsulated in dendrimers that
showed significantly enhanced catalytic
activities for the oxidation of ethanol
when compared with bulk metal-oxide
electrodes. Incorporation of functional
groups like amines enables the den-
drimers to function as complexing agents
of transition metals.

“The dendrimers act as both nanoscale
templates and separators between the
particles,” said Su-Moon Park, professor
at Pohang. Therefore, he expected nano-
particles prepared in this way to offer
advantages for use as electrocatalysts due
to large surface areas, small catalyst load-
ing, and inhibition of aggregation
between particles. Having demonstrated
before that Ru-Ni mixed oxides are
potent electron-transfer mediators for the
electro-oxidation of ethanol, his group
attempted the synthesis of dendrimer-
templated Ru-Ni nanoparticles.

As reported in the August issue of Elec-
trochemical and Solid-State Letters, the Ru-Ni
binary nanoparticles were prepared by
potentiostatic electrodeposition in a mixed
solution containing amine-terminated
poly(amidoamine) dendrimers (G4(NH,),
where G4 represents the fourth generation)
with Ru(IIl) ions and Ni(0) loaded into
G5(0OH) dendrimers. The Niy;-G5(OH) was
pre-reduced with NaBH,. The particles
showed an absorption peak arising from a
Mie plasmon resonance in their UV-visible
spectra, indicating that the particles were
larger than the Mie-onset particle diameter
of 5 nm. The blue shift of the plasmon band
on progressive deposition suggested that
the metal ions were deposited later as
nanoparticles. Cyclic voltammograms of
pure Ni or pure Ru dendrimers were simi-
lar to those for bulk metals and did not
show current saturation at ethanol concen-
trations up to 1.0 M.

“But for the Ni-Ru binary particles, the
nucleation current loop appears when the
ethanol concentration is greater than 0.05 M,”
said Jae-Woo Kim, a doctoral student at
Pohang. “This suggests that the forma-
tion of the passive film is faster than the
chemical decomposition reaction subse-
quent to its formation.” Polarization resis-
tances of these electrodes calculated from
impedance responses showed a decrease
from 460 Q cm? to 31 Q cm? upon addi-
tion of ethanol, indicating a significant
catalytic activity for ethanol oxidation.
Electrochemical experiments revealed a
very fast redox reaction of the templated
nanoparticles, with exchange currents for
ethanol oxidation being improved by a
few orders of magnitude when compared
with a bulk electrode.

Park and his student agree that
“nanoparticles prepared using dendrimer
templates are promising candidates for
oxidation of organic compounds.” In fur-
ther studies, they plan to investigate the
morphology of nanoparticles electro-
deposited under experimental conditions.
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Organogelator-Templated
Synthesis of Hollow TiO,

Nanotubes

Nanostructured anatase phases of TiO,
have potential applications in various
photovoltaic and photocatalytic process-
es. The preparation of hollow TiO,
nanofibers by sol-gel polymerization of
Ti[OCH(CHs;),]4 using self-assembled
templates of the organogelator com-
pound trans-(1R,2R)-1,2-cyclohexane-
di(11-aminocarbonylundecylpyridinium)
hexafluorophosphate was recently report-
ed by scientists at Shinshu University,
Nagano, and the Japan Science and Tech-
nology Corporation. Organogelators are
low-molecular-weight compounds that
act as a template in the sol-gel process and
assist sol-gel polymerization at low con-
centrations. The fibers were ~200 um long
and had inner and outer diameters of
50-300 nm and 150-600 nm, respectively.

As reported in the August issue of
Chemistry of Materials, the materials were
prepared by dropwise addition of an
aqueous solution of either NH,OH or
HCI catalyst mixed with ethanol to an
ethanol solution of the organogelator and
Ti[OCH(CH3;),], in a 1:10 molar ratio. The
solution was then heated to 80°C and
slowly cooled to 25°C to form a white
precipitate. The precipitate was isolated
by allowing the solution to dry at 25°C
for 10 days and heating to 50°C in a vacu-
um for 5 h. The product could also be cal-
cined to remove all organic components
by additional heating to 200°C for 2 h, fol-
lowed by calcining at 450°C for 2 h.

Characterization of dried polymeriza-
tion products by scanning electron

Recently Announced CRADAs
Argonne National Laboratory
(Chicago, Illinois), Intermagnetics
General Corporation (Latham, New
York), and Los Alamos National
Laboratory (Los Alamos, New
Mexico) have signed a three-year,
$2.5 million cooperative research and
development agreement to focus on
coating technologies developed for
producing second-generation high-
temperature superconducting tape.






