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ing is that nanoscale indium particles
seem to self-organize into specific sizes—
magic number sizes,” Allen said. In the
October 23 issue of Physical Review Letters,
Efremov, Schiettekatte, and co-workers
show, using nanocalorimetry, that the par-
ticles appear to self-assemble into special
“magic” sizes, where each size differs
incrementally by a single complete shell of
atoms.

STEFFEN K. KALDOR

Diffraction-Free Propagation of
Rayleigh Waves Observed along
Solid Spherical Surfaces 

Vibration and surface acoustic wave
propagation in elastic spheres has been
studied extensively, especially in seismol-
ogy, where an elastic sphere is viewed as
the simplest model of the Earth. Recent
experiments have shown that the method
by which surface waves propagate along
a sphere depends on whether they arise
from a point source or a line source. In
seismology studies, where the source is
orders of magnitude smaller than the
Earth’s radius, a point source assumption

is valid, and the wave behavior is well
understood. However, researchers
Yusuke Tsukahara and Noritaka Nakaso
of Toppan Printing Company Ltd. and
Hideo Cho and Kazushi Yamanaka of the
Department of Materials Processing at
Tohoku University observed earlier this
year that as the radius of the sphere
becomes comparable in size to the source,
markedly different wave-propagation
behavior occurs that cannot be explained
by a point-source analysis, suggesting
diffraction-free propagation [Appl. Phys.
Lett., 76 (2000) p. 2797]. Now, in the
October 30 issue of Applied Physics Letters,
the researchers present a model, along
with supporting experimental evidence,
to explain this observed phenomenon.

When a point force is applied to the sur-
face of an elastic sphere at the south pole,
Rayleigh waves, in addition to bulk waves,
propagate along the surface in all direc-
tions. As the wave front crosses the equa-
tor, it converges toward the north pole and
then diverges back toward the south pole;
this process repeats indefinitely. Experi-
ments carried out with a 20-mm-diameter

sphere heated by a laser beam focused to a
small spot demonstrate this behavior.
However, experiments employing an 8-
mm-diameter sphere heated by a line
source consisting of a traveling optical
inteference pattern show surface waves
which travel within a narrow path over
the spherical surface rather than spreading
out, that is, diffraction-free propagation.

To explain this phenomenon, Tsukahara
and co-workers postulate that a line source
of finite length, located along the equator,
generates a beam of Rayleigh waves that
undergo two effects that balance, if the line
source length is appropriately chosen. The
first effect, due to the curvature of the
spherical surface, causes the Rayleigh
waves to converge toward the poles, while
the second effect, diffraction from a finite
aperture, causes the Rayleigh waves to
spread out over the surface of the sphere.
When these two effects cancel, diffraction-
free propagation of a finite beam width is
realized. 

To verify their theory, the researchers
fabricated and polished an 80-mm-diam-
eter glass ball. An ultrasonic transducer
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of 1–3 composite made of epoxy and PZT
was cut into a strip (1.5 mm long × 20
mm wide × 1.4 mm thick) and glued onto
the glass ball. Using a pulse generator
connected to the transducer to provide an
electrical pulse, a Rayleigh wave with fre-
quency ~1.1 MHz was excited. The trans-
ducer was subsequently used to monitor
the resulting wave propagation. Wave-
form measurements show that the width
of the Rayleigh wave was ~20 mm (the
width of source transducer) and support
the model of diffraction-free propagation
of the Rayleigh wave around a solid
sphere. The single transducer generated
both surface and bulk acoustic waves.
Other measurements were performed in
which a second transducer was placed
collinear with the first and excited with
opposite polarity. In these experiments,
the ratio of surface-to-bulk acoustic
waves was strongly enhanced. 

Work is under way to calculate the
beam propagation of Rayleigh waves for
further comparison with experiment.
According to Tsukahara, this phenome-
non is probably not limited to Rayleigh
waves. “We anticipate that the same
mechanism of diffraction-free propagation
will be applicable to other waves, such as
light and quantum mechanical wave func-
tions, given that the waves are confined to
the surface of a sphere with an appropri-
ate diameter-to-wavelength ratio.”

STEFFEN K. KALDOR

Abnormal Oxidation of TiSi2 in
Gate Stacks Found at 750–850°C

A team of researchers at the Hyundai
Electronics Industries Company Ltd. has
recently reported abnormal oxidation
behavior of TiSi2 sidewalls in patterned
TiSi2/polysilicon gate stacks at tempera-
tures above 800°C. The enhanced oxida-
tion of the TiSi2 film was attributed to
structural aspects, as it was not observed
in unpatterned gate stacks. This suggests
that the gate reoxidation of TiSi2/polysili-
con stacks has to be performed at temper-
atures below 750°C.

“Low-resistivity gate electrodes are
often required for device performance, as
silicon devices are scaled down. A com-
mon approach is to adopt a structure that
is composed of a low-resistivity silicide
and doped polysilicon (polycide struc-
ture),” said Dae-Gyu Park in the Novem-
ber issue of Electrochemical and Solid-State
Letters. Gate reoxidation after the pattern-
ing process is necessary to increase the
reliability of devices. While recent experi-
ments on WSi2/polysilicon gate stacks
showed oxidation of the metal instead of
the silicon at low temperatures, In-Seok
Yeo and his co-workers found that

TiSi2/polysilicon gate stacks displayed
abnormal oxidation behavior at high tem-
peratures.

A 900-Å-thick film of in situ phospho-
rus-doped polysilicon was deposited on a
50-Å-thick gate oxide, followed by depo-
sition of an 800-Å-thick film of TiSi2. A
20-s anneal at 850°C was performed in
order to obtain the desired low-resistivity
C54-TiSi2 phase as confirmed by x-ray
diffraction. The stack was patterned after
deposition of a hard oxide mask layer by
etching with Cl2 and O2 and reoxidized
in a dry atmosphere at temperatures
between 730°C and 850°C. Films treated
at 730–750°C showed no gate line defor-
mation, whereas the samples heated to
above 800°C exhibited strong swelling of
the sidewalls.

“We were surprised when we ob-
served the severe deformation of the gate
sidewalls after oxidation at 800 or 850°C,”
said Se-Aug Jang. “From the reported
oxidation behavior of other silicide/poly-
silicon structures, we expected to see
abnormal oxides at low temperatures as
well. However, the results were perfectly
opposite. It was even more interesting
that the unpatterned TiSi2/polysilicon
stacks did not show the abnormal oxida-
tion even at high temperatures at all.” 

The group carried out transmission
electron microscopy (TEM) studies to
gain a detailed understanding of the oxi-
dation process. While the films annealed
at low temperatures showed two adjacent
layers of polysilicon and TiSi2 surrounded
by a layer of SiO2 (see Figure 1a), four dif-
ferent regions were observed for the high-
temperature samples. The TiSi2 film
appeared to have shrunk considerably
and was surrounded and separated from
the polysilicon by SiO2. Furthermore,
regions of a composite were found to

extrude from the original sidewall posi-
tions (see Figure 1b). This composite,
marked “A” in Figure 1b, consisted of
nanocrystalline TiO2 in an amorphous
SiO2 matrix, which was identified from a
high-resolution TEM study.

“We believe that this phenomenon is
related to the simultaneous exposure of
TiSi2 and polysilicon to the oxidant, as we
did not observe it in unpatterned films,”
said Yeo. “We have ruled out any effects
from polysilicon film thickness as well as
etching damage, and we will conduct fur-
ther studies that will hopefully help to
clarify the mechanism.” 

CORA LIND

Si/TiN Nanocomposites Exhibit
Stable Capacities as Anode
Material for Li-Ion Batteries

Research efforts have been directed
toward the development of alternative
anode materials for Li-ion batteries to
achieve higher capacities than possible
with traditional graphite anodes. Many
projects have focused on intermetallic
compounds containing lithium because of
their high gravimetric/volumetric capaci-
ties. However, lithium alloys present
problems, due to a large volume change
during charge/discharge that results in a
cracking of the anodes and loss of capacity
during cycling. To avoid this problem,
composite microstructures of a finely dis-
persed interconnected active phase in an
inactive host structure have been
explored. In the November issue of
Electrochemical and Solid-State Letters,
researchers from Carnegie Mellon Uni-
versity (CMU) and Blomgren Consulting
Services Ltd. have reported that their com-
posites, which consist of fine Si particles in
a TiN matrix, exhibited stable capacities of
~300 mAh/g and good capacity retention. 

Figure 1. Transmission electron microscopy images of samples oxidized at (a) 750°C and (b) 850°C.
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