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regions, W was deposited on the exposed
gate, source, and drain regions. After the
formation of an initial thin W film, a SiH4
reduction reaction took place with a depo-
sition rate of ~240 nm/min. The WF6 /
SiH4 gas flow rate was kept at 40/12 and
the process temperature was 300°C.
Conventional devices without W film
deposition were also fabricated to serve as
controls. A 500 nm Al film was deposited,
patterned, and sintered at 400°C for 30 min
to form metal pads. To reduce trap densi-
ty and improve interface quality, wafers
were also immersed in a NH3 plasma.
The poly-Si gate was 10 µm in length and
3 µm in width. The oxide gate thickness
was ~30 nm. 

The researchers observed that the W-
TFTs have a larger driving current then
conventional TFTs, especially under high
gate bias. The parasitic resistance of the
W-TFTs is ~4 kΩ, which is three times
smaller than that of conventional TFTs. In
addition, the researchers found that a
NH3 plasma treatment before the deposi-
tion of W contacts achieves a better inter-

face quality and junction integrity of W-
TFTs than for NH3 plasma treatment
after deposition of the W contacts. The
researchers said this happens because the
W blocks the plasma passivation from
reaching the active regions under the
contacts in the latter case.

MAXIM NIKIFOROV

In Situ TEM Observations Reveal
Growth Mechanisms for Carbon
Nanofibers

The synthesis of carbon nanotubes and
nanofibers with specific structures and
functionality is very important for nano-
technology applications. Carbon nano-
fibers are grown from the vapor phase in
the presence of a catalyst. The atomic-
scale growth mechanisms for forming
nanofibers have not been understood
thus far. This understanding is crucial for
manufacturing carbon nanofibers with
tailored properties and characteristics.
Now, S. Helveg at the Danish company
Haldor Topsøe, F. Abild-Pedersen at the
Technical University of Denmark, and

their colleagues have used time-resolved,
high-resolution in situ transmission elec-
tron microscopy (TEM) to elucidate the
growth mechanisms of carbon nanofibers.

As the researchers reported in the
January 29 issue of Nature, carbon nano-
fibers are formed by the decomposition
of methane vapor at 500°C over a catalyst
consisting of Ni nanoclusters with diame-
ters of 5–20 nm supported on MgAl2O4.
The growth experiments were performed
in an in situ TEM, and a large number of
consecutive real-time TEM images were
obtained and stitched into a TEM movie.
The nanofibers formed through a reaction-
induced reshaping of the Ni nanocrystals
into highly elongated shapes. The reshap-
ing of the nanoclusters helped align the
graphene sheets into tubular structures
forming the nanofibers. The researchers
said that this reshaping is abrupt, oscillat-
ing between spherical and elongated, but
is critical for the formation of the fibers.
The Ni nanoparticles were found to
remain crystalline throughout the growth
process. The nucleation and growth of the

For more information, see http://advertisers.mrs.org

https://doi.org/10.1557/mrs2004.46 Published online by Cambridge University Press

https://doi.org/10.1557/mrs2004.46


For more information, see http://advertisers.mrs.org

https://doi.org/10.1557/mrs2004.46 Published online by Cambridge University Press

https://doi.org/10.1557/mrs2004.46


For more information, see http://advertisers.mrs.org
https://doi.org/10.1557/mrs2004.46 Published online by Cambridge University Press

https://doi.org/10.1557/mrs2004.46


RESEARCH/RESEARCHERS

MRS BULLETIN/MARCH 2004 143

graphene layers, which eventually form
the nanofibers, were assisted by dynamic
formation of monoatomic step ledges on
the graphene–Ni interface.

The researchers performed density
functional theory calculations to under-
stand the origins of the interfacial process
and the transport of C and Ni atoms along
the graphene–Ni interface. The surface
transport of the C atoms was shown to be
the rate-limiting step for the nanofiber
growth. The experimental results and the-
oretical calculations indicate that the step
edges on the Ni surface act as growth cen-
ters for graphene growth because C binds
more strongly to such sites. This mecha-
nism is likely to be of broad significance
for any metal-catalyzed nanofiber growth,
according to the researchers. They said
that this study reveals the first direct
glimpses of the initial stages of nanofiber
growth using nanoscale real-time growth
observations. Metallic step-edges acting as
spatio-temporal dynamic growth sites
may be important for understanding other
types of catalytic reactions and nanomate-
rial syntheses. 

GOPAL RAO

Variation of Electron Level Enables
Semiconducting-to-Metallic
Transition in Single Phenalenyl-
Based Molecules

Quantum transport properties of single-
molecule electronic devices are affected
not only by the choice of molecules but
also by the interface structures used.
K. Tagami and M. Tsukada from the Uni-
versity of Tokyo and L. Wang from
Southern Yangtze University in China
studied theoretically the conductive
properties of single boron- and nitrogen-
substituted phenalenyl molecules (C13H9)
and found that they can tune the proper-
ties of the molecules from semiconducting
to metallic depending on the type of cen-
tral atom used. The researchers reported
in the February issue of Nano Letters that
by changing the type of central atom
from carbon to nitrogen or boron, they
can dramatically alter the transport prop-
erties of the system. 

The researchers calculated the atomic
coordinates (i.e., the size) of each mole-
cule, and connected it to electrodes by
bonding a mercapto-vinyl group to the α
or β site, which is the second- and third-
nearest to the central atom site, respec-
tively. Molecules connected through β
sites demonstrate a conduction channel
that is energetically very close to the
Fermi energy of the gold electrodes. In
contrast, with the connection through the
β site, nitrogen- and carbon-containing
phenalenyl molecules become semicon-

ducting, while the boron-type displays
metallic properties. The researchers also
found that when the electrodes are con-
nected to the β sites, the conductance
through the carbon-containing phena-
lenyl molecule is spin-dependent. The
researchers said that the change in the
transport features originates from the spa-
tial distribution of the nonbonding molec-
ular orbital, which has amplitude only on
the α sites. These features do not change
when the researchers substitute the cen-
tral atom of phenalenyl with the nitrogen;
however, if they substitute it with the
boron atom, then the quantum transport
occurs through the orbitals that have
amplitude both on α and β atomic sites. 

EKATERINA A. LITVINOVA

Stationary Light Pulses Created
Achieving direct control over the prop-

agation of light is a goal that is interesting
both from a fundamental scientific stand-
point and for practical applications. If
developed, the ability to control light
pulses may lead the way to new advances
in nonlinear optics and quantum comput-
ing. Recently, a team of physicists from
Harvard University and Lebedev Institute
of Physics, Moscow, temporarily stored
light pulses as electromagnetic energy.
Previous research efforts have stored
localized light pulses as holographic
imprints, but this work improves on those
studies by actually trapping photons in an
atomic medium.

As reported in the December 11, 2003,
issue of Nature, M. Bajcsy, A.S. Zibrov,
and M.D. Lukin designed a technique for
the creation, storage, and controlled
release of stationary light pulses. The
main concept is based on the principle of
electromagnetically induced transparen-
cy (EIT), which uses one or more “con-
trol” laser beams to modify the optical
properties of a medium. The methods
described in this work employ a weak
“signal” laser beam containing the pho-
tons that will be stopped, and two control
lasers: a forward-directed (FD) beam and
a backward-directed (BD) beam. 

The experimental realization of this
idea is carried out using an optically
dense medium of Rb vapor contained in
a small cell and open to the appropriate
laser beams. The group first maps a sig-
nal pulse onto the Rb by firing a signal
pulse at the Rb gas as it is illuminated by
the FD control beam, similar to previous
EIT experiments. Turning off the FD
beam stores the signal on the Rb atoms,
and subsequently turning on either of the
control beams converts the stored excita-
tion back into light, propagating in the
direction of the applied beam. The
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