
Research on Self-Assembled Monolayer Field-Effect Transistors
Concludes Previous Reports are Implausible

Last year, much of J.H. Schön’s innovative work at Lucent on field-effect transis-
tors made from self-assembled dithiol monolayers was judged to be fraudulent by
an independent review committee. However, questions remained within the molec-
ular electronics community as to which, if any, of the results of Schön’s discredited
research could be achieved. Recently, a group of researchers from IBM T.J. Watson
Research Center have investigated Schön’s system to elucidate the limitations and
the key requirements necessary to fabricate molecular devices. While the researchers
were unable to reproduce Schön’s results, they identified some of the design rules
necessary to fabricate molecular devices, which include the high purity of molecules
for self-assembly and a thorough characterization of the surfaces at each step of the
fabrication on both molecular and device-area levels. The researchers also deter-
mined that the molecular-device structure must be characterized both structurally
and electrically. In addition, the research team explained that tunneling places a
lower limit on channel length, and therefore molecular length, to ~3 nm. In addition,
electrostatics requires gate dielectrics with thicknesses of less than 2/3 the molecular
length, although they are also subject to tunneling limitations.

As reported in the February issue of Nano Letters, C.R. Kagan and co-workers cre-
ated prototypes of the devices having the structure of field-effect transistors
(“trench” and planar Si structures) with self-assembled monolayers of 1,1’-biphenyl-
4,4’-dithiol instead of an inorganic semiconductor. The prototypes were studied in
detail after each step of preparation. The geometry of the devices on Si wafers was
fabricated using lithography, reactive-ion etching, and anisotropic wet etching tech-
niques. After this, a uniform film of gate dielectric was formed. Source and drain
electrodes were prepared by collimated evaporation of Au and Ti on the gate dielec-
tric. Self-assembled monolayers of dithiols formed on the source electrodes were
characterized by local imaging probes such as scanning tunneling and atomic force
microscopies as well as large area characterization by, for example, contact angle
measurements and ellipsometry. 

The researchers found that biphenylmonothiol and biphenyldithiol form disor-
dered layers with, at best, small (~10 Å) ordered regions, and that molecules such as
alkanethiols assemble to form ordered domains separated by disordered bound-
aries. The devices made of the well-washed monolayers of 1,1’-biphenyl-4,4’-dithiol
formed electrical shorts, contrary to the characteristics reported by Schön, but con-
sistent with the expected physics for these disordered, short molecule assemblies. 

In efforts to uncover the origin of the I–V characteristics reported by Schön, the
IBM research team formed molecular multilayers with longer channel lengths. The
researchers, however, did not observe significant gate field effect; furthermore,
they found that obtaining significant field effect and turning the device off are fun-
damentally impossible. Despite the evidence of recent misconduct, though, the
research team said that “there is no scientific reason to lose faith in the tremendous
promise of this field.”

An exploration of  Schön’s work was also carried out by a research team in The
Netherlands; see the MRS website at www.mrs.org/gateway/matl—news.html.
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tories in New Jersey have developed a
microstructured optical fiber (MOF) whose
wavelength-dependent attenuation can be
modified by a long-period grating, com-
posed of an alternating air/liquid refrac-
tive index, in the cladding. 

As described in the March 3 issue of
Applied Physics Letters, C. Kerbage and
B. Eggleton, who is now director of the
photonics research center called CUDOS
at the University of Sydney in Australia,
have developed a method of alternately
drawing fluid (in this study, trifluoro-
toluene) and air into the holes of the
MOF. This is achieved by repeatedly dip-
ping a cleaved fiber in a liquid reservoir

while subjected to a vacuum on the other
end of the fiber. When the fiber is sub-
merged, it draws in liquid, and when it is
not submerged, it draws in air. In order
to produce attenuation in the 1550-nm
communications window, a duty cycle
of 125 Hz was used, corresponding to a
grating period of 460 µm. While the
microfluidic plugs are in the cladding of
the fiber and should not strongly inter-
act with the light propagating down the
8-µm-diameter germanium-doped core,
the fiber has been tapered to extend the
single-mode field into the cladding. The
higher-order modes in the cladding then
interact with the periodic refractive-index
mismatch, causing high losses at a deter-
mined wavelength. As the fiber tapers
back to its original diameter and into the
single-mode fiber, the higher order
modes are attenuated while the funda-
mental mode continues to propagate.

While the use of long-period gratings is
not a new technology in fiber optics, such
gratings have lacked the degree of tun-
ability of the MOF with microfluidic
plugs. With both ends of the fiber coupled
to a single-mode fiber, the ends of the
MOF fiber can be heated, creating an
expansion of the air in the ends of the
fiber. The air between the microfluidic
plugs is compressed, changing the period
of the grating. The fiber then exhibits
wavelength tunability. According to the
researchers, this type of fiber holds
promise for devices in optical communi-
cation and fiber sensing.

JEFFREY R. DIMAIO

X-Rays Generated Using Graphite
Nanofiber Cold Cathode with
Copper Anode

X-ray imaging has numerous technolog-
ical and medical uses. To produce x-rays,
typically a heated cathode emits electrons
by thermionic emission (TE); the electrons
then accelerate through a high potential
difference before they bombard a metal
target anode. The hot-cathode method
has several drawbacks, such as the short
lifetime of the hot cathode as it reacts
with residual gases and the low efficiency
of the TE process. In the March 10 issue
of Applied Physics Letters, researchers
report the creation of a point x-ray source
using a graphite nanofiber (GNF) cold
cathode and a conical copper anode,
yielding a high-resolution x-ray radiogra-
phy system and thus eliminating the
need for a cooling system required for
hot-cathode sources. 

The GNFs were grown on a hot steel
plate by thermal chemical vapor deposi-
tion from CO and hydrogen. From their
analysis of the diffraction pattern observed
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2PP of ORMOCERs will be used for the
low-cost fabrication of artificial micro-
structured and nanostructured compo-
nents for different applications in optics,
medicine, and biology.

STEVEN TROHALAKI

Microfluidic Plugs Produce 
Long-Period Gratings in
Microstructured Optical Fiber

With the development of wavelength-
division multiplexing, bandwidth has been
significantly increased over the past few
years, but for continued advancement,
dynamic filters and attenuators need to be
developed. Researchers at OFS Labora-

https://doi.org/10.1557/mrs2003.72 Published online by Cambridge University Press

https://doi.org/10.1557/mrs2003.72


RESEARCH/RESEARCHERS

with transmission electron microscopy, the
researchers conclude that the GNF cathode
consisted of large numbers of fibers that
were about 50 nm in diameter but were
not carbon nanotubes. Electrons were
drawn from the cold GNF cathode
through field emission; that is, a strong
electric field between the GNF cathode and
the Cu anode pulled the electrons off. The
researchers, T. Matsumoto of Stanley
Electric Corp. in Yokohama, Japan, and
H. Mimura of Tohoku University in
Sendai, Japan, chose a simple diode con-
figuration (instead of the usual triode),
not only for its superior x-ray generation
efficiency but also for its potential advan-
tages in size and cost. To assure that the
x-rays would emerge from a point, they
restricted the electron bombardment
region of the Cu anode by coating all but
about 10 µm of the sharpened metal tip
with an insulating silicate.

Mastumoto and Mimura investigated
the current–voltage characteristics of the
efficient GNF cathode and also spectrally
characterized the point source’s x-ray out-
put using a Ge detector and a multichan-
nel analyzer. Next, they imaged a tung-
sten mesh and a Pb x-ray test chart in the
transmission geometry, where the test
object is between the x-ray source and the
detector (a charge-coupled device camera
with a NaI scintillator). The system
achieved a high resolution, roughly 10 µm,
with an image acquisition time of 10 s
using  a charge-coupled device. 

“There is great interest in building a
practical, efficient, high-current-densi-
ty x-ray device,” said Matsumoto,
“and we’ve now developed a simple
x-ray radiography system. Since the
efficient field-emission process elimi-
nates the usual bulky water-cooling
system, this makes possible a portable,
compact x-ray system.”

RICHARD LOUIE

Incorporation of Particle Size
Distribution Simplifies Modeling of
SiCN Powder Oxidation Kinetics

The oxidation kinetics of polymer-
derived ceramic materials is often studied
using powdered samples because of the
difficulty in obtaining dense specimens.
The change in sample mass is measured as
a function of time, and the data is fitted to
a parabolic oxidation model. To simplify
data analysis, the powder sample is
treated as an assembly of perfectly
spherical particles with identical radii.
The monosize model results in signifi-
cant errors in the value of the rate con-
stant obtained from the measurement.
Recently, R. Raj, A. Saha, and S. Shah of

the Department of Mechanical Engineer-
ing at the University of Colorado, Boulder,
have developed a model that accounts for
the particle size distribution in the powder.
Application of this statistical model to the
time-dependent oxidation of silicon car-
bonitride (SiCN) yielded a much more
accurate value of the rate constant than
that provided by the monosize model.
According to Raj, “This improved data
analysis technique gives much greater
credibility to the simple experimental
approach of using powders to study mate-
rial oxidation rates.”

As described in the February issue of the
Journal of the American Ceramic Society, the
researchers prepared SiCN powder by
cross-linking and pyrolyzing Ceraset-SN, a
commercially available precursor. The
final product was crushed into powder
and imaged using scanning electron
microscopy. Size measurements from the
micrographs were used to generate a his-
togram of radius values and an average
radius value. The SiCN was oxidized in air
at 1350°C for 150 h, with the mass of the
sample recorded periodically throughout
the process. The monosize and statistical
models were then fitted to this data.

Data analysis with the monosize

model yielded two limiting values for the
oxidation rate constant because one rate
constant was needed to fit the data for
short-term oxidation kinetics and the
other for long-term oxidation. In this
study, this parabolic rate constant kp was
found to lie in the range 19.7 × 10-18 m2/s <
kp < 2.7 × 10-18 m2/s. The statistical analy-
sis, on the other hand, resulted in a theo-
retical curve that fit the entire time span
of the data, using only one value of the
rate constant 4.5 × 10-18 m2/s in this
study, which greatly improved the accura-
cy of rate constant determination. 

Raj is currently developing a statistical
model that will account for the distribu-
tion in the particle shape as well as size.
Current models assume a spherical parti-
cle shape.

GREG KHITROV

Emitting Amorphous 
Molecular Materials for
Electroluminescence Designed

Recently, amorphous molecular materi-
als have received a great deal of attention
as a new class of functional organic mate-
rials because of their isotropic properties,
due to the absence of grain boundaries,
and ease of uniform film formation. In the

MRS BULLETIN/APRIL 2003 257

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

https://doi.org/10.1557/mrs2003.72 Published online by Cambridge University Press

https://doi.org/10.1557/mrs2003.72



