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K. Ishibashi, D. Tsuya, M. Suzuki, andY. Aoyagi, “Fabrication of single electron inverter in
multiwall carbon nanotubes”, Appl. Phys. Lett., 82 (19 3307-3309 (2003), selected for the
May 19, 2003 issue of the Virtual Joumal of Nanoscale Science & Technology

Single electron inverter based on the Coubmb biockade effects has been fabricated in
multi-wall carbon nanotubes, by using the Ar irradiation method for the tunnel barrier
formation i the quantum dots. The device characteristics were measured at 2.6K, and the
indication of the inverter-like transfer characteristics has been obtained. The performance
of the device was not completely satistactory for the inverter operation in terms of the
voltage gain and the voltage swing, but the present technique turnsout to be usefil for the

fabricaton of the single electron logic devicesin carbon nanotubes.

S. Moriyama, T. Fuse, M. Suzuki, Y. Aoyagi, K. Ishibashi , “‘Four-ekctron shell structures
and an interacting two-electron system in carbon nanotube quantum dots”, Phys. Rev. Lett.
94, 186806(1-4) (2005). selected for the May 23, 2005 issue of Virtual Journal of Nanoscale
Science and Technology

Low-temperature transport measurements on the closed singlewall carbon nanotube
quantum dots have been carried in magnetic field up to 8 Tesla. The four-electwon shell
filling has been observed, and the magnetic ewvolution of each Coulomb peak was
investigated, m which the magnetic field induced snglet-triplet transition was observed.

Excitation spectroscopy measurements have revealed the Zeeman splitting of single



particle states r one electron m the shell, and singlet and triplet states with a direct
observation of the exchange splitting at zero-magnetic field for two electrons in the shell,
the simplest example of the Hund’s rule. The effects are discussed m terms of various

energy scales associated with the dot.

T Fuse, Y. Kawano, T Yamaguchi, Y. Aoyagi, K. Ishibashi, “Quantum response of carbon
nanotube quantum dots to terahertz wave irradiation”, Nanotechnobgy 18, 044001 (2007),
selected as a featured article in Nanotechnology, and is selected as one of the most highly
downloaded articles in 2007

Singleelectron transport measurements have been carred out at 1.6K on single-wall
carbon nanotube (SWCNT) quantum-dots (QIk) under terahertz (IHz) irradiation with a
frequency of 2.5THz. The most important finding in this study was new side-peaks that
appearedonly under the THz irradiation. From the detailed analysis with energy scales
associated with the @D, we conclide that the side-peaks orpinate from the photon assisted
tunneling (PAT) of an ebctron i the QD to the drain electrode. The present THz PAT is the
first observation m Qs because of the larger energy scales in the SWCNTQD, compared

with those of standard semiconductor QDs.
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A. Shklyaev, S-P. Cho, Y. Nakamura, N. Tanaka and M. Ichikawa, “Influence of growth and anealing
conditions on photoluminescence of Ge/Si layers grown on oxidized Si surfaces”, Journal of Physics:
Condensed Matter 19, 136004-1~8 (2007).

Ge/Si structures with a layer of Ge islands grown on oxidized Si surfaces and covered with Si were
recently found to exhibit intense photoluminescence (PL) in the D1 region (~0.8 eV) dfter annealing at
high temperatures. We show that this PL is a propenty of the Ge/Si structures grown at low temperatures
from about 400 to 500 °C at which crystal defects are introduced through the coalescence of strained
three-dimensional islands. PL features are found to be independent of Ge thickness over a wile range
from 0.7 to 3 nm. Amonotonic increase in PL with amealing temperature is observed up to 1000 °C, but

PL completely vanishes after annealing at higher tenperatures. The transmission electron microscopy
data showthe presence of dense arrays of cwstal defects in the Si layer capping the layer of Ge islands.

Y. Nakamura, A. Masada and M. Ichikawa, “Quantum-confinement effect in individual Ge;x Sng
quantum dots on Si(111) substrates covered with ultrathin SiO, films wsing scanning tunneling
spectroscopy”, Applied Physics Letters 91, 013109-1~3 (2007).

The authors observed a quantum-confinanent efect in individual Ge;-,Sny quantum dots (ODs) on
Si(111) substrates covered with ultrathin SiO, films using scanning tunnelng spectroscopy at room
tanperature. The quantum-confinement effect was featured by an increase in he energy band gap of 1.5
eV with adecrease in QD diameter from 35 to 4 nm. The peaks for quantum levels of QDs became
broader with a decrease in the height-diameter aspect wmtio of QDs, denonstrating the gradual
emergence of two dimensionality in density of states of quasi zew-dimensional QDs with the QD
flattening.

N. Naruse Y. Mera, Y. Fukwzawa, Y. Nakamura, M. Ichikawa and K. Maeda, “Fourier transform
photo-absarption pectroswpy based on scanning tunneling microscopy”, Journal of Applied Physics
102, 114301-1~6 2007).

A scheme of photoabsorption spectroscopy (PAS) based on scaming tumneling microscopy (STM)
applicable to semiconductors has been devised to circumvent experimentl difficulties inherent in
STM-PAS measuranents so far conducted in the conventional lock-in detection scheme. The present

scheme uses multiplexed lights from an iterferometer for spectroscopic lights and the modulated
current flowing through the STM tip for the signal fiom whidh the photoabsoption spectrum isdeduced

by Fourier transformation. The technique under an optimized condition has been applied to Si samples

deposited with epitaxially grown Ge ;_Sn, nanodots, whidh proved the spatial revlution of a few
nanometers.
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Yanqing Tian, Kazuhito Watanabe, Xiangxing Kong, Jiro Abe, and Tomokazu Iyoda
“Synthesis, Nanostructures, and Functionality of Amphiphilic Liquid Crystalline Block
Copolymers with Azobenzene Moieties” Macromolecules, 35, 3739-3747 (2002)

A series of liquid crystalline (LCO homopolymers of
polyl11-[4-(4-butylphenylazo)phenoxy/-undecyl =~ methacrylate}  containing  an
azobenzene mesogen with different degrees of polymerization were synthesized by
using the atom transfer radical polymerization (ATRP) method The homopolymers
were prepared with a range of number-average molecular weights from 6100 to 23 500
with narrow polydispersities of less than 1.17. Thermal investigation showed that the
homopolymers exhibit monokyer smectic A, smectic C, and an unknown smectic X



phases. The transition temperatures Iincrease slightly with the Iincrease of the
molecular weights and level off at around 21 500. Novel amphiphilic LC-coil diblock
copolymers with a defined length of a flexible poly(ethylene glycol) segment as the
hydrophilic coil were also prepared by the ATRP method. The ILC-oil diblock
copolymers exhibit narrow polydispersities of less than 1.11. Morphologies of the thin
films of the block copolymers were investigated by using transmission electron
microscopy (TEM). Microphase separation with small size in the range of 1020 nm
(nanoseparated structures) was observed. Different photophysical and photochemical
behaviors were observed between annealed homopolymer and block copolymer films,
which 1s thought to be caused by the formation of nanostructures of the block
copolymers.

Shigeru Watanabe, Ryutamo Fujiwara, Masanori Hada, Yuka Okazdki, and Tomokazu Iyoda
“Site-Specific Recognition of Nanophase-Separated Surfaces of Amphiphilic Block Copolymers by
Hydrophilic and Hydrophobic Gold Nanoparticles’ Angew Chem.Int. Ed., 46, 1120-1123(2007)
Site-specific recognition of the nanophase-separated surface of a PEO,-b-PMA(Az), film
(PEO=polyethylae oxide, PMA(Az)=polymethacrylate with azobenzene-based liquid-crystalline

side-chain) by hydrophilic and hydrophobic gold nanoparticles (Au NPs) was studied. The
hydrophilic and hydrophobic Au NPs were found to selectively assemble on the hydrophilic PEO

and hydrophobic PMA(Az) domains, respectively.

MotonoriKomura and Tomokazu Iyoda
“AFM Cross-Sectional Imaging of Perpendicularly Oriented Nanocylinder Structures of

Microphase-Separated Block Copolymer Films by Crygal-like Cleavage” Macromolecules, 40,
4106-4108 (2007)

Perpendicularly oriented and hexagonally arranged nanocylinder structures with a high aspect

ratio of several hundreds were visualized in amphiphilic liquid crystalline block copolymer
(PEO-b-PMA(Az) films by atomic force microscope (AFM) cross sectional imaging technique

under ambient atmosphere. Direct observation ofa (100) plane and its layer and terrace structures
in the cross sections was achieved due to crystal-like cleavability of the highly ordered structure

films.
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Shigeki Kawai, Shin-ichi Kitamura, Dai Kobayashi, Sakae Meguro, Hideki Kawaka su

“An ultrasmall amplitude operation of dynamic force microscopy with second flexural mode”
APPLIEDPHYSICS LETTERS 86, 193107 (2005)

Selective detection of short-range interaction forces was carried out with the second flexural
mode of a commercially available dynamic mode cantilever. A higher mode has a higher spring
constant and a lower mechanial quality factor, which are suitable for the small amplitude
operation in dymamic force microscopy. With 0.70 A amplitude of the second flexural mode,
atomically resolved constant frequency shift images of the Si (111) 7 x 7 reconstructed surface
were obtained. The ultrasnall amplitude operation enabled imaging with high stability, due to the
detection of the interaction force gradients at relatively long distances from the sample surface, and
is an effective way to observe reactive surfaces while avoiding modifications and damaging of the
tip and the sample.

Shigeki Kawai, Shin-ichi Kitamura, Dai Kobayashi, Sakae Meguro, Hideki Kawaka su



“An ultrasmall amplitude operation of dynamic force microscopy with second flexural mode”
APPLIEDPHYSICS LETTERS 86, 193107 (2005)

Selective detection of short-range interaction forces was carried out with the second flexural
mode of a commercially available dynamic mode cantilever. A higher mode has a higher spring

constant and a lower mechanial quality factor, which are suitable for the small amplitude
operation in dynamic force microscopy. With 0.70 A amplitude of the second flexural mode,

atomically resolval constant frequency shift images oftheSi (111) 7 x 7 reconstructed surfice were
obtained. The ultrasmall amplitude operation enabled imaging with high stability, due to the
detection of the interaction force gradients at relatively long distances from the sample surface, and

is an effective way to observe reactive surfaces while avoiding modifications and damaging of the
tip and the sample.

Shigeki Kawaia, Dai Kobayashi, Shin-ichi Kitamura, Sakae Meguro, Hideki Kawakatsu
“An ultrahigh vacuum dymamic force microscope for highresonance frequency cantilevers”
REVIEW OF SCIENTIFIC INSTRUMENT S 76, 083703  (2005)

We present the design of an ultrahigh vacuum dynamic force micioscope incorporating a
heterodyneDoppler interferometer and a upevheterodyne circuit with an intermediate frequency of
10.7 MHz The method allowed the use of a low-noise narrow-band analog phase-locked loop with
a voltage controlled crystal oscillator for demodulating the frequency shifts caused by the
interaction force gradients between the tip and thesampleat the interm ediate frequency. The system
could be used fora conventional cantilever operating in its fundamental and higher modes, as well
as for small or stiff cantilevers with high resonance frequency up to 100 MHz. A preliminary
measurement was demonstrated by the observation of the Sil] 11100 — 7 [0 7 reconstructed surface

with the second resonanceof 1.6 MHz with subangstrom amplitudes.
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H. Kinoshita, T. Haga, K. Hamamoto, S. Takada, N. Kazui, S. Kakunai, H. Tsubakino,
T. Shoki M. Endo, T. Watanabe
“Actinic mask metrology for extreme ultraviokt lithography”
J. Vac. Sci. Technol.B 22(1), Jan/Feb 2004 264

A new actink mask inspection system has been developed, and simulations were
carried out on its imaging performance. Preliminary experiments using the extreme
ultraviolet (EUV) microscope developed at NTT have shown that it can resolve 250-
and 350-nm-wide lines(on a mask). Furthermore, the type of absarber material used in
a mask was found to have some effect on the contrast of mask images taken by EUVM.
Our results demonstrate that an at-wavelength microscope 1s a powerul and usefill
tool for evaluating mask fabrication processes for EUVL.



Hiroo KINOSHITA, Kazuhiro HAMAMOTO, Nobuyuki SAKAYA,
Morio HOSOYA, and Takeo WATANABE
“Aerial Image Mask Inspection System For Extreme Ultraviolet Lithography”
Japanese Journal of Applied Physics Vol. 46, No. 9B, 2007, pp. 6113-6117

We constructed an extreme ultraviolet microscopy(EUVM)system for actinic mask
Inspection that consists of Schwarzschild optics and an X-ray zooming tube. Using this
system, a finished extreme ultraviolet kthography(EUVL)mask and Mo/Si glass
substrates were mspected. An FUVM image of a 100-nm -width pattern on a 6025 glass
mask was clealy observed. The resolution was estimated to be 50 nm or less fiom this
pattern. The programmed phase defect on the glass substrate was also used for
Inspection. By using the FUV microscope, a programmed phase defect with width of
90,100, and 110nm, a bump of 5 nm and a length of 400 «m was observed finely. The
programmed phase defect of a 100-nm-wide and 2-nm-deep pit was also observed. Thus,
In this research, the observaton of a programmed phase defect was advanced using the
EUV microscope, which succeeded in obserweing a topological defect structure image of
a multilayer film. These results shows that it is possible to detect the mternal
reflectance distribution of a multibyer film under the EUV microscope, without
depending on surface pertubation.

K.Hamamoto, Y.Tanaka, TWatanabe, N.Sakaya, M.Hosoya, T. Shoki, H.Hada,
N.Hishinuma and H. Sugahara, H.Kinoshita
“Cleaningof extreme ultraviolet litho grap hy optics and masks using 13.5 nm and 172 nm
radiation” J. Vac. Sci. Technol.B 23(1), Jan/Feb 2005 247

Under extreme ultraviolet (EUV) exposure, the surfaces of the imaging optics and mask,
which are coated with a Mo/Si multiplayer, become contaminated with organic compounds.
Thus, an efficient method of removing carbon contaminated from masks and the imaging
optics is required. Then, we propose two methods as a removal method of contamination:
one is in situ cleaning method without heating a sample by syncrotron radiation irradiation
that is mainly targeted at the imaging optics, and another is cleaning method without
heating a sample using by 172 nm light radiation that is targeted at an EUV lithography
finished mask. For in situ cleaning so called onlile cleaning, the contamination removal
rate is 0.24 nm/min in the condition of O,-rich-vacuum enviroment at a pressure of 5.0 X
107 Pa and an electron beam current of 130 mA of 1.0 GeV électron strage ring. For
offline cleaning using 172 nm light, the contamination removal rate is 2 nm/miin in the
O;-rich-vacuum environment at the pressure of 2 X 10 ? Pa. Both two methods restore the
reflectivity of a Mo/Si multilayer to its original level without causing any surface damage.
The effectiveness of both in situ and offlin e contamination removal are confirmed.
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H. Matsuda, H. Daimon, M. Kato, M. Kudo,
“Approach for simultaneous measurement of two—dimensional angular distribution of charged particles:
Spherical aberration correction using an ellipsoidal mesh”, Phys. Rev. E 71, 066503-1-8, June (2005)
An approach for simultaneous measurement for two dimensional angular distribution of charged
particles is proposed. Ths concerns spherical aberration correction in electrostatic lenses with
potential use of a mesh. In an earlier work, an effective use dof spherical mesh has succeeded to obtain a
large acceptance angle limited to around &0° (£30° ). The present work is aimed at dramatically
Increasing acceptance angles limited in conventional lenses. For this purpose, spherical aberration
behavior of mesh lenses is studied in detail using an analytical approximation and ray tracing, with
particular attention paid to the effect of the mesh shape. It is shown here that the lens ability to correct
aberration over wide aperture angles can be effectively enhanced by the ellipsoidal deformation of a
spherical mesh. We demaonstrate that an effective use of an ellipsoidal mesh provides remarkable
performance characteristics for electrostatic lenses, which opens new possibilities in surface and
matenal analyss technique. Simple examples of ellpsoidal mesh lenses are presented that dlow very

wide acceptance angles ofup to 120° .

H. Daimon, H. Matsuda, L. Toth, F. Matsu
“Stereo—PEEM for three—dimensional atomic and electronic structures of microscopic materials”
Surface Science, 601, 20, 4748-4758, October (2007).

The principle and design of a new photoemission electron (PEEM) which is called Stereo—FEEM, is
described here. Stereo—PEEM can display not only the image of microscopic materials but also the
angular distribution of high-energy photoelectrons up to about +60° , which is about 100+old the
acceptance for high—-energy photcelectrons enables the three—dimensional (3D) dsplay of atomic
structure as well as the 3D electronic structure of individual micramatenals. The 3D atomic structure
of a sample can be observed directly by taking stereqphotographs using photons with angular

momentum.



Y. Kato, F. Matsui, T. Shimizu, T. Matsushita , F. Z. Guo, T. Tsuno, H. Daimon,
“Dopant—ste effect in superconducting diamond (111) studied by atomic stereo—photography”
Appl. Phys. Lett. 91, 251914 (2007).

We studied the cause of high T~ of superconducting boron-doped damond(111) when compared with
that of (W1) even at the same baron concentration. The atomic stereophotograph revealed that a
disproportionate boron concentration is located at one of the two sites in (111). The distinction of the
dopant site exists only in (111) surface and does not exist in (001) surface. Furthermore, there is a
theoreticd prediction of high density of state at Femni level in ordered dopant diamonds. Therefore,
this configuration should be the origin of the higher Ty of (111) as compared with that of (001).
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R. Kometani, R. Funabiki, T. Hoshino, K. Kanda, Y. Haruyama, T. Kaito, J. Fujita, Y. Ochiai, and S
Matsui, “Cell wall cutting tool and nano-net fabrication by FIB-CVD for subcelluler operaions and
analysis’, Microelectronic Engineering 83, pp.1642-1645, 2006.

Our group wants to achieve subcellular manipulations and analysis in nano—space. Highly fiinctional
bio nano-tools are requred to achieve this. Thus, it is necessary to make these tools
three—dimensional nano-structure devices with focused-ion—beam chemical-vapor—deposition
(HB-CVD) to ootimize ther performance. FIB-CVD is a key technology for fabricating
three—dimensional structures. Two kinds of bio nano—tools were developed for subcellular
manipulations and analysis. The first was a cell wall cutting tool (CWCT) to selectively cut cdl walls in
local areas. That is, cell walls could be removed without damaging subcellular organelles with CWCT.
We succeeded in doing this. We also fabricated a filtering tool with a nano—net structure on a glass
capillary to capture subcellular arganelles. We conducted a successfil experiment on capturing

chloroplasts in a cell with the filterng tool.

T. Ichihadi, J. Fujita, M. Ishida, and Y. Ochiai, “In situ Observation of Carbon-Nanopillar Tubulization
Caused by Liquidlike ron Particles’, Phys. Rev. Let. 92, pp.25702-1-257024,2004

The wbhulization process of amowphous carbon nanopillars was observal in situ by transmission
electron microscapy. Amorphous carbon nanopillrs were transpmmed into graphitic tubules by
annealing at 650-900 C in the presence of iron nanoparticles. A molten catalyst nanoparticle
penetrated an amorphous axrbon nanopillar, dissolving it, and leaving a graphite track behind. An iron
nanoparticle moved with its shape changing like an earthworm. Weé concluded that the tubulization
mechanism is a solid-(quasiliquid)-solid mechanism where the carbon phase transformation is a kind of

liquid p hase grapitization of amorphous cawon catalyzed by liquefiedm etal-carbon alloy nangparticles.

T. Hoshino, K. Watanabe, R Kometani, T. Morita, K. Kanda, Y. Haruyama, T Kaito, J. Fujita, M. Ishida,



Y.Ochiai and S. Matsui, “Development of Three-Dimentional Pattern-Generaing sysem for
Focused-Ion-beam Chemical Vapor Deposition™, J. Vac. Sci.Technol.,B21,pp.2732-2736, 2003

We studied the fabrication of free—designed three—dimensional (30) structures by using
focused-ion—beam chemical-vapor deposition. The 3D structures are fabricated by scanning 30 kel
Ga' ion-beam-assisted deposition ina 1.X 107 Pa phenanthrene atmosphere.  The scanning pattern
and blanking signal of the ion beam are generated by a 3D computer-aided-designed model using a
computer pattern—generating system. This 3D pattern—generating system is able to fabricate overhang
and hollow structires by setting sutable parameters ( for example, plot pitch dwell tme, time interval
of a 3D pattern—generating system by fahricating a 1:100 000 00 scale model of the Enterprise

spaceship, a micraring, a moth’s evelike structure, and a morpho butterfly like structure with 200 nm

spacing.
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D. Takagi, H. Hibino, S. Suzuki, Y. Kobayashi, and Y. Homma
“Carbon nanotube growth from semiconductor nanoparticles’
Nano Lett. 7, 2272-2275 (2007)

Nanoscale metal catalysts have been indispensable for carbon nanotube (ONT) synthesis by chemicd
vapor deposition (CVD). We show that even semiconductar nanoparicles of SiC, Ge, and Si produce
single—walled and double—walled CNTs in CVD with ethanol. This implies that nanosize structures
might act as a template far the formation of CNT caps composed of five— and six-membered rings.
FProviding a template for cap formation is the essential role of the catalysts.

D. Takagi, Y. Homma, H. Hibino, S. Suzuki, and Y. Kobayashi
“Single-walled carbon nanotube growth from highly activated metal nanoparticles”
Nano Lett. 6, 2642-2645 (2006)

We demonstrate that any metal, even gold, silver, and copper, can act as a catalyst for SWCNT
synthesisin chemical vapar deposition (CVD). Metal nanoparticles 3nm or less in diameter, introduced
into CVD ambience immedately afer heat treatment at 800-950 °C'in air, produce SWCNTs. The
activation methodis effective for copper and various noble metals as well as for iron-amily elenents
This implies that any metal particle may produce SWCNTs when its size becomes 1-3 nm. In other
words, carbon atamns can form SWCNTs in a selfrassembling fashion on ranoparticles without the



specific finctions of iron—family elements.
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