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Fig. Development of the state-of-the art technologies for in-depth
characterization of nanomaterials.

The Advanced Nano Characteri-
zation Center (ANCC) was launched
as a research center in NIMS' Key
Nanotechnologies field. The following
five research groups have been estab-
lished in the ANCC to conduct re-
search and development on advanced

characterization infrastructure technol-
ogies for multi-dimensional evaluation
of the structures,
physical properties,
and functions of a
diverse range of
substances and ma-
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terials in which structures are control-
led at the nano scale.
(1) Advanced Scanning Probe Micro-
scopy Group
(2) Advanced Surface Chemical Analy-
sis Group
(3) Ultrafast Spectroscopy Group
(4) Advanced Electron Microscopy
Group
(5) High Field NMR Group (Nuclear
Magnetic Resonance Spectroscopy)
The ANCC is responsible for the
project "Development of Advanced
Nanocharacterization Infrastructure
Technologies for Nanomaterials Re-
search" during the period of NIMS'
2nd Mid-Term Program (FY2006-
2010). By realizing an even higher lev-
el of core competence technologies for
material characterization and evalua-
tion at NIMS, we aim to establish
high-level characterization and evalua-
tion technologies for advanced sub-
stances and materials, ranging from
surface atomic structures to the nano-
structures of the sub-surface layer/in-
ternal structure of solids.
< Continued on p.2
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Aiming at Nanoprobe
Technology for Creation

Daisuke Fujita, Akiko Itakura

Keiko Onishi, Keisuke Sagisaka
Advanced Scanning Probe Microscopy Group
Advanced Nano Characterization Center

of Advanced Materials
and Search for Functions
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Fig. 1 Advanced nanoprobe technologies
integrated with diverse physical
field manipulations for creation of
nanomaterials and search for new
functions.

One key task for NIMS is research
and development of advanced substances
and materials. In order to create novel mate-
rials with nanoscale structures and search
for new functions originating in physical
properties in the nano region, the establish-
ment of nanocharacterization technologies
different from the conventional concepts is
demanded. From this viewpoint, we are pro-
moting the development of nanoprobe char-
acterization technologies integrated with
manipulation of diverse physical fields.
Concretely, we are developing and apply-
ing "active nanocharacterization technolo-
gies" such as nanoanalysis integrated with
nanofabrication technologies, nanostructur-
al control by external field response, the
search for new functions in extreme envi-
ronments where quantum effects appear,
etc.

As shown in Fig. 1, our aim is to de-
velop technologies which realize multi-di-
mensional nanocharacterization with atom-
ic resolution while realizing ultra-low
temperature fields, high magnetic fields, ul-

tra-high vacuum fields, stress fields, and
similar conditions as manipulations of ex-
treme fields in a nanocharacterization
space. For example, in an ultra-low temper-
ature field, manifestation of quantum ef-
fects such as electron wave interference
and the single electron effect becomes re-
markable, but when this field is combined
with an ultra-high vacuum field, high accu-
racy characterization of energy states and
manipulation of single atoms become possi-
ble. With further addition of a high magnet-
ic field, quantization of electronic states
and control of superconducting states also
become possible. At present, we are in-
volved in the development of high resolu-
tion nanoprobes combining 3 extreme-field
manipulations. Using this kind of advanced
nanoprobe technique, we recently realized
confinement of 1-dimensional electron
waves at the atomic scale by transferring
atoms to arbitrary positions on a silicon sur-
face, and succeeded in imaging the quan-
tized state density at each energy level (Fig.
2). It can be understood that the number of
maximum peaks increases one at a time,
corresponding to the quantization state.

On the other hand, stress fields, varia-
ble temperature fields, and the like are
closely related to the fabrication of nanoma-
terials, and integration with nanocharacteri-
zation is useful in elucidating this mecha-
nism. For example, by applying a stress-
strain field, it is possible to control the sur-
face nanostructures and other phenomena
(Fig. 3). In a variable temperature field,
nanofabrication utilizing surface precipita-
tion becomes possible and, for example,
elucidation of the mechanism by which
low-dimensional nanocarbon is created can

: Yo
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Fig. 2 (a) Schematic diagram of point
contact transfer of probe-tip atom
(tungsten) to silicon surface, and
(b) imaging of the 1-dimensional
state of electron waves confined be-
tween atomic dots transferred on-
to a single dimer row on the Si
(100) surface.

be expected.

Based on these achievements, we
hope to accelerate the development of char-
acterization technologies which contribute
to the creation of advanced nanomaterials
by developing an original nanoprobe sys-
tem, and promote the standardization and
popularization of these technologies.
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Fig. 8 (a) Schematic diagram of stress-
field nanoprobe with dual probe-
tips, and (b) photo while tensile
stress is applied to Si(100) speci-
men.

For more details: http://www.nims.go.jp/nanophys6/eindex.htm
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Aiming at Advanced Nanocharacterization

Technology for Materials Research

In particular, in order to
clarify the nanoscale structure
and novel functions possessed by
new substances/new materials,
these respective groups are pro-
moting the development of nano-
characterization technologies in-

Vimes wow \lol.4 N0.10

cluding (1) atomic resolution
scanning probe microscopy char-
acterization technologies in ex-
treme-field environments, (2) 3-
dimensional nanostructure analy-
sis technologies for wide-area
surface structures, (3) ultrafast

resolved spectroscopy
characterizationtechnol-
ogies, (4) ultra-high res-
olution transmission
electron microscopy (TEM) char-
acterization technologies, and (5)
high resolution solid-state nucle-
ar magnetic resonance (NMR)
spectroscopy characterization
technologies using NIMS mag-

femtosecond-level time-

nets, which boast the world's
highest magnetic field.

In addition, the ANCC
aims to provide characterization
technologies and data which con-
tribute to materials research
based on these advanced technol-
ogies. This Special Feature intro-
duces the missions and research
activities of each of the ANCC's
five groups.

For more details: http://www.nims.go.jp/ancc/
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Development of a High
Speed Electron Simulator

Shigeo Tanuma, Sei Fukushima
Takashi Kimura

Advanced Surface Chemical Analysis Group
Advanced Nano Characterization Center

for Wide-Area-3-Dimensional

Analysis

On the development of
electronic materials and compo-
site materials, 3-dimensional
analysis technique with high
speed and wide area, which ena-
bles measurement/analysis of
large surface areas in both the
planar and depth directions
with high resolution of several
10s of nanometers or less, is
strongly required especially for
the failure analysis in the practi-
cal application of materials. For
this purpose, the Advanced Sur-
face Chemical Analysis Group
is developing a variety of ad-
vanced analytical methods, in-
cluding an Auger electron spec-
troscopy (AES) device, X-ray
spectroscopy
(XPS), and electron probe mi-
cro analyzer (EPMA) etc. How-
ever, because there are limits to

photoelectron

achieving objectives with indi-
vidual instrument, the develop-
ment of novel measurement
and analysis methods which
combine these techniques is in-
dispensable. For this reason,
the modeling of the electron
transport process in the inelas-
tic and elastic scattering which
occur when electrons move in
solids and an accurate knowl-
edge of the physical quantities
related to the scattering are ex-
tremely important. Our Group
is, therefore, attempting to ach-
ieve higher precision in the fun-
damental physical quantities of
the inelastic mean free paths

120

(IMFPs), stopping power (SPs),
ete. of electrons and develop a
3-dimensional wide-area elec-
tron simulator to enable accu-
rate measurement/analysis of
electrons having energies on
the order of 100 eV to 10 keV,
which is the most useful range

in the practical surface analysis.

IMFP, which describes
the inelastic scattering of elec-
trons in solids, is the most basic
quantity expressing surface sen-
sitivity and the matrix effect in
surface electron spectroscopy
techniques such as AES and
XPS. In practical analysis un-
der ISO standards, a general for-
mula called TPP-2M (Tanuma-
Powell-Penn formula) based on
IMFP values calculated from
the individual dielectric func-
tions of substances is widely
used, but experimental verifica-
tion of the accuracy of this for-
mula is inadequate. Therefore,
we investigated the energy and
material dependency of experi-
mentally determined IMFPs
with 13 elemental solids using
elastic peak electron spectrosco-
py (EPES), in which specimens
are bombarded with electrons
and the elastic peaks of elec-
trons that are reflected without
energy loss are measured. Parti-
al results of this research are
shown in Fig. 1. The ratio of
electron energy and IMFP
shows a good linear relation-
ship with electron energy ex-
pressed on a log scale.
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Using this plot, which
is called Fano plot, it
is possible to deter-
mine the energy de-
pendency of IMFP.
Figure 2 shows a com-
| parison of the experi-
mental values, theoret-
ical calculated values,
| and results obtained

with the TPP-2M for-
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Fig. 1 Energy dependency of electron in-
elastic mean free paths (IMFPs).

10" mula for the IMFP of
silver. These results
show that the differ-

ence between the value calculat-
ed with the TPP-2M formula
and the experimental values is
on the order of 10 %, verifying
the accuracy of the calculation
method. Thus, we are proceed-
ing with the development of a
3-dimensional wide-area sur-
face layer electron simulator
based on the development of a
precise database for the funda-
mental physical quantities de-
scribing the inelastic scattering

of electrons. With this, it is ex-
pected to be possible to per-
form composite analyses of da-
ta from AES, XPS, EPMA,
EPES, etc., enabling high speed,
high accuracy 3-dimensional
analysis of the surface layer of
specimens. The research on
EPES is being carried out joint-
ly with Prof. Keisuke Goto of
Nagoya University of Technolo-

gy

S T— -
i Silver
50 1
I ®  Experimental values ]
40 TPP-2M 5
— A Theoretical calculated ]
EL L values “
& 3o .
= ]
20f ]
:
[ ik A
0 100 1000

Electron energy (eV)
Fig. 2 Comparison of experimental IMFPs and IMFPs by gener-
al formula TPP-2M for silver.

< Continued from p.1

ICYS-ICMR, Summer Sehiools

SO N anomateria

For more details: http://www.nims.go.jp/icys/

4




SpeClaI Features Introduction of 20 New Projects and Recent Achievements - Advanced Nano Characterization Center -

Time-Resolved Observation

Masahiro Kitajima, Kunie Ishioka
Ultrafast Spectroscopy Group
Advanced Nano Characterization Center

of Extremely High-Frequency
Phonons in Semiconductors

cosecond to nanosecond, still too fast for
human eyes to catch up. This is why we are
developing a novel technique to monitor
the ultrafast photo-response of solid materi-
als, which is especially important for evalu-
ating metallic and semiconductor materials
for opt-electronic devices.

We investigate ultrafast electronic
and phononic dynamics in semiconductors
and metals using a simple pump-probe set-
up with a fs pulsed laser (Fig. 1). Photo-re-
sponse in semiconductors and metals is do-

minated by the cooling processes

Photo-response of solid materials con-
tributes greatly to our daily life, in wide
range of phenomena from photosynthesis
in plants to the retina in our eyes catching
light to solar cells generating electric pow-
er. In every photo-response process, light is
quickly absorbed by electrons in the materi-
al, whose energy is then transferred into
the atomic motion and breaking chemical
bonds between the atoms. The photo-ab-
sorption occurs in femtosecond (fs: 101

second) timescale; the energy transfer in pi- . . . .
) gy p Fig. 2 Schematic drawing of the in-

plane C-C stretching phonon of

Xout
t shaker of photo-generated electrons, in graphite (Esg2 mode), whose fre-
I . . . ;

£ (20Hz)  sameg - which the hot electrons give their quency is 47 THz.
o . i I PD# excess energy away to other elec- plane shear phonon. Our experiment re-
T'ambda/? PD#2 —l trons and the collective motion of  quires ultrashort laser pulses for time-reso-

pump i . . . .
% A% the atoms in the solid (phonons). lution, as well as 'techmqus.es to detecF a
. I__”?geArgp '| We have observed, for example, very small change in the optical properties

= b with bandpass . . . . . .
AA T4 0318r?5’ probe negative signal | impulsively excited C-C stretching  of the material. We are planning to apply
Ry __ﬂi’ﬂﬂi‘r’c‘?{ﬂgl‘r trigger sl of graphite (Fig. 2) in time domain, our experimental method to characterize
'h-""—d__.l.-é E‘gﬁ - whose frequency is as high as 47  the ultrafast opt-electronic properties of
%, . Lo .

& “ Oscillator THz. The transient modulation in  doped diamonds, carbon nanotubes and gra-

e A =800 nm, 96 MHz . . .
b the vibrational frequency gives an
Fig. 1 Schematic drawing of experimental setup evidence of strong coupling with

for pump-probe reflectivity measurements .
using sub-10 fs pulsed laser as a light non-thermal electrons and the inter-

source.

phene (a single layer of graphite). This re-
search is a collaboration with Prof. Hrvoje
Petek of the University of Pittsburgh.

For more details: http://www.nims.go.jp/ldynamics/Femto.html
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Tadashi Shimizu, Masataka Tansho

Atsushi Goto, Kenjiro Hashi

High Field NMR Group

Advanced Nano Characterization Center

(Concurrently with High Magnetic Field Station - User Facility)

Development of High Field
Solid-State NMR and Application
to Nanomaterials Research
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The objectives of this project are the de-
velopment of the world's highest perform-
ance NMR system by combining the one of
the world's outstanding groups of magnets, requires that the
which has already been developed by NIMS  NMR data be attach-
and includes a 920/930 MHz magnet, 40 T  ed.
class hybrid magnet, and others, and NIMS'
spectrometer development technology, and to
apply this system in order to overcome key
problems in nanomaterials research.

The advantages of NMR (nuclear mag-
netic resonance) include the fact the parts of
materials which manifest functions can be

With the essen-
tial NMR technolo-
gy, it is possible to
observe approxi-
mately 90 % of the
clements in the Peri-
odic Table of the El-

Table.

Periodic Table of the Elements.

4

measured selectively at the nano level even,
for example, in amorphous substances and
mixtures, and the 3-dimensional chemical
structure and its dynamic properties can be
elucidated with pinpoint accuracy. A represen-
tative example of a conventional application
of NMR is the identification of molecular
structures in pharmaceutical product develop-

Vises wow \0l.4 No.10

ements (elements other than those shown in
white in the table). However, use of the con-
ventional technology had been limited to on-
ly hydrogen and carbon, which were particu-
larly advantageous from the viewpoints of
sensitivity and resolution. To realize high sen-
sitivity and high resolution with other ele-
ments, a high magnetic field of 20 T or more

is essential. In particular, because the ele-
ments shown in red in the Periodic Table
have quadrupolar spins (i.e., their nuclear
spin quantum number / is larger than 1), a
high field is the only method of improving
resolution. As shown in the table, the ele-
ments having quadrupolar spin include nu-
merous elements which are important for
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Development of High
Performance Electron

Microscopes and

Yoshio Matsui, Masaki Takeguchi
Koji Kimoto, Akira Hasegawa
Nobuhiro Ishikawa, Toru Hara
Kazuo Furuya

Advanced Electron Microscopy Group

Application to Advanced
Materials Research

Relative sensitivity for quadrupolar nuclei

Fig. 1 Appearance of ultra-
high vacuum, aberra-
tion-corrected STEM.

1. Introduction

The Advanced Electron
Microscopy Group, Advanced
Nano Characterization Center
is a group of front-line special-
ists in electron microscopy. The
Group has developed various
advanced electron microscopes,
beginning with two ultra-high
voltage electron microscopes,
and has made numerous impor-
tantachievements, including dy-
namic in-situ observation of ad-
vanced nanomaterials, ultra-
high resolution structural analy-
sis, etc. This article introduces
the "High Resolution STEM"
and a "Nano Magnetic Structur-
al Analysis System" as two ex-
amples of recent development
work.
2. Development and Applica-
tion of High Resolution STEM

Advanced Nano Characterization Center

The Group has devoted
great effort to the development
of scanning transmission elec-
(STEM),
which have attracted attention

tron microscopes

as a new method of observing
atomic images, and developed
two advanced devices of this
type. One is an ultra-high vac-
uum, aberration-corrected
STEM. With the conventional
magnetic field-type lens, correc-
tion of aberration had been con-
sidered impossible because con-
cave lenses could not be used,
but this Group developed an
aberration-corrected STEM
(Fig. 1) which was the first to
incorporate this advanced tech-
nology, thereby achieving 1 [J
resolution. The second new de-
vice is a high brightness, high
energy-resolution STEM which
is equipped with a cold-field-
emission electron gun (Cold-
FEQG). An atomic image (annu-
lar dark-field: ADF) of silicon
nitride (SizN4) taken with this
device is shown in Fig. 2. The
individual silicon atoms can be
clearly observed as white spots.
3. Development and Applica-
tion of Nano Magnetic Struc-
tural Analysis System

In substances with strong-
ly-correlated electron systems,
as represented by superconduct-
ing oxides, nano-level observa-

tion of the micro magnetic
structure (magnetic domains) at
ultra-low temperatures is an ex-
tremely important problem, but
this was difficult with conven-
tional electron microscopes.
Therefore, this Group devel-
oped two devices, a holograph-
ic electron microscope and a
Lorenz electron microscope,
which were specially designed
for use in observation of mag-
netic structures at the nano lev-
el. The former is effective in
quantitative analysis of the dis-
tribution of magnetization,
while the latter is effective for
dynamic observation of magnet-
ic domains and magnetic do-
main walls at the nano level.
Figure 3 (offered Dr. Toru Asa-
ka, JSPS Post-
doctoral Fellow)
shows an exam-
ple of observa-
tion of the mag-
netic structure
of manganese
oxide, which is
a  promising
next-generation
magnetic materi-
al, at ultra-low
temperature
with the Lorenz

Fig. 2 Example of observation of
atomic image (ADF) of sil-
icon nitride (SisN4) with
high brightness, high en-

ergy-resolution STEM.
The square in the center
is an enlarged image.

fied as alternative black and
white lines.
4. Conclusion

The Advanced Electron
Microscopy Group is engaged
in research with the aim of real-
izing electron microscopes
which demonstrate the world's
high performance in identifica-
tion of atoms by introducing
more advanced aberration cor-
rection technology and cutting-
edge technologies such as new
X-ray spectroscopy methods,
etc.

Fig. 3 Ultra-low temperature Lorenz electron
microscope image (temperature: 17 K)
showing dramatic change in the ferro-
magnetic domain structure of lamellar

manganese oxide Las.oxSri+axMns07

electron micro-
scope. The do-
main walls can

as a result of slight change in the
amount of hole-doping X. The upper
part of the photo shows an example of

observation along the c-axis; the lower

be clearly identi-

part shows observation along the b-ax-

is perpendicular to the c-axis.

For more details: http://www.nims.go.jp/aperiodic/hrtem/AEMG-e.html
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Relative resolution for quadrupolar nuclei
Fig. Sensitivity and resolution with quadrupolar nu-

field of Hy (arbitrary intensity)
as a standard.

clei. Higher magnetic fields (contour line) are ad-

vantageous.

Development of NMR us-

ing hybrid magnets, which is currently the on-
ly technology capable of producing a steady
field of 30 T or higher, is underway in the
United States, EU, China, and Japan. Only
the US has already completed development
of an NMR specification magnet and ad-
vanced to collection of NMR data, but the
EU is now constructing a magnet targeting
the NMR specification. The existing 40 T
class hybrid magnet at NIMS boasts the
world's 2nd highest field, following only one
facility in the US. At present, NIMS is in-
volved in a series of development activities
which will upgrade this magnet so that it also
satisfies the NMR specification.

Vims wow \lol.4 No.10 D
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Doctoral Program in Materials Science and Engineering
Graduate School of Pure and Applied Sciences, University of Tsukuba

NIMS Additional Entrance Exam for April or August 2007 Admission

The Doctoral Program in Materials Science and Engineering will hold an Additional Entrance Exam in February 2007 for
enrollment in April or August 2007. The program is managed by NIMS and the University of Tsukuba, and selected scientists
from NIMS have joined the graduate school faculty and supervise students' thesis research.

We are also now beginning an "Early one-year completion program," which allows adult students who already have a Mas-
ter's degree to complete their course within one year at minimum. Please feel free to contact us for details at anytime.

SCHEDULE (Tentative)

Distribution of Application Documents Late November 2006
Application Period January 9-11, 2007
Oral and Written Examination February 5-6, 2007
Announcement of Test Results February 20, 2007
April 1, or August 1, 2007
LA e (At student's option)
CONTACT
Office for the Doctoral Program in Material Science and Engineering, NIMS Research Training,

3-13 Sakura, Tsukuba, Ibaraki 305-0003 JAPAN
Tel: +81-29-863-5348 / Fax: +81-29-863-5394

E-mail: nims_admin@pas.tsukuba.ac.jp For more details: http://www.nims.go.jp/graduate/english/

 {Hello, from NIMS

4

ello! My name is Kai Cai. I am a postdoctoral researcher working Cai Kai (China)

—— in the Coating Materials Group at NIMS. After receiving my Ph.D. | Research Fellow (April 2005 - Present)
Particle Simulation & Thermodynamics Group

degree at Tsinghua University in China in 2003, I came to Japan Computational Materials Science Center

with my husband and continued my research career at the Tokyo Institute of
Technology. I joined NIMS in April 2005.

For a researcher working in the multidisciplinary field of materials sci-
ence, NIMS is a rather ideal institute where you can communicate and coop-
erate with people of different backgrounds in a relaxed atmosphere. I am
happy to cooperate with Dr. Murakami and Dr. Ode. The difference in our
previous research topics compensates for our defects in knowledge and produ-
ces a synergistic effect, I believe, and as a result, we can try new methods in

our work.
It is really exciting news for [ Having a good time near the Imperial Palace ]

me that my husband joined

NIMS this April. Now we can work together and live just walking distance from NIMS,
with our lovely 2-year-old daughter. Every day while my husband and I are at the office,
my daughter plays with her new friends in the nursery school.

Compared to the crowded Tokyo area, Tsukuba is a quiet and rural place, which is
more favorable for us. Every day we can see the beautiful scene of Mt. Tsukuba surround-
ed by clouds and mist from our balcony. Tsukuba is a small town in terms of population,
but it is a big city from the viewpoint of research. I have heard a saying that one has nev-

er been to Japan if he has never been to Kyoto. In my opinion, this also applies to this

[ Having fun at Kashiwa-no-ha Park, unique town: Tsukuba is a place one must visit if he/she is a researcher who has once
my daughter RunRun ]

worked in Japan.
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