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Every theory becomes science when it is actually observed. 
To understand how the behavior of atoms affects the properties 
of materials, 
it is necessary to observe materials at the atomic scale.

Optical microscopes can not reveal the secrets of 
materials at the atomic level.
Therefore, electron microscopes such as transmission electron 
microscopy (TEM) and scanning electron microscopy (SEM) 
are used, but an observation requires more than a mere 
use of a microscope.

By selecting appropriate techniques of preparation 
and observation of specimens, electron microscopists 
can significantly affect the final results.

Seeing the nano world.
It is easier said than done. 
It is only possible thanks to the accumulated knowledge,
and more than anything else, the outstanding people 
of the NIMS Transmission Electron Microscopy Station.

A variety of TEM specimen holders made for  different microscopes and purposes of observations.
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Real working environment nanoscale physical characterization 
TEM (JEM-ARM200F)

Electron diffraction pattern of the 7x7 Si(111) surface reconstruction.

High Resolution (HR) - TEM image of yttria-stabilized zirconia (YSZ) observed at 1000 °C.

NIMS Transmission Electron Microscopy Station
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  This 200 kV field emission-type TEM is equipped with aberration correctors both in 
the illumination and imaging systems. It allows atomic-level imaging and struc-
tural and chemical analysis, including detection of light elements such as carbon 
and oxygen. In addition to TEM, STEM, energy dispersive X-ray spectroscopy (EDS), 
electron energy loss spectroscopy (EELS), electron beam holography and 3D 
observation, it supports in situ measurements at temperatures ranging from -160 to 
1200 °C, in a gas atmosphere, under optical illumination and electrical bias. The 
accelerating voltage can be adjusted to 80, 120 or 200 kV, depending on the specimen 
material and the purpose of observation. The JEM-ARM200F is a state-of-the-art 
instrument; it is an extremely popular electron microscope used by many researchers 
from both in and outside of NIMS.

High-angle annular dark field - scanning transmission electron 
microscopy (HAADF-STEM) images of lithium lanthanum titanate. 

Magnification of the left image.

Atomic column mapping of SrTiO3 by EDS
(red: titanium, green: strontium).

Atomic column mapping of SrTiO3 by EDS 
(line analysis; yellow: titanium, green: strontium, red: oxygen).
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  This 300 kV TEM is equipped with a field emission electron 
gun that produces a bright, coherent and stable electron 
beam. Accelerating voltages of 200 and 300 kV can be 
used. The microscope is equipped with an EELS device and 
supports energy-filtered imaging. In addition to EELS, EDS 
and electron beam holography and tomography mea-
surements, the magnetic structure of the sample can be 
studied using the Lorentz mode. This instrument is fre-
quently employed in research on magnetic materials.

Magnetic domain observation in the Lorentz mode (specimen: Fe).

Electron beam hologram (specimen: Fe).

Observation of lines of magnetic force by electron beam holography 
(specimen: Fe).

300 kV field emission-type transmission electron microscope 
(Tecnai G2 F30)

NIMS Transmission Electron Microscopy Station
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  This 200 kV TEM is equipped with a field emission electron 
gun that produces a bright, coherent and stable electron 
beam. It is particularly popular owing to its well-balanced 
performance and the ease of operation. The microscope 
allows to record electron diffraction patterns by a CCD 
camera and perform STEM-EDS, electron beam holography 
and tomography measurements. 

MgO nanoparticles that can pin magnetic flux in 
superconducting MgB2 wires.

Nanosized needle-like precipitates in an Al-Mg-Si 
alloy after friction stir welding (FSW).

200 kV field emission-type transmission electron microscope 
(JEM-2100F)
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The thin slice in the center is a specimen prepared by the FIB/pickup method for 
high-temperature TEM observations.

TEM specimen prepared by the FIB/pickup method is glued on a substrate.

Nanodiode.

Field emission-type scanning electron microscope (JSM-7000F)

NIMS Transmission Electron Microscopy Station
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  This SEM is equipped with a Schottky (thermal type) field 
emission electron gun. It is used for the surface and 
cross-sectional microstructure analysis of a wide range 
of materials, from metals to oxides, semiconductors, 
polymers and superconductors. It is equipped with an EDS 
system and allows high-resolution mapping of chemical 
composition.

Cross-sectional observation of polymer films on a PET film prepared by FIB. Magnification of the left image.

Cross-sectional observation of a pillar-shaped specimen that was masked with 
diamond powders and ion-etched (specimen: AlGaN/GaN/Al2O3).
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various materials by cutting, mechanical polishing, ion 
polishing, chemical mechanical polishing (CMP), heat 
treatment, vapor deposition of metals, and other processes. 
TEM samples must fit into a disk with a diameter of 3 mm, 
and the thickness of the observation region must be approxi-
mately 100 nm or less. The supporting staff members meet 
potential users in advance to discuss the type of specimens 
that should be prepared, the purpose of observation and 
other relevant issues.
  The foreground of the photograph shows a wedge-
shaped specimen polishing machine (Multiprep System), 
in which the specimen is fixed to an arm equipped with 
a micrometer, and polishing to the required thickness is 
performed with water and an abrasive sheet while rotating 
the polishing wheel. This technique allows preparation 
of fine TEM specimens without post-processing. Two 
precision ion polishing systems (PIPS) can be seen under 
TV screens; they are used for finishing of TEM specimens 
by irradiation with an argon ion beam in vacuum. These 
systems are equipped with low-voltage ion guns and cold 
stages, which greatly reduce milling damage in comparison 
with the conventional methods.

Center of the edge of the wedge-shaped cross-sectional TEM specimen of an oxide.Wedge-shaped cross-sectional TEM specimen of silicon glued on a single-hole mesh. 
The thin edge is transparent to light.

TEM sample preparation facilities

NIMS Transmission Electron Microscopy Station
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Processing of semiconductor material to needle shape.

Cross-sectional processing of metallic particles.Cross-sectional processing of a solid oxide fuel cell material. 

Cross-sectional processing of a single GaAs quantum dot.

  This focused ion beam (FIB) system enables processing 
of a designated region by scanning the specimen surface 
with a nanometer-sized Ga ion beam. Sample damage 
by the beam is reduced by depositing protective layers 
with the attached gas injector, and the sample is observed 
in situ using the scanning ion microscopy (SIM) mode. 
SIM provides additional channeling contrast, which enables 
clear observation of crystal grain boundaries. The system 
is routinely used to prepare TEM and SEM specimens, but 
it also supports microfabrication procedures, such as 
cutting, patterning and wiring of semiconductor devices, 
as well as BitMap processing.

Focused ion beam device (JIB-4000)



  (June 3, 2013) NIMS and Denki Kagaku 
Kogyo Kabushiki Kaisha (DENKA) signed 
an agreement on the establishment of the 
“NIMS-DENKA Center of Excellence for Next 
Generation Materials.”
  The aims of the Center of Excellence (COE) 
are to identify the needs of industry and 
promote the discovery and development of 
new research fields and “seed” technologies 
at a world-leading level, and to contribute to 
the creation of an eco-conscious society by 
utilizing research outcomes in next-genera-
tion environmental and energy materials.
  NIMS and DENKA have already built a 

longstanding partnership by technological 
development combining the technologies 
and ideas of the two organizations, and 
commercialization in global markets of 
unique products such as LaB6 single crystals, 
which are widely used as an electron source 
for electron microscopes, and phosphors 
for white LED backlights.
  However, in recent years, environmental 
changes in the global marketplace and 
constantly changing customer needs have 
required innovation at a faster pace than in 
the past. The new COE was established to 
strengthen the capabilities of the “open in-

novation” that creates innovative products 
and solution models.
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1 NIMS and DENKA Establish the "NIMS-DENKA Center of Excellence for 
Next Generation Materials"

Dear NIMS NOW readers,
  Japan allows me to play and be curious, 
and I never expected this. Me and Fenny 
(my wife) came to Japan after a four-year 

stay in Denmark. When we came to Japan, 
we stayed in a house in the forest on top 
of a mountain in Hyogo prefecture. While 
educational (and productive: we had a son 
over there), the allure of the city and recom-
mendations by friendly colleagues drew me 
to apply for an ICYS position at NIMS. Now I 
get to play to my heart’s content. There are 
many interesting colleagues (both foreign-
ers as well as Japanese), there is money for 
many things, a fully equipped workshop 
and the message “do whatever you want”. 
While I still have to accept some aspects of 
the Japanese mentality, who are curious, 
friendly, but overworked and do not take 
holidays seriously enough, these aspects 
are what makes life here interesting. It is the 

Japanese that make Japan so unique, and 
while they are good but not perfect, they 
just may be the reason why I like it here.

Brian Richard Pauw (Netherland)
From November 2011 to present.
ICYS

2
  (June 4, 2013) Prof. Dato’ Seri Ir. Dr. Zaini bin 
Ujang, Vice Chancellor of Universiti Teknologi 
Malaysia (UTM), accompanied by executives 
of UTM and delegation from Malaysia Japan 
International Institute of Technology (MJIIT) 
paid a visit to NIMS.
  Prof. Zaini Ujang and the delegation 
met with NIMS President and Executive 
Vice Presidents. After the introductions of 
each organization and research activity, 
they discussed about future possibilities 
of academic collaboration by exchanging 
researchers, post-docs and students. Prof. 
Zaini Ujang was interested in the MEXT 
Project “Nanotechnology Platform”* coordi-

nated by NIMS; he also visited advanced fa-
cilities at NIMS, which can be used through 
this project, and had a briefing about its 
support system.
  Prof. Zaini Ujang has been appointed as 
Secretary-General II of the Education Minis-
try effective as of June 3rd and he spoke not 
only for UTM but also for all the universities 

in Malaysia.

*MEXT Project “Nanotechnology Platform”
Supporting research and development 
among industry, academia and government 
by various universities and institutions 
participated in this project. NIMS is leading 
this project as a representative.

Vice Chancellor of UTM visits NIMS

At a temple on Tsukuba mountain, a buddha statue and a bell.

Yours Sincerely. Japan Post.

Hello NIMS
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Prof. Zaini Ujang and the 
delegation with NIMS 
President and Executive 
Vice Presidents.

Left: Prof.Ushioda, NIMS President,
Right: Mr. Yoshitaka, DENKA President & CEO.


