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Scope of Research

Crystallographic and electronic structures of materials and their transformations are studied through direct
imaging of atoms or molecules by high-resolution spectromicroscopy which realizes energy-filtered imaging and
electron energy-loss spectroscopy as well as high resolution imaging. It aims to explore new methods for imaging
and also obtaining chemical information in thin films, nano-clusters, interfaces, and even in solutions. By combin-
ing this with scanning probe microscopy, the following subjects are urging: direct structure analysis, electron
crystallographic analysis, epitaxial growth of molecules, structure formation in solutions, and fabrication of low-

dimensional functional assemblies.
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Topics

Local State Analysis by STEM-EELS
Equipped with a Nanotip-FEG

Electron energy-loss spectroscopy (EELS) combined
with an aberration corrected scanning transmission elec-
tron microscope (STEM) enable to perform local analysis
with an atomic resolution owing to a sub-angstrom elec-
tron probe with a high probe current. In order to enhance
a performance of STEM-EELS analysis, we developed a
200 kV Cs-corrected STEM/TEM equipped with a nanotip-
FEG, which produces an incident electron probe of 0.1 nm
or less in diameter with an illumination semi-angle of 23
mrad. As an application to STEM-EELS analysis, we
carried out local state analysis using the spatially resolved
EELS measured from a BaTiO, (BTO) thin film grown on
SrTiO; (STO) substrate. In the vicinity of the interface, a
strained structure and a misfit dislocation are observed in
the BTO region. The imaginary part of dielectric function
(g, spectrum) deduced from valence electron excitation
spectrum shows the change of electronic structure due to
the strain structure near the interface, which is confirmed
by a first principles band structure calculation. From the
energy-loss near-edge structure of Ti L, ;-edge, the crystal-
field strength measured from the separation between t,,
and e, peaks is also slightly different, which indicates that

Figure 1. STEM image and spatially resolved EELS measured from the
vicinity of the interface of BTO/STO.

the local electronic structure should be changed at the
strained and defect regions.

Atomic Resolution ADF-STEM
Imaging of Organic Molecular Crystal of
Haloganated-Cu-phthalocyanine

Annular dark-field (ADF) scanning transmission elec-
tron microscopy (STEM) is a powerful technique for
acquiring high-resolution images of materials. High-angle
ADF (HAADF) STEM images are considered to be
incoherent, showing chemical image contrast (Z-contrast),
due to the dominated effect of thermal diffuse scattering
(TDS) in the detected signal. However, to date, HAADF
STEM imaging has been performed invariably for inor-
ganic crystals. In this report, an ADF-STEM measurement
is demonstrated for the first time to be applicable for
acquiring Z-contrast images of organic molecules at
atomic resolution. The structural image of a molecular
crystal of hexadecachloro-Cu-phthalocyanine (Cl,;-CuPc)
is acquired at atomic resolution by ADF-STEM (Figure 2).
In molecular crystals with comparatively large lattice
constants, such as the Cl,;-CuPc sample examined in this
study, low-angle ADF (LAADF) STEM observation with
a detection angle of 24-64 mrad was found to be advanta-
geous for acquiring incoherent Z-contrast images similar
to the case of conventional HAADF-STEM.

Figure 2. Noise filtered LAADF-STEM image of Cl,,-CuPc projected
along the c-axis.
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