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wm X & H Development of surface analysis for nanostructured materials

using electron energy spectroscopy at extremely low incident voltages

Evolution of various functions has been expected by controlling dimensions and
morphologies of materials. The control of not only planarity but also thickness of 2-D
materials is one of main key technologies for many researchers who are investigating for
nanostructured functions. For example, graphene is known as a fascinating 2-D material as the
n-conjugating planar sheet structure with an atomic-level thickness of 0.3 nm, and has
provided a lot of attractive features. In addition, nanostructured materials allow a new
function by doping using other elements or controlling laminated structures; therefore, it is
important to reveal the physicochemical properties before and after the treatments. In order to
analyze these nanostructured materials, a nm-scale analysis with planar and depth resolution
of both compositional and electronic states is required. Many analytical methodologies have
been proposed for nanostructured materials. However, they are in trade-off relationship in the
nm-scale analyses: transmission electron microscopy (TEM) shows mainly planer information
from thin-film samples; compositional and electron states information cannot be acquired from atomic
force microscopy (AFM).
In this study, I have combined an electron beam decelerating method using scanning electron
microscopy (SEM) with an electron energy spectrometer of auger electron spectroscopy (AES).
Incident voltages lower than 0.5 kV can be used for an electron energy spectrometer. It allows
quite small interaction volume in a sample and it means planer and depth resolution is dramatically
improved in nm scale. I have tried to interpret properly contrasts of backscattered electron (BSE)
images at extremely low incident voltages by using my proposed new method. So far, it has been
difficult to obtain the correct compositional information at the extremely low incident voltages
because the tendency of BSE contrasts is reversed between light and heavy elements. Consequently,
the amounts of BSEs about several elements can be measured by the spectrometer and the reversal
phenomenon can be examined quantitatively. In addition, I have challenged on a surface sensitive
electron state analysis by examining based on wave forms of loss electron energy spectra of lower
than 50 eV at the extremely low incident voltages. These spectra show the electron states including
plasmon information with nm-scale depth based on a valence electron excitation. Very thin samples
such as graphene have been used as an experimental sample. I have succeeded in obtaining the
electron-state information based on graphene m-bonding at the extremely low voltages. In summary,
the new surface analytical method has been established to visualize both compositional and
electronic states with the nm-scale planar and depth resolution for 2-D materials.
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