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Understanding surface fine structures of nano-porous materials and their compositions is essential for
controlling the growth of these materials and for the future material design and the utilization of their
functions [1]. Technical developments in low acceleration voltage high resolution scanning electron
microscopy (LVHR-SEM) have made it possible to acquire invaluable information about them even
though the materials are electrically insulating and electron beam sensitive. In this report, we focused on
observations with electron beam at ultra-low impact energy in order to acquire information from top
surface of nano porous materials.

We have developed a new objective lens called the super hybrid lens (SHL): a compound lens consisting
of both magnetic and electrostatic lenses [2]. The SHL is capable of producing a small probe size even
at low accelerating voltages (for example 0.7 nm at 1 keV); moreover, using beam deceleration mode
allows imaging down to 10 eV with high spatial resolution [3]. Both SHL and beam deceleration mode
are installed in a JEOL Field Emission SEM (FE-SEM) JSM-7800F Prime.

The sample preparation is also important for LVHR-SEM observation. Especially, we have to avoid
contamination, since sample contamination has a negative effect on imaging quality. It is particularly
detrimental in low voltage imaging where only the top few nanometers of the structure are probed with
the electron beam. The main sources of contamination are from the specimen itself (physically adsorbed
gaseous species), the specimen holder and the microscope chamber. Therefore, we selected a high-
density conductive carbon stub for LVHR-SEM observations. This stub was first polished with
sandpaper (#1200) and then with a filter paper to make the surface smooth. It was then cleaned by ultra-
sonication in alcohol and heated in vacuum. The samples described in this paper were prepared by one
of two methods. With the first method, nano particles were dispersed in solution and then a drop was
placed on the carbon stub. The stub was then heated in a vacuum oven for 10 min at 200°C and
subsequently cooled to room temperature. The second preparation method was employed for dried
particles, which were picked with a cotton ball and scattered on a carbon stub that was polished with
filter paper and dried on a hot plate at 250°C.

Mesoporous zeolite LTA [4] images using low landing energy are show at Fig.1. Fig.1 (a) shows low
magnification of mesoporous zeolite LTA at 80 eV as landing energy; (b) and (c) show high
magnification of mesoporous zeolite LTA at different landing energies such as 80 eV and 500 eV. All
images clearly show top surface topographical information of mesoporous zeolite LTA. Especially, the
image of 80 eV shows less edge effect due to small interaction volume. That is a great feature of LVHR-
SEM, since it can show fine edges and give high accuracy measurement of nano-porous materials. The
images also demonstrate that higher landing voltage results in specimen damage due to electron beam
irradiation (see Fig. 1 (c)), whereas lower landing voltage allows observation without any specimen
damage (Fig.1 (b)).
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We will also demonstrate the ability of LVHR-SEM to not only obtain high spatial resolution image
with minimal electron beam damage, but also to acquire high spatial resolution chemical information by
using Energy Dispersive X-ray Spectrometer (EDS) or Soft X-ray Emission Spectrometer (SXES) [6].
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Fig. 1. Low landing energy images at mesoporous zeolite LTA
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