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Abstract

High-sensitive visualization of the local electric and
magnetic field is possible using a low energy electron beam
combining with a simple grid detector configuration. The
beam deflection goes along with the clear principle that the
larger deflection can be induced by lower energy electron
based on the Rutherford scattering scheme. The field
distribution around two-dimensional materials allows
quantitative analysis of the local field, showing good
agreements with FEM simulation. Well defined beam
scanning control established in the recent scanning electron
microscope (SEM) can project the detector grid image
superimposed on the specimen image. And thus the localized
field distribution was easily visualized through a simple E-
filed vector translation based on the deflection
configuration. Detailed techniques and the analysis were

described from the viewpoint of practical applications.
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Fig.1 (Color online) Schematics of field visualization methods: (a)
Electron holography, (b) Lorenz microscopy, and (c) Beam

deflection method described in this article.
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Fig.2 Potential dependence of the concentric rings appeared

at the probe apex.
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orthogonal grid configuration: (a) schematics of the electron
beam optics with the orthogonal grids against the probe axis,

(b)visualized electric field at the probe apex, (¢) FEM



simulation for the E-field contour and the vector components
at the point a", b", and ¢", which occupied the equivalent

position of a, b, and ¢ shown in (b).

Primary electron

Detector grid

Fig. 4 (Color online) Field visualization methods using
parallel grid configuration: (a) schematics of the electron
beam optics with the parallel grids with the probe axis,
(b)visualized electric field at the probe apex, (¢) FEM

simulation for the E-field contour and the vector components.
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the probe apex.
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Fig. 6 (Color online) Field visualization methods using
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visualized electric field at the probe apex.
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Fig. 9 (Color online) Typical examples of the visualized field

images using (a) a horizontal grid and (b) a vertical grid.
Illustrations of the corresponding deflection schemes are

shown in (¢c) and (d), respectively.
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Fig. 10. Analysis of the field strength by assuming (a)
cylindrical field distribution in the y-z plane, the (b) x-
component, and (c) y-component of the local magnetic field

are estimated.
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Fig. 11. (Color online) Example of collective magnetization:
(a) SEM image of the entire shape of the stripe array, (b) the
local magnetic field image with right-hand tilted
magnetization, and (c) the local magnetic field image with
left-hand tilted magnetization. (d) The local magnetic field in
the top right corner (indicated by the white arrow) of each
stripe is larger than that in the left corner in the FEM

simulation, in good agreement with the field image in (b).
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Fig. 12 (Color online) Schematics of the objective lens
operation mode for (a) Low-mag. mode, and (b) High-mag.

mode.
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Fig. 13 (Color online) Typical examples of the visualized field

images using high mag mode with solid state diode detector.
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Fig. 14 (Color online) Typical examples of the visualized field
images appeared at the tips of the CNT forest.

(a) SEM image of the CNT forest, (b) and (c) showed the dark
field detector images where bright spots appeared at the CNT
tips, (d) shows the contour map of the electric field

distribution.
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