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Abstract: The charging effects of microfibrils of sciatic nerve tissues due to electron irradiation are investigated
using electron holography. The phenomenon that the charging effects are enhanced with an increase of electron
intensity is visualized through direct observations of the electric potential distribution around the specimen.
The electric potential at the surface of the specimen could be quantitatively evaluated by simulation, which
takes into account the reference wave modulation due to the long-range electric field.
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INTRODUCTION

The charging effect due to electron irradiation of noncon-
ductive materials such as polymers, ceramics, and biological
specimens gives rise to one of the most important problems
of electron microscopic observation. The charging effect is
generally caused by electron bombardment and the related
secondary electron emission. Thus, it is well known that
nonconductive thin specimens tend to become positively
charged ~Kotera et al., 1999; Meyza et al., 2003!. This charg-
ing effect affects various types of electron microscopy and
their related analytical techniques. It is well known that the
charging phenomenon, which results in problems such as
instability and drift of specimens, hinders the acquisition of
reliable analysis data by electron microscopy ~Munger, 1977!.
Therefore, to perform a reliable analysis of charged speci-
mens, in addition to suppressing the charging effect through
the use of a metallic coating, evaluation of the magnitude of
the charging effect is also important ~Wepf et al., 1991;
Rodnyansky et al., 2000; Li & Gu, 2002; Shi et al., 2003;
Touzin et al., 2006!. Detailed mechanisms for the charging
effect in nonconductive materials have not yet been clari-
fied. On the other hand, electron holography provides a
unique method to detect the phase shift of electron waves
due to electromagnetic fields ~Shindo & Oikawa, 2002!.
These fields can be recorded on an electron hologram, and
then through a reconstruction process the electromagnetic
fields within/around a specimen can be analyzed. Therefore,
electron holography is expected to be applied for the evalu-
ation of the charging effect in nonconductive materials.

In this study, the charging effect of microfibrils of
sciatic nerve tissues with changes in the incident electron

intensity and morphology of the microfibrils is analyzed by
electron holography and bright-field imaging. The electric
potential around the specimen with different electron inten-
sity is quantitatively evaluated through electron holographic
simulation.

MATERIALS AND METHODS

Sciatic nerve tissue specimens of adult C57BL/6 mice were
prepared by a quick-freezing method ~Ohno et al., 1992!.
The specimens were freeze-dried ~Eiko FD-3AS! overnight
at �958C and under a high vacuum of 10�7 torr. The
freeze-dried specimens were packed in a glass container
with an open OsO4 vial ~fixation with OsO4 vapor! and
incubated for 2 h. The specimens were then sputtered with
carbon for 20 s. The sciatic nerve tissue was fixed with
carbon tape to a copper plate specimen holder ~Shindo
et al., 2007!. Bright-field imaging and electron holography
were carried out using a transmission electron microscope
~TEM; JEOL JEM-3000F! with an accelerating voltage of
300 kV. The TEM was equipped with a biprism and a
Lorentz lens system ~Shindo et al., 2003!. The spacing
between the interference fringes was ;2.4 nm for a biprism
voltage of 50 V, and the spatial resolution and width of the
field of view were 7.2 and 460 nm, respectively. The expo-
sure time was set to be constant at 6 s. To obtain the electric
potential around the specimens due to electron irradiation,
simulations that take into account the reference wave mod-
ulation due to the long-range electric field were performed
using a mathematical software system ~Mathematica, ver.
5.0.1.0, Wolfram Research Inc.!.

RESULTS AND DISCUSSION

Figure 1 shows bright-field images obtained from the mi-
crofibril of sciatic nerve tissues with different incident elec-
tron intensity. These images were acquired using overfocused
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conditions. An increase in the incident electron intensity
resulted in a change in the contrast at the edge of the
microfibril; in Figure 1b, the bright contrast ~indicated by a
white arrow! appears at the edge of the microfibril, and in
Figure 1c this changes to a dark contrast ~indicated by a
black arrow! and becomes larger, as shown in Figure 1d.
These results indicate that the incident electron beams are
more strongly deflected by positive charges that are en-
hanced by increasing the incident electron intensity. There-
fore, it is reasonable to consider that the bright and dark
contrasts are caused by deflection of the incident electron
beam owing to positive charges that are concentrated at the
edge of the microfibril. This tendency is stronger when the
specimen is more strongly charged, as shown by the sche-
matic illustrations in the insets of Figures 1a–1d.

Figure 2 presents the electron holography results, which
show the electric potential distribution around the mi-
crofibril. Electron holograms and the corresponding recon-
structed phase images are shown in Figures 2a–2c and
2d–2f, respectively. Some dark contrasts at the edge of the
microfibril are indicated by black arrowheads in the elec-
tron holograms. It is considered that these contrasts are
caused by the effect similar to that shown in Figure 1. In the
reconstructed phase image, the white and black lines denote
the equiphase lines formed by electrons passing through the
electromagnetic field; in the case of the electric field alone,
these lines indicate the equipotential lines reflecting the
electric potential distribution integrated along the trajecto-
ries of the incident electrons ~Shindo & Oikawa, 2002!.
Figures 2d–2f show the electric potential distributions due

to the charging effect; these distributions are basically sym-
metrical around the microfibril. As the incident electron
intensity increases, the number of equipotential lines grad-
ually increases, whereas the distance between the equipoten-
tial lines decreases. These results indicate that the strength
of the electric field increases around the microfibril, which
is positively charged owing to electron irradiation. There is
some irregular contrast that corresponds to the fluctuation
of electric potential in the right top edge as indicated by the
arrows in Figures 2e and 2f. This will be pointed out later
from the analysis of the amplitude reconstruction process.

Simulations were conducted using a one-dimensional
line charge model to quantitatively evaluate the charging
effect for the case shown in Figure 2 ~Matteucci et al., 1992,
1997; Jackson, 1998!. In this system, the reference wave
modulation due to the long-range electric field should be
considered when the electric potential distribution pro-
jected along the incident beam is simulated: Iph~r! �
cos~fp~r! � fp~r � D!!, where fp~r! is the phase change
in the incident electron due to electric potential wp~r! and
fp~r � D! is the phase change in the reference wave
modulated by the long-range electric field. D is a vector
representing the width of the fringe overlap ~Okada et al.,
2007!. Figure 3 shows the simulation results for electric
potential distributions caused by electron irradiation, which
are consistent with the experiment data. In Figures 3a–3c,
the simulations show that the charges created by electron
irradiation increased with the incident electron intensity,
and the electric potentials at the surface of the microfibril
were estimated to be 45.3, 71.8, and 105.9 V, respectively.

To obtain more detailed information of the charging
effect, we present reconstructed amplitude images of a
microfibril in Figure 4 from an amplitude reconstruction
process of an electron holography technique ~Shindo et al.,
2009!. In Figure 4a, a sharp dark contrast line is evident
along the right side surface, as indicated by a small arrow.
The strong dark contrast becomes clearer and thicker around
the right top region of the microfibril as the incident
electron intensity increases. The change in contrast evident
in Figures 4a–4c indicates a change in the electric potential
distribution around the top of the microfibril of the sciatic
nerve tissue. The cause of the strong dark contrast around
nonconductive specimens, such as microfibrils of the sciatic
nerve tissue, should be considered taking into account the
movements of charges, i.e., the dynamic motions of the
secondary electrons and the drift of charged specimens.
Detailed discussion will be given elsewhere.

CONCLUSIONS

The charging effects of a microfibril of sciatic nerve tissues
were investigated using bright-field imaging and electron
holography. The results are summarized as follows.

1. A strong charging effect was confirmed at the top of a
linear microfibril by bright-field imaging.

2. The electric potential distribution around a charged mi-
crofibril was visualized by the phase reconstruction pro-

Figure 1. Bright-field images showing the charging effect on a
microfibril of the sciatic nerve tissues with incident electron inten-
sities of ~a! 60, ~b! 180, ~d! 420, and ~e! 540 nm�2{s�1. The insets
in ~a–d! show the deflection of the incident electron beam due to
the positive charge.
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cess of electron holography. The electric potential around
the microfibril was quantitatively evaluated by simula-
tions that take into account the reference wave modula-
tion due to the long-range electric field.

3. The reconstructed amplitude images revealed the fluctu-
ation of electric potential distribution around the
microfibril.
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Figure 2. Electron holography results showing the electric potential distribution around a charged microfibril with
various incident electron densities: ~a–c! electron holograms and ~d–f! the corresponding reconstructed phase images.

Figure 3. Simulation results showing electric potential distributions. The simulations corresponding to ~a–c! were
performed based on the assumption that the electric potentials at the surface of the microfibril were 45.3, 71.8, and
105.9 V, respectively.

Figure 4. a–c: Reconstructed amplitude images of a microfibril of sciatic nerve tissues with change in the incident
electron density. These images correspond to the reconstructed phase images shown in Figure 2.
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