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Electron holography is a powerful technique for high-resolution evaluation of electromagnetic field
distributions in and around materials. Precise electrostatic potential evaluations, however, have been
difficult to perform because of the following reasons: The range of Coulomb electrostatic field is much
longer than the lateral coherence length of the illuminating electron waves used in electron holography
[1]; The incident electrons for observation as well as secondary electrons emitted from the sample can
cause changes in electrostatic distributions in and around the sample with low-conductivity [2].

Split-illumination electron holography (SIEH) [3] is a suitable technique for these analyses because it
can overcome the problem of lateral coherence length by setting the reference wave away from the
sample. In this paper, we report the first practical application of SIEH in the analysis of the electrostatic
potential distributions in and around charged insulating materials, particularly model toner samples
containing polystyrene particles on a carrier particle used in electrophotography.

Figure 1 shows a typical scanning electron microscopic image of toner particles on a carrier. Note that
the image was obtained after holographic observations were performed. The electrostatic potential
distributions around the toner particle indicated by an arrow were evaluated using SIEH. Figure 2 shows
the schematic of SIEH electron optics. To prevent charging of the insulating samples by electron
irradiation during the electron holographic observation, a mask Cu plate was placed at illuminating
system. In addition, adjusting a mask focusing lens placed between the mask and the sample, the
focused shadow of the mask was formed exactly on the sample.

The electrostatic potentials were analyzed by phase shift simulation using a model in which the
electrostatic potentials had axial symmetry along the axis penetrating the center of the toner and the
carrier particles. Figure 3 shows the results: the potential distributions around the toner particles on the
carrier were nonuniform [4].

The results obtained by the developed method have deepened our understanding of the potential
distributions, which should lead to further improvements in electrophotography. This method is a
powerful technique for clarifying the charge distributions of and around various types of insulating
materials used in applied physics and engineering.
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Carrier

Figure 1. Scanning electron microscopic
image of positive toner particles (yellow
colored) on a carrier particle (green colored).
Electrostatic potential distributions around the
toner particle including area near carrier
particle were analyzed by electron holography
and electron phase shift simulation.
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Figure 2. Schematic of SIEH electron optics distributions around positive toner particle in
for observing electrostatic potential the plane perpendicular to the electron beam
distributions of charged insulating materials. (cross-sectional view).
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