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Time Dependent Charging of Insulators by Electron Beam Irradiation
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If an insulating material is exposed by an electron beam (EB), it will be charged negatively
or positively, depending on the condition. This specimen charging is a critical issue for
the electron microscopy and microanalysis. By using a Monte Carlo simulation of
electron trajectories in insulators, the mechanisms of a specimen charging have been
simulated [1-4]. In these simulations a treatment of electron beam induced conduction
(EBIC) determines the final result, and how it is considered is quite important.

In order to take into account the influence of the electric field on the charge accumulation,
here, EBIC is regarded using a method, which Tanaka et al. have proposed [5]. We
assume that EB is incident at a point on a surface of polymethylmethacrylate (PMMA)
plate of 20pum-thick. Both surfaces are grounded. It is divided virtually in 200nm cells.
The charge distribution deposited by EB of 15keV is obtained by a Monte Carlo simulation
of electron trajectories in non-charged PMMA in advance. Figure 1 shows the
one-dimensional distribution as a function of depth, and it shows a sharp negative peak at
the surface and a broad positive peak in the intermediate depth. The peak at the surface is
obtained by secondary electron emission, and it is found at only the first cell of the surface.
Figure 2 shows the one-dimensional energy deposition distribution by the EB irradiation.

The continuity equation of the charge accumulation, the Poisson equation and the Ohm’s
law are solved simultaneously, and the electric potential, the field, and the charge
distribution in PMMA can be obtained as a function of irradiation time [4]. The EBIC is
determined by:

o(r,z,t)=c,+k-D(r,z,t)

where D is a deposited energy density, oy is the intrinsic conductivity, 4=0.89, and &
=7.7x10_18 s*/(Q cm rad®). Based on the drift current flow based on the Ohm’s law,
numbers of electrons move from one cell to the neighboring cell along with the electric
field. The EB current varies from 0.1 to 10pA. Figures 3 and 4 show the saturated
electron charge variation and the electric field in PMMA, respectively after a long time EB
exposure. If the higher EB current is used, the higher electric field is obtained after their
saturation, but it is found that although the EB current varies 100 times, the final charge
density and the electric field does not change so much.
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Fig.1 Charge distribution in no-charged PMMA. Fig.2 Energy deposition in no-charged PMMA.
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Fig.3 Saturated charge distribution for different current.  Fig.4 Saturated electric field in PMMA.

Because the energy deposition by incident electrons shows its peak at the middle of the
electron range, the EBIC brings electrons toward the inverse direction of the electric field.
Although the electron deposition is very low at the end of the electron range, since the
energy deposition is low, electrons are almost impossible to move farther from the
deposited position, and the electrons are accumulated at the end of the electron range.
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