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Chapter 022

The possibility of utilizing scanning electron microscope for
materials characterization

Agus Geter Edy Sutjipto,
Kulliyyah of Engineering — International Islamic University Malaysia

B4 : agus .7 :lum.edu.my

Keywords: MgO, surface breakdown, SEM, charging

Abstract: This chapter introduces the use of a scanning electron microscope (SEM) to
evaluate the insulation property of insulators under electron bombardment. An SEM may be
used not only to observe a surface image but also to provide a fine electron beam for charging
an uncoated-insulator surface at once. The distribution of electric field created by the surface
charging can be developed by a simple model. The increase of electric field at the surface
may exceed a critical value and a surface breakdown/flashover can occur. An insulation
property is evaluated by varying the extended period of charging/electron bombardment
which is needed to initiate a treeing-formation (hereinafter time to tlashover treeing/TTF). In
this chapter, under a certain SEM operating voltage and magnification, varying SiO, addition
into a high purity MgO has resulted in different 77F. Therefore, this method can be used to
evaluate the insulation property of insulators those are exposed in electron beam
environment.

Introduction

The ability of insulators to withstand a high voltage is of great importance in modern
technology. The phenomenon involves surface charging, discharging and flashover (dielectric
breakdown), resulting the instrument damage and material degradation. Flashover
phenomenon has been studied for many years and it is believed that a flashover is initiated
from triple junction of metal, insulator and vacuum [1]. A number of experimental [2,3] and
theoreritical works [4,5] stressed the leading role of the surface charge accumulation on the
flashover. Electron bombardment is often used to make charge accumulation on the surface
of insulator. Electrons produced in an SEM are possible to be controlled in their parameters:
the implantation depth and the dose rate by adjusting, respectively, the primary beam energy
Ey and the primary beam current /.

The use of an SEM for investigating surface charging and discharging is reported
somewhere [4]. Subsequent breakdown has been observed by measuring secondary electron
and specimen current. [t should be emphasized that breakdown is confined near the dielectric
(subsurface) and is not dielectric to metal or metal to metal. The incubation of an
accumulated charge at submerged layer until occurring discharge (breakdown) was used to
evaluate insulation property in space craft dielectrics (i.e. Kapton, Milar, and Teflon).
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