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Improving Surface Insulation Ability by Controlling Charging in Vacuum
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This paper describes the method that controls the surface charging of a solid insulating spacer used in
vacuum. Vacuum environment is used for various kinds of electrical and electronic apparatus and most of
them suffer from the electrical insulation along solid dielectrics. The insulation length of such dielectrics
varies from some hundreds of microns up t01000mm depending on the apparatus. From the view point of
electrical insulation in vacuum, the weakest point resides on the surface; the discharge along insulator
surface. The surface discharge in vacuum is triggered by charging of the surface, and it is thus important to
suppress such charging. The first section of this paper emphasizes the importance of studying surface
discharge in vacuum and briefly reviews the theoretical basis of the charging of insulators as well as
flashover mechanisms in vacuum. In the second section we introduce the promising mechanism that explains
surface charging in vacuum. In the third section several methods for controlling surface charge accumulation
developed so far by many researchers are introduced. In the later sections we introduce our recent theoretical
and experimental studies that demonstrate effectiveness of surface treatment of an insulator to suppress
charging and to improve its insulation strength.
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fig 1. Secondary electron emission curve of an insulator.
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electron emission rates for insulation materials.

Orax  Asmax (€V) €,
510, 29° 400 36
PMMA 23" 240 3-4
PTFE 2.1 400 2
ALO, 57% 082k 9

*1; Seiler, *2; Burke, 3; Burke, 4; Kawai et al.
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fig 5. An example of charge measurement when a cylindrical
insulator is subjected to a ramped voltage.
(PMMA with smooth surface. 54mm ¢, 10mm length.)
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fig 10. Probe signal showing that the charging is suppressed
by adding frustums at both ends.
(AC voltage application. PMMA, h=10, h,=3.)
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