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Theoretical Evaluation of Electrostatic Properties of
Thin Materials with Grounded Backing Conductor®

by Atsushi OHsSAWA™*

Abstract: This paper derives analytical expressions for surface potential distributions on thin materials
having a grounded backing conductor from using the model of a distributed resistor-capacitor network.
In this paper, their steady-state and transient solutions for disk and rectangular thin materials are
applied for determining the resistance to ground and charge relaxation, which characterize their
antistatic properties.

Thin materials having a grounded backing conductor are often found in industry, such as floors,
sheets on desks or stocking shelves, liners and paints on metal surfaces, etc. The static charges
of the materials themselves and an object on them (e.g., a human body on a floor) introduce
electrostatic hazards and troubles in many fields of manufacturing industries. To prevent such hazards
and troubles, many types of antistatic materials have been developed. However, there are sometimes
problems that some of them are ineffective for reducing the charges. For example, materials, of
which only surface resistance is as low as specified for the antistatic, cannot reduce the charge.
To evaluate antistatic materials we usually measure their resistances and sometimes charge decay
time is additionally measured in accordance with any standard method. The analytical solutions of
resistance and charge decay, therefore, may be useful to discuss such measured results.

Consequently, the analytial expressions demonstrate that both the resistance and charge relaxation
as well as the surface potential distribution strongly depend on p+/(p.d ), that is, the ratio of surface
resistance to volume resistance per unit square area, where ¢ . thickness of the material, ps . surface
resistivity, p. - volume resistivity. Since the solutions are expressed by the functions of the surface
and volume resistivities, permittivity and dimensions, the solutions are meaningful for evaluating and
designing antistatic materials.

Keywords; Circuit network model, Electrostatic hazards, Antistatic materials, Surface potential,
Resistance to ground, Charge relaxation
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Fig. 1 Equivalent circuit models.(a) Equivalent network for disk materials having a grounded backing conductor and

(b) small segment of equivalent circuit for rectangular materials on a grounded conductor.
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Fig. 2 Coordinates and subdivided regions for the
potential calculation of rectangular materials.
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Fig. 3 Steady-state potential distributions on disk
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