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Summary
A simple and low-cost apparatus to nondestructively measure the
surface electric potential of electrets was built and tested. The apparatus
consisted of a vibrating electrode connected to an oscilloscope and a fixed
electrode on which a sample ceramic pellet was placed. The fixed electrode
was connected to a variable voltage supply. Measurement is achieved by
adjusting the bias voltage so that output sinusoidal AC wave observed on

the oscilloscope becomes null.
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Introduction

Kelvin probe, so named after
famous English physicist Lord Kelvin
who first proposed this method back in
19t century, is for measuring surface
charge, mostly electrostatic, and has
undergone tremendous improvement
during the past century(1). Numerous
devices have been reported and some of
them have been commercially available,
although quite expensive. The method
itself is basically rather simple and quick
to operate, and best of all, non-
destructive.

The principle of Kelvin probe is
based on the theory of electric
capacitance represented by a simple
equation, C = ¢A/d, where C is

capacitance; ¢, dielectric constant; A, the
area of the electrode; d, distance between
the electrodes. As the vibrating electrode
vibrates against the surface of the
sample placed on a fixed electrode, C
changes accordingly, e and A being
constants. Following another classic
equation, Q = CV, the changes in C are
reflected as changes in electric current
flowing through a load resistor connected
between the two electrodes. With the
electrode vibrating at frequency, f, the
final equation to represent electric
current I is as follows:

I=-V,eA(d,, 2nf cos2nf't)/(d,+d sin2mft)?,
where d, is distance; d_, vibration width;
f, frequency; A, area; I, current; V,
surface voltage.
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Fig 1. Outline of a surface potential measuring set-up.

Results and Discussion

Several different types of
electrodes and amplifier circuits have
been constructed and tested. The latest
version consists of a vibrating electrode
driven by a small audio speaker, a fixed
electrode, and current-to-voltage
converter circuit connected to an
oscilloscope. The fixed electrode, on
which a pellet of electrets is placed, is
connected to a variable DC bias circuit.
Measurement is achieved by adjusting
the bias voltage so that output sinusoidal
AC wave observed on the oscilloscope
becomes null. This particular bias is
supposed to be surface voltage of the test
sample. The validity of the measurement
has been confirmed by using button-type
batteries of 1.5-volt and 3.0-volt types.
Since then, the instrument has been in
use routinely. Most of polarized
hydroxyapatite (HA) pellets(2), calcite
and HA-coated titanium alloys have been
successfully measured so far. Since then,
the instrument has been in use
routinely(3).
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