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Influence of Ozone on Insulation Deterioration of Wiring
Board Composed of Organic Materials™

by Tatsuo MoToYyAMA** and Kenji ICHIKAWA**

Abstract: Ozone generated by switching discharge reacts with wiring board surface composed of
organic materials and changes their hydrophobic characteristic to hydrophilic. So, the insulation
between the tracks becomes deteriorated.

This paper describes the insulation deterioration on wiring board surfaces composed of organic
materials caused by ozone.

Two kinds of wiring boards were tested. One was a glass-reinforced epoxy resin board with copper
tracks and the other a phenolic resin board with filler and copper tracks. They were exposed to ozone
at levels between 0.5~1.5 ppm, 10~17 ppm and 45~55 ppm, for 24, 120 and 240 hours and at a
constant temperature of 20°C. The contact angles of water of the wiring boards were measured in
ambient condition and their surface resistances measured in a vessel at 65, 80 and 95% RH. The
temperature was kept constant at 40°C.

The experimental results are summarized as follows:

1) Contact angle of water (8), concentration of ozone (C) and exposure time (H) were related by
the following equation, provided that D is greater than zero.

6= — D -log(C x H)
2) The surface resistances between the tracks decrease with increasing ozone concentration and
exposure time. In the case of the glass-reinforced epoxy resin board, which was exposed to ozone at 45
~55 ppm for 120 hours, its value of surface resistance measured at 40°C/95% RH was approximately
100 times less than the value measured at 0 ppm ozone concentration.
3) Surface resistance (Rs) between the tracks of the glass-reinforced epoxy resin board was approx-
imated by the following equation, provided that I is greater than zero.

R,= F/(C x H)

Keywords; Wiring board, Insulation deterioration, Surface resistance, Contact angle, Ozone,
Humidity '
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Table 1 Estimated value of concentration of ozone
generated by opening and closing discharge of
contact.

A4 v FORBAICE 2TV - EEEOHTEE

Measuring condition

Contact

Toggle switch
Circuit voltage and current

100 V, 715 A
Number of repetition of opening and closing
operation of contact

200

Volume of vessel containing the contact

about 500 m?

Reading value of gas detector tube type gas
measuring instrument*
O3 1.5~6.5 ppm
NO3; 1.2~5 ppm

Estimated value of concentration of ozone
generated by one operation of contact in 1 mé
vessel

about 3.75~16.25 ppm

*  Accurate value is lower than reading value
owing to characteristics of its instrument.
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(a) Glass-fiber reinforced epoxy resin

(b) Phenolic resin with filler

Photo 1  Surface between tracks of specimen.
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Fig. 2 Example of fluctuation in concentration of
ozone and humidity in ozone exposure test.

(mean concentration value = 10.3 ppm, ozone
exposure time = 240h)
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Fig. 3  Definition of contact angle of water.
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Fig. 4 Schematic showing of surface resistance measurement. -
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(b) Phenolic resin with filler

Fig. 7 Relation between surface resistance and humid-
ity at 40°C. (ozone exposure time = 120h)
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Fig. 8 Relation between surface resistance and ozone
exposure time at 40°C, 95% RH.
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Fig. 9 Relation between surface resistance and concen-
tration of ozone at 40°C. (ozone exposure time
= 120h)
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Fig. 10 Correlation and linear regression line between
contact angle and amount of ozone exposure.
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Fig. 11 Correlation and linear regression lines between
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