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Fig.2 Flow chart for fabrication of particle
—filled epoxy resin composite film.
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Fig.3 Schematic illustration of compoéite films
for resistivity measurements.

1012II_|17'III|IIII|IIIII_[I171

10" '

1010
109
108

107

Surface resistivity, (/01)

108

105 ~ <

104L1]11L1illlllllllllllIl
4 6 8 10 12 14 16

Filler, (vol %)

Fig.4 Composition dépendence of the surface re
sistivity for composite films at 25°C



12

10'2= S S —
10} .,
< 3
=~
N
-4
S 107 4
N
A
S
O 10° 4
10-5< el 0l el ‘
0.1 1 10 100
Voltage | V
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Fig.7 The current versus time behavior of the
composite thin films with an applied electric
field of 900V. The current switching behavior
imediately after the bias is applied is due to the
PTCR effect. The start of the progressive
current increase is observed after
approximately three seconds. Subsequently,
explosive current development occurs, leading
to breakdown.
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Fig.8 Successive images showing the thermal
-electrical breakdown behavior of the composite
thin films at 900V. The time intermavl for one
image was 1/60s. The hot spot first begins in the
negative electrode thin film interface region. The
spot grows as a function of time on one of the
percolative conduction pathways.
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Fabrication of ceramic membrane applying a high voltage on conductive

filler loaded epoxy matrix composites.

Akira KISHIMOTO
Institute of Industrial Science, University of Tokyo
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Summary

We present the first observations of thermal-electrical breakdown in disordered
conductor-insulator composites with a high electric field. This differs from simple
electrical breakdown governed by local heat. When a large current flows through the
most conductive pathway in a composite, the construction of the current at the most
electro-resistive point in the pathway increases the Joule heat dissipation, and a
localized thermal-electrical domain or hot spot appears on the compésite.

The hot spot clearly begins in one of the metallic electrode/material interface
regions. The spot grows with time, following a zigzagging percolative conduction
pathway. Finally, when the hot spot connects both electrodes it acts as an electric
filament through the film and the remarkable visible light emission is observed. The
thermal-electrical breakdown of the disordered conductor-insulator composite results
from the local conductivity; the hot spot starts at the most resistive point on one of the

most conductive pathways and the breakdown progresses as the hot spot evolves.
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