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Abstract: High voltage power module packaging insulation endures unipolar electric stress, but its space charge
phenomenon has never been paid enough attention. The space charge behavior and trap energy distribution of
silicone material for packaging were investigated at various temperatures in this paper. The space charge and
isothermal relaxation current of silicone samples were tested at 40, 60, and 80°C under the applied electrical field
from 3 to 15 kV/mm by simultaneous measurement system of space charge and trap energy states. The results
show that the space charge accumulation is getting worse with the increase of temperature and applied field. There
are charges with the same polarity accumulated near the electrode, which distorts the local electrical field
distribution. Furthermore, a modified isothermal relaxation current analysis method based on non-negative least-
squares iterative algorithm was proposed, and the depolarized relaxation currents at various temperatures were
analyzed to provide the trap energy distribution from 0.8 to 1.2 eV, which was beneficial for understanding the
mechanism of space charge behavior. The accumulation of space charges results in local field distortion, and the
distorted field can cause partial discharge and insulation failure of packaging. Therefore, it is suggested that the
space charge problem should be taken into account at packaging design of high voltage power modules.
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space charge at various temperatures
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Fig.5 Spatial and temporal distribution of

electric field at various temperatures
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