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Research on growing model and suppression methods of electrical tree in
silicone gel with low dielectric constant and loss

ZHANG Chuang, ZHANG lJingcheng, AN Ruomeng, LIU Zixi,
GUO Lingqi, WANG Shihang, LI Shengtao”

(College of Electrical Engineering, Xi'an Jiaotong University, Xi'an 710049, China)

Abstract: As one of the critical insulating materials with low dielectric constant and low dielectric loss for high-voltage and
high-power semiconductor devices, silicone gel is highly prone to electrical treeing degradation due to severe operating
conditions of high frequency, high voltage, and elevated temperatures. However, existing researches have no enough
comprehensive investigations into the growing models and suppression methods of electrical tree in silicone gel, impeding
further advancement in high-voltage and high-power devices. This paper established a growing model for electrical tree in
silicone gel based on the theory of bond-breaking and self-healing, and validated the accuracy of the model through
electrical tree growth and inhibition experiments under high-frequency sinusoidal and bipolar square wave voltage. The
results demonstrate that the bond-breaking rate (R,) and self-healing rate (R,) collectively regulate the development of
electrical tree in silicone gel as the voltage application time increases: when R, >>R, electrical tree grows rapidly; when R, is
slightly greater than R, electrical tree exhibits slow growth; when R <R, electrical tree propagation stagnates. It is indicated
that electrical tree in silicone gel under high-frequency sinusoidal or square wave voltages exhibit a stepped propagation
characteristic, which aligns with the proposed model. Furthermore, combined with existing data in literature, it is further
illustrated that the proposed growth model of electrical trees in silicone gel can be universally applicable to the scenarios
driven by different driving factors such as voltage waveforms and temperatures. A method of doping ultraviolet absorber
into silicone gel is proposed to suppress electrical tree development. The effectiveness of this method is confirmed through
discharge luminescence spectroscopy and laser confocal fluorescence microscopy characterization. This study provides
theoretical foundations and experimental references for the further development of high-voltage and high-power
encapsulation insulation.
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Fig.1 Self-healing phenomenon of silicone gel
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Fig.3 Test platform of electrical tree in silicone gel
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Fig.4 Fitting results of electrical tree length in

silicone gel under high frequency voltage
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Table 1 The goodness of fitting of electrical tree growth

models under different voltage waveforms

S0 K AF R S8 K AF R
0.5 kHz 0.89 30 kHz 0.75
1.0 kHz 0.90 10 kHz-SW 0.90
10 kHz 0.95 15 kHz-SW 0.92
15 kHz 0.93 30 kHz-SW 0.93
20 kHz 0.96 — —
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Table 2 Main parameters of silicone gel related to electrical

treeing characteristics
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Fig.5 Fitting results of electrical tree length in silicone

gel in references
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Table 3 The goodness of fiting of electrical tree growth

models in references

S AT R S %A R
50 Hz-120 ns @ 0.89 5kHz © 0.89
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13kV® 0.90 20 kHz @ 0.98
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Fig.6 Laser confocal imaging of electrical trees in silicone
gel with different contents of ultraviolet (UV) absorbers under
bipolar square wave voltage of 5 kV and 10 kHz
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Fig.7 Statistical process of the size of electrical tree region in
laser confocal images
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Fig.9 Spectra of discharge in electrical tree channels in
silicone gel with different contents of UV absorbers
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