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of experimental platform
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Fig.2 The voltage across the thyristor and
current flowing through the thyristor
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Fig.3 Voltage across the thyristor during
the reverse recovery period
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Fig.4 Waveforms of thyristor characteristic
parameters measurement results
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Fig.5 Voltage and current of G, after
single pulse impact
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Table 1 Characteristic parameters of
G, during pulse impact
et 24 N=0 N=5000  N=10 000
Q./nC 1 017.4 1023.2 1 005.8
Vo/V 1.88 1.88 1.88
Uy/V 1.42 1.42 1.41
Iy/mA 111.6 109.9 110.5
I/ mA 24.6 25.2 23.7
I;,/mA 11.2 11.1 11.7
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Fig.6 Voltage and current of G, after
single pulse impact
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Table 2 Characteristic parameters of
G, during pulse impact

RS H N=0 N=150
Q./nC 908.5 901.2
Vo/V 1.96 1.96
Uy/V 1.44 1.43
I,/mA 109.8 108.9
I/ mA 17.6 I
I;,/mA 17.3 S0
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Fig.7 Leakage current and test voltage of
G, after pulse impact
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Fig.8 Voltage and current of G, after
single pulse impact
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Table 3 Characteristic parameters of
G, during pulse impact

Ft S50 N=0 N=5000  N=10 000
0./pC 893.4 897.7 885.6
Vo/V 1.92 1.93 1.92
Uy/V 1.26 1.25 1.25
I;/mA 114.5 113.7 112.8
I,/ mA 17.9 18.2 16.3
I,/ mA 6.8 7.1 6.4
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Fig.9 Voltage and current of G, after
single pulse impact
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Fig.10 Voltage and current of G, under block
ability degradation after pulse impact
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Table 4 Characteristic parameters of
G, during pulse impact

S8 N=0 N=163
Q./nC 928.4 927.7
Vi/V 1.90 1.90
Up/V 1.53 1.52
I3/mA 142.8 138.9
I,;/mA 15.8 PI
I,,/mA 14.2 L3z ]
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Fig.11 Voltage and current of G, after

single pulse impact
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Table 5 Characteristic parameters of
G, during pulse impact

H S8 N=0 N=5000  N=10 000
0./pC 898.4 895.4 888.6
Vo/V 1.93 1.92 1.92
Uy/V 1.25 1.25 1.25
Iy/mA 113.7 112.4 112.8
I/ mA 14.4 15.8 13.9
I,,/mA 11.5 10.6 12.4
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Fig.12 Voltage and current of G, after
single pulse impact
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Failure analysis of high voltage thyristor under impulse

during reverse recovery period
YE Mingtian' , PANG Lei', ZHANG Qiaogen', TAO Fengho®, XU Jiangang’

(1. School of Electrical Engineering,Xi'an Jiaotong University,,Xi'an 710049, China;2. State Grid Jiangsu Electric Power
Co.,Ltd. Research Institute,Nanjing 211103, China;3. State Grid Jiangsu Electric Power Co.,Ltd.,Nanjing 210024, China)
Abstract: To acquire the characteristic parameters which demonstrate the state of high voltage thyristor for clarifying its failure
mechanism, an experiment platform which can not only generate high voltage pulses to thyristor at different moments during
reverse recovery period, but also accurately measure its key characteristics is established. The change of characteristic
parameters during the pulse impact process is studied,and the disassembly of the degraded and failed thyristors is analyzed. The
results show that the damage of the thyristor can be mainly manifested as the reduction or loss of its blocking ability undertake
voltage pulses in the middle of the reverse recovery period. Leakage current can be used as a characteristic parameter to
estimate the state of the thyristor. For thyristors undertake voltage pulses in the beginning and middle of the reverse recovery
period , obvious breakdown spot can be seen on the silicon wafer surface. Obvious breakdown points can be seen on the device
chips that have been impacted and failed in the early and middle reverse recovery period. Circular spots formed by thermal
stress can be seen on the device chips that are impacted in the middle of the reverse recovery period and have degraded
blocking ability. Reverse recovery avalanche breakdown flash marks can be seen at the junction between the edge of the device

chip and the insulating rubber that have been impacted and failed at the end of the period.
Keywords: hich power thyristor; voltage impulse; reverse recovery; failure analysis; characteristic parameters ; performance

degradation
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