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Circuit Simulation Method for Insulated-Gate Bipolar Transistor Short-
Circuit Operation with High Accuracy

NE B A 54 Z2H BEA Tk BN
Takaya OZAWA Takao YAMAMOTO Hiroto SUGIURA Yosuke KONDO

In this paper, we propose a novel method to improve the circuit simulation accuracy of insulated-gate
bipolar transistor (IGBT) power devices under a short-circuit state. To determine the IGBT junction
temperature, the transient thermal resistance of an IGBT device on the order of microseconds is estimated
by transient thermal simulations. The saturation current without self-heating effects is estimated based
on a short-circuit test and the transient thermal resistance. The IGBT SPICE parameter is extracted
from the saturation current characteristics during the short-circuit state. The coupled electrical-thermal
simulations with the SPICE model and thermal resistance model are applied to several short-circuit
evaluations with different parasitic impedance and gate driving conditions, and the results are consistent
with the measured current and voltage waveforms.
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short circuit, circuit simulation, SPICE, IGBT, saturation current, transient
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Fig. 11 Device temperature dependence of collector
current
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Fig. 13 Gate-emitter voltage dependence of collector
current
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Table 2 Short circuit test conditions for each
measuring instruments

Instrument Tester A Tester B 1M
Amibiem . .
Ta 25 °C 160 °C 25°C
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{ Twrn-0 side) ’ current 0.9 A
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(Tum-OFF side) | #** N
Stray inductance 3 18 nH 00 nH 26mH
Parusitic resistance | R, 20 mid 10 mil 10 mdl
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Fig. 15 Short circuit test measured by tester A
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Fig. 17 Short circuit waveform measured by IPM

Table 3 Error between measurement and simulation

result
Instrument Tester A Tester B M
1251535V
Gate voltage Voate ) 1.5V 157V
0.5V increments
Short circuit
[ < 4% 4.1% 1.6%
CRETZY CITOr
Peak currem
I < 5% 4.5% 7.5%
crmor
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