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ABSTRACT: Due to the inherent parasitic inductances in
power devices caused by chip packaging and circuit design,
issues such as gate signal oscillations and increased electrical
stresses frequently occur. While complete elimination of
parasitic inductance remains impractical, effective utilization of
the energy stored in these inductances offers a more viable
approach to controlling power device switching transients. This
paper presents a comprehensive parasitic inductance model for
power devices and packaging using a distributed parameter
coupling extraction method. The energy interactions within
parasitic inductors are analyzed through an instantaneous
energy integration approach. Novel energy transfer branches
are proposed to facilitate both energy transfer across parasitic
inductors and the shunting of displacement currents induced by
dv./dt enabling independent control of voltage and current
slopes. This technique achieves simultaneous optimization of
switching losses and electrical stresses without requiring
high-cost components. Experimental validation is conducted
using IGBT device IKW75N60T in a double-pulse test setup,
demonstrating significant performance improvements: 12.0%
reduction in current overshoot, 14.5% reduction in voltage
overshoot, along with 4.16% and 7.6% reductions in turn-on
and turn-off losses respectively. The proposed method provides
an effective solution for managing switching transients while

maintaining cost efficiency in power electronic systems.

KEY WORDS: parasitic inductance; energy; electrical
stresses; switching losses; slope of voltage and current
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Fig. 1 Parasitic inductance distribution of

discrete power devices
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Fig. 9 Relation between collector current change rate and

resistance R, during turn-on stage
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Fig. 10 Relation between voltage change rate and

resistance R, during turn-on stage
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Table 2 Other related design parameters of EGD

ZH Bl S il

EJE ViV 15 Qs FEFRHPH Ry/Q 100
FUE ViV -8 Q4 FEMRHEPE Ry/Q 100

Q) MR FIPHE R1/kQ 1 R5/Q 50
Qy FERRHLPH Ry/kQ 1 C3/pF 100

®3 IEMRRE

Table 3 Experimental test equipments
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Fig. 12 Double pulse test
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Fig. 13 Comparison of waveforms of
EGD and VGD during turn-on stage
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Fig. 14 Comparison of waveforms of
EGD and VGD during turn-off stage
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