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Fig. 1.  2D structure of IGBT (A) and (B) with edge termination. 
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  We successfully predicted the avalanche energy capability of IGBTs with edge termination structure. We found that 
the current filament is first formed in the deep Pwell region of the edge termination region. Then, the current filament 

gradually moves to the active region. The current filament moves around inside the active cell region and does not return 
to the Pwell. When the local temperature of the current filament exceeds 700 K, a severe latch-up occurs and the device 

fails. We also revealed the difference of two UIS failure modes. The calculated results agreed well with experiments. 
 

IGBT     
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Fig. 3.  Measured UIS waveforms of 1200V class 
IGBT and the measurement circuit. 
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Fig. 2.  Calculated UIS waveform of IGBT 
multi-cells with edge termination structure (A). 
Maximum temperature and electron current density 
of Emitter electrode are shown in the lower figure. 
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Fig. 4.  Current density and lattice temperature distribution during UIS for IGBT (A), when LS=2.0 H. The 
purple allows traces the movement of current filament. 
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Table 1.  CALCULATED RESULT SUMMARY 
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Fig. 6.  Upper figure (a) shows calculated UIS 
waveform of IGBT (B) with higher Collector p+ 
dose. Lower figure (b) shows current density and 
lattice temperature distribution of IGBT (B) at 
t=2.4 s. 
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Fig. 5.  Calculated static IC-VCE curves of active 
IGBT region and edge termination region for 
IGBT(A) and IGBT(B) (VGE=0 V). 
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Fig. 7.  Collector p+ dosage dependence of 
measured avalanche energy of IGBTs. 
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Fig. 8.  Observed failure points of IGBT(B) with 
higher Collector p+ after UIS measurements (n=5). 
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