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In this work, we report detailed current saturation mechanism of the miniaturized IGBTs and shows solutions 

to keep the saturation current sufficiently low, even if 15V gate voltage is used. There are two saturation 
mechanisms which result in two inflection points of the current saturation characteristics of the miniaturized 
IGBTs. Based on our findings, there are two ways to suppress the saturation current increase. One is decreasing 
the lateral P-base resistance under the N+-Emitter. The other is decreasing the hole current density. 
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Fig. 1 Current saturation characteristics of 
miniaturized IGBTs 
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Fig. 2 Doping concentration, Electric field and 

Electron velocity at the channel 
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Fig.3 Surface structure and hole current stream line 
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Fig. 4 Electron current density along cutline A-B at 
Vce=8V and 18V 
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Fig. 5 Electron current density and electrostatic 
potential along cutline C-A 
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Fig. 6 Doping concentration and electric field at center 
of mesa region 
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Fig.7 Schematic diagram of surface pattern with half N+ 

emitter 
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Fig. 8 Current saturation characteristics of 

conventional and proposed miniaturized IGBTs 
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Fig. 9 Current saturation characteristics of IGBT with 

flat-profile P-base region 
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Fig. 10 Current saturation characteristics of IGBT 
with trench contact 
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