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Abstract: This paper was proposed the theoretical research and optimal design 3,000 V IGBT for using electrical

automotive, high speed train and first power conversion. To obtaining 3,000 V breakdown voltage, the design

parameters was showed 160 & - cm resistivity and 430 gm drift length. And to maintain 5 V threshold voltage, we

obtained 6.5x10" cm? p-base dose. We confirmed 24 ;m cell pitch for maintain optimal on state voltage drop

and thermal characteristics. This 3,000 V IGBT was replaced to thyristor devices using first power conversion

and high speed train, presently.
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Table 1. Design parameters of NPT IGBT.

Classification Size Classification Size

(ym) (yam)

Cell pitch 20 P+base Width 8.5
Gate Width 10 P+base Depth 0.6
P-base Width 10 JFET Depth 4
P-base Depth 24 P+ Collector Depth 0.5

N+ Emitter Width 1.5 N+ Emitter Depth 0.5

3.54 L]

T T
6.00E+013 8.00E+013

P-base dose

T
4.00E+013 1.00E+014

Fig. 3. The variation of threshold voltage of NPT IGBT.
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Fig. 4. The structure of super voltage NPT IGBT.

Table 2. The basic process condition of super voltage IGBT.

Region Process condition
P-base Dose 6.5x10"”cm?
Energy 80 keV
P+base Dose 3x10"cm™
Emitter Energy 150 keV
Dose 1ex102cm™

JFET
Energy 100 keV
12 2

N+ Emitter Dose 1x10cm

Energy 110 keV

Dose 1x10"cm™

+
P+ Collector Energy 120 keV
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Fig. 5. The breakdown voltage of super voltage IGBT
according to N drift length.
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Table 3. The on state voltage of 3,000 V NPT IGBT.

N-drift region Break Vee, sat OrT state
Resistivity ~ Length down W) resistance
(R cm (1) V) (& - cm)
150 445 3,318 5.6 0.056
160 430 3,274 5.4 0.054
170 445 3,381 5.8 0.058
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Fig. 8. The thermal characteristics according to cell pitch of
3,000 V IGBT.
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