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Abstract: IGBT (insulated gate bipolar transistor) have received wide attention because of their high
current conduction and good switching characteristics. To reduce the power loss of IGBT, the on state
voltage drop should be lowered and the switching time should be shorted. However, there is Trade-off
between the breakdown voltage and the on state voltage drop. To achieving good electrical
characteristics, field stop IGBT (FS IGBT) is proposed. In this paper, 1,200 V planar gate non
punch-through IGBT (planar gate NPT IGBT), planar gate FS IGBT and trench gate FS IGBT is
designed and optimized. The simulation results are compared with each three structures. In results, we
optain optimal design parameters and confirm excellence of trench gate FS IGBT. Experimental result by
using medici, shows 40% improvement of on state voltage drop.
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Fig. 1. Structure of planar gate NPT IGBT and electric
field of forward-blocking state.
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Fig. 2. Structure of FS IGBT and electric field of
forward-blocking state (a) planar gate FS IGBT, (b)

trench gate FS IGBT.
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Table 1. Basic NPT IGBT parameters for simulation.
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Table 2. The electrical characteristics according to JFET
dose.
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Table 3. Final 1,200 V

parameters for simulation.
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Fig. 6. Final structure of 1,200 V planar gate FS IGBT.

Table 4. Final 1,200 V planar gate FS IGBT parameters
for simulation.

Parameter

Dose 8.0e13 cm

P Base Energy 80 KeV
Depth 2.5 um ‘
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Fig. 7. Final structure of 1,200V planar gate FS IGBT.
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Table 5. Final 1,200 V trench gate FS IGBT parameters

for simulation.

Parameter

Dose 8.0el3 c¢cm>

P Base Energy 80 KeV
Depth 2.5 um

Dose 1.0el12 c¢cm™>

N JFET Energy 100 KeV

Depth 4.0 um

P+ Collector

Dose 1.0el5cm ™
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Table 6. Final 1,200 V planar gate FS IGBT parameters

for simulation.

Vth Von BV
Planar NPT IGBT 55V 235V 1,425 V
Planar FS IGBT 55V 155V 1,458 V
Trench FS IGBT 51V 133 V 1,459 V
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Fig. 10. Simulation results to planar NPT VS planar FS
VS trench FS IGBT (a) breakdown voltage, (b) on state

voltage drop.
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