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Abstract: An IGBT (insulated gate bipolar transistor) device has an excellent current-conducting capability. It has
been widely employed as a switching device to use in power supplies, converters, solar inverters, and household
appliances or the like, designed to handle high power. The aim with IGBT is to meet the requirements for use in
ideal power semiconductor devices with a high breakdown voltage, an on-state voltage drop, a high switching speed,
and high reliability for power-device applications. In general, the concentration of the drift region decreases when
the breakdown voltage increases, but the on-resistance and other characteristics should be reduced to improve the
breakdown voltage and on-state voltage drop characteristics by optimizing the design and structure changes. In this
paper, using the T-CAD, we designed the NPT-IGBT (non punch-through IGBT) and FS-IGBT (field stop IGBT)
and analyzed the electrical characteristics of those devices. Our analysis of the electrical characteristics showed that
the FS-IGBT was superior to the NPT-IGBT in terms of the on-state voltage drop.
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Pitch

| Gate Width | N
Gate tmiter | Classification Size
Oxide
B Gate (N.poly) 1.25 pm
Pitch 6.5 um
P-base dose  6x10" cm?
N-Drift N+ Emitter width 1 um
Depth Depth
Gate oxide 950 A
Total depth 320 pm
7 N-Epi resist 63.5 Q
P coleco MR N-Epi depth  319.5 um

P+ depth

Fig. 1. The structure and parameters of planar gate type NPT-
IGBT parameter.
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Fig. 2. The breakdown voltage characteristics of 1,800 V non
punch through IGBT.
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Fig. 3. The threshold and on state voltage drop characteristics
of NPT IGBT according to P—base dose.
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Fig. 4. The threshold voltage characteristics of NPT IGBT.
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Fig. 5. The on state voltage drop characteristics of NPT IGBT.
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Fig. 6. The structure of planar gate type field stop IGBT.
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Table 1. The parameters of planar gate type field stop IGBT.

Classification Size Classification Size
Gate width 4.25 um Buffer 1 um
Pitch 6.5 um P-+substrate 0.5 um
P-base dose 7.5x10" cm®  Total depth 320 um
Emitter width 5.5 um N-epi resist 60.1 Q
N+ emitter width 1 um N-epi depth 318.5 um
Gate oxide 900 A
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Fig. 7. The breakdown voltage characteristics of field stop IGBT.
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Fig. 8. The breakdown and on state voltage drop characteristics
of field stop IGBT according to epi resist.
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Fig. 9. The threshold voltage characteristics of field stop IGBT
according to P base dose.
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Table 2. The comparison of threshold voltage, breakdwonvoltage
and on state voltage drop of NPT IGBT and filed stop IGBT.

Vth BV
421 V
411 V

Vce-sat
1,818 V 410 V
1,811 V 401 V

NPT Planar IGBT
FS Planar IGBT
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