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Improvement of Electrical Characteristics of Vertical NPT Trench Gate IGBT
using Trench Emitter Electrode
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Abstract

In this paper, Trench emitter electrode IGBT structure is proposed and studied numerically using the
device simulator, MEDICI. The breakdown voltage, on-state voltage drop, latch up current density and
turn-off time of the proposed structure are compared with those of the conventional trench gate
IGBT(TIGBT) structures. Enhancement of the breakdown voltage by 19 % is obtained in the proposed
structure due to dispersion of electric field at the edge of the bottom trench gate by trench emitter
electrode. In addition, the on-state voltage drop and the latch up current density are improved by 25
%, 16 % respectively. However increase of turn-off time in proposed structures are negligible.
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Table 1. Breakdown voltage & on-state voltage
drop according to N-drift region
thickness.

No N thickness BV Vce,sat
(gm) (V) \Y%
1 180 1120 2.41
2 170 1092 2.26
3 160 1074 2.12
4 150 1036 2.00
5 140 987 1.90
6 130 929 1.77
7 120 351 1.66
8 110 765 1.56
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Fig. 2. Breakdown voltage according to N-drift
region thickness.
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Fig. 4. Typical output characteristics of IGBT.
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Table 2. Design parameter for simulation.
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Fig. 5. Forward blocking voltage characteristics
of conventional and proposed structures.
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