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A Study on the Breakdown Voltage Characteristics with Process and Design
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Abstract

In this paper, effects of the trench angle(f#) on the breakdown voltage according to the process
parameters of p-base region and doping concentrations of n-drift region in a Trench Gate IGBT
(TIGBT) device were analyzed by computer simulation. Processes parameters used by variables are
diffusion temperature, implant dose of p-base region and doping concentration of n-drift region, and
aspects of breakdown voltage change with change of each parameter were examined. As diffusion
temperature of the p-base region increases, depth of the p-base region increases and effect of the
diffusion temperature on the breakdown voltage is very low in the case of small trench angle(45 °) but
that is increases 134.8 % in the case of high trench angle(90°). Moreover, as implant dose of the
p-base region increases, doping concentration of the p-base region increases and effect of the implant
dose on the breakdown voltage is very low in the case of small trench angle(45°) but that is
increases 232.1 % in the case of high trench angle(90°). These phenomenons is why electric field
concentrated in the trench is distributed to the p-base region as the diffusion temperature and implant
dose of the p-base increase. However, effect of the doping concentration variation in the n-drift region
on the breakdown voltage varies just 9.3 % as trench angle increases from 45° to 90°., This is why
magnitude of electric field concentrated in the trench changes, but direction of that doesn’t change. In
this paper, respective reasons were analyzed through the electric field concentration analysis by
computer simulation.
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Table 2. Depth of the p-base region with the
various diffusion temperature.

il 22(T) 1040 1070 1100

P& djo] A o o
’ 1] Rl Y 338 4.48
Z o) (gm)
51{
200/m
(@} n- drift region
—
J
p+ collector 10/
TE——.
15m
a8 1. &= FE,
Fig. 1. Device structure.
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Fig. 4. Potential contours with the various

diffusion temperatures of the p-base
region and trench angles.
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doping concentrations of the n-drift
region and trench angles.
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