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Abstract: Recently, the global demands for high voltage power semiconductors are increasing across various industrial fields.
The use of electric cars with high safety and convenience is becoming practical, and IGBT modules of 3.3 kV and 1.2 kA or
higher are used for electric locomotives. Delicate design and advanced process technology are required, and research on the
optimization of high-voltage IGBT parts is urgently needed in the industry. In this study, we attempted to design a simulation
process through TCAD (technology computer-aid design) software to optimize the process conditions of the fielding process
among the core unit processes for an especial high yield voltage. As well, the prior circuit technology design and a ring pattern
with a large number of ring formation structures outside the wafer similar to the chip structure of other companies were
constructed for 3.3 kV NPT-IGBT through a unit process demonstration experiment. The ring pattern was designed with 21 rings
and the width of the ring was 6.6 um. By changing the spacing between patterns from 17.4 pm to 35.4 um, it was possible to
optimize the spacing from 19.2 um to 18.4 um.
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Fig. 1. Schematic design of chip structure.
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Fig. 2. Fabrication procedure of oxide ring pattern on a Si wafer.

Fig. 3. Split test conditions for ring pattern simulation.
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Fig. 4. Simulation results of ring pattern process. Fig. 5. Schematic diagram of optimal field ring structure.
Table 1. Compare of TEG 5 and 14 (width and space, unit: um).
TEG 5 TEG 14 TEG 5 TEG 14
Ring Width Space Width Space Ring Width Space Width Space
1 7.6 19.4 6.6 19.2 2 7.6 16.4 6.6 17.4
3 7.6 17.4 6.6 18.4 4 7.6 18.4 6.6 19.4
5 7.6 19.4 6.6 20.4 6 7.6 19.4 6.6 20.4
7 7.6 20.4 6.6 21.4 8 7.6 20.4 6.6 22.4
9 7.6 20.9 6.6 229 10 7.6 22.4 6.6 24.4
11 7.6 23.9 6.6 259 12 7.6 24.4 6.6 26.4
13 7.6 25.4 6.6 27.4 14 7.6 26.4 6.6 28.4
15 7.6 25.4 6.6 29.4 16 7.6 26.4 6.6 30.4
17 7.6 27.4 6.6 31.4 18 7.6 28.4 6.6 324
19 7.6 29.4 6.6 33.4 20 7.6 30.4 6.6 34.4
21 7.6 31.4 6.6 354
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Table 2. Optimal field ring structure.

Ring 1 2 3 4 5 6 7 8 9 10
Width (um) 6.6 6.6 6.6 6.6 6.6 6.6 6.6 6.6 6.6 6.6
Space (um) 19.2 17.4 18.4 19.4 20.4 20.4 21.4 22.4 22.9 24.4

Ring 11 12 13 14 15 16 17 18 19 20
Width (um) 6.6 6.6 6.6 6.6 6.6 6.6 6.6 6.6 6.6 6.6
Space (um) 25.9 26.4 27.4 28.4 29.4 30.4 314 324 334 344
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