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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 pm to 18.4 pm.

Keywords: High voltage power semiconductor, Process optimization, Ring pattern

==

1. M

A2t st o -2 0] t 2] YreA| S A2 st &

O O AE
75“!‘ —I—T?_]'

2utetol

£ Sang Mok Chang; smjang@dau.ac.kr

Zlegoz AA H2e] YreA Al

ol S5 Fstal ot [1]. 22ju tl2e] 8heA) o]

Copyright ©2023 KIEEME. All rights reserved.

This is an Open-Access article distributed under the terms of the Creative Commons
Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

9]0} ulo]22] SLEA] Fobs olAlE M7l 70l 7148
ofepba] 2k et vt e WEAE Ay Ag



J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 36, No. 2, pp. 158-163, March 2023: Choi et al.

Moz AAY WEARA A A e 2T 221 9)
ou], 215 AA AEY £ ATL st A O2 Fol
AgE T gonz BaFolth 53] AAUEAY HS

A 250 ke 78-14% hEstol AosioA ) HEE 4

9lolA o}% Fadt %% gegsin sl (2],

J =9k e A (insulated gate bipolar transistor, IGBT)

U gdel 100 V ol ol ALt AR R7H 1A ol el A
AHE FAsHE 7102 el 9ot (3] 58] Al o

A19] QIH{E] At Holofl A 600~1,700 V o]5te] A3 A
A7t AFR R QI oL, £ 2.5 kV o] 4] AAtof thgh it
7F &Sty [4].

IGBT+= w27 £17]19] 555 &5 stAY 2 4T
=8 4 UAE oA 1Y A HtEA =N £ 2
REAE, A7|AFSAL, AU AGAI AR, AR A A] 5
HiAd, olojzd 59 QAW E Y W E o AR F T Al
AMCZ TG AT A Q] Q= Thgeh Ao
AA S7tstal e FAlolH wE4aTo] mzittelo] Y
A7 HAEAA A7) 242 A B AA|AFESARRZ HHY AL 9]
o 5] 1129 ‘)Jd*éﬂr Hej/gdo] 24l A5A} 0] 89l
Fdete]of 7kl 9lot] AEAtol= 3.3 kV, 1.2 kA 9]
4 IGBT @50 AREE| 1 AdAst dAIL =9l 574 7]=
o] @ =N olid At oA = 1Y IGBT 22 &A%}
A7F AARE ol 1Y IGBT 7= ¢IsiA]
wafer®] At A0 £ T 578 FA et &4
Ao AZIA B4 2 Havt HY =2 IE AY
(breakdown voltage) XA & &3t 34 L A3} 7=
ste 7t Zastct §985] 22 5 AYS 471 A A
o] 2 o 2 "We ] ZA(field ring process), 0] 59}

ZA(lon implantation process), &AF 54 (diffusion

(o)

process), 923 FA(annealing process)?] #-&x71
x|=8t7t @ st}

B A3LoA= TCAD (technology computer-aided
design) AL EQJo] & o] &3t A]gefo]d 574 AAL T
o _g_;g] AlR Ald L & H Ax]._] QE— j_’-*'] ]_1_ 7]3;@
2 £ 95 ¥ IGBTo] 21715 40] glo] |2 Aol
= Fast Y o9 FAQd Zed FA(field ring
process)] &\ B3 £71S BASI A} o1,

2.0l 2

L 1AYS W e sk 7]7] So YrjEo] ALE
Hloe 1580 £480] Aojo} st E4L AT ¢

159

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 7.6 239 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 7.6 294 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.
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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 (1um) 25.9 26.4 27.4 28.4 29.4 30.4 314 324 33.4 344
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Fig. 6. The breakdown voltage characteristics of 3.3 kV planar gate
NPT-IGBT.
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