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Abstract : Power semiconductors are semiconductors used for power conversion, transformation, distribution, and control.
Recently, the global demand for high-voltage power semiconductors is increasing across various industrial fields, and optimization
research on high-voltage IGBT components is urgently needed in these industries. For high-voltage IGBT development, setting the
resistance value of the wafer and optimizing key unit processes are major variables in the electrical characteristics of the finished
chip. Furthermore, the securing process and optimization of the technology to support high breakdown voltage is also important.
Etching is a process of transferring the pattern of the mask circuit in the photolithography process to the wafer and removing
unnecessary parts at the bottom of the photoresist film. Ion implantation is a process of injecting impurities along with thermal
diffusion technology into the wafer substrate during the semiconductor manufacturing process. This process helps achieve a certain
conductivity. In this study, dry etching and wet etching were controlled during field ring etching, which is an important process for
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forming a ring structure that supports the 3.3 kV breakdown voltage of IGBT, in order to analyze four conditions and form a stable
body junction depth to secure the breakdown voltage. The field ring ion implantation process was optimized based on the TEG
design by dividing it into four conditions. The wet etching 1-step method was advantageous in terms of process and work efficiency,
and the ring pattern ion implantation conditions showed a doping concentration of 9.0E13 and an energy of 120 keV. The p-ion
implantation conditions were optimized at a doping concentration of 6.5E13 and an energy of 80 keV, and the p+ ion implantation
conditions were optimized at a doping concentration of 3.0E15 and an energy of 160 keV.

Keywords : High voltage power semiconductor, Process optimization, Unit process, Etching process, lon implantation process
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Figure 1. Schematic illustration of field ring ion implantation.

Figure 2. Schematic illustration of p+ buffer ion implantation.
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Table 1. Split test conditions for ring etch process

Test Etching Applicability Condition Remarks
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Ist vy 50 sec 2step Etch beam
Wet ¢ 870 Sec Etch
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Figure 3. Cross-sectional SEM images of field ring developed by Ist etch test.
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Figure 4. Cross-sectional SEM images of field ring developed by 2nd etch test.

R T iy, T i
Figure 5. Cross-sectional SEM images of field ring developed by 3rd etch test.
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Figure 6. Cross-sectional SEM images of field ring developed.
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Figure 5= 3%} HIAEZ $A24]7F 2ARI0 2 APJUY 1A
g 22 EARROA 1,500 sec FPsto] ARshat 9,000 A 4]
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Table 2. Split test conditions for field ring implantation(Excellent : %, Good : O, Bad : X)

120KeV 9.0E13 +
120KeV 9.0E13 150KeV 9.0E13 150KeV 9.0E13 150KeV 9.5E14

1st 2th Jsd 1st 2th 3sd 1st 2th 3sd 1st 2th 3sd
1 * * * * * * * * * O * O
2 * * * * * * 0 [0) X 0 [0) O
3 * * * * * * * O O 0] O 0
4 * * * * * * 0 X X X X X
5 * * * * * * * O O (0] O O
6 * * * * * * X X X O O 0O
7 * * * * * * * O O O O O
3 * * * * * * * * * * * *
9 * * * * * * [0) (@) O 0] O 0O
10 * * * * * * * * * * O O
11 * * * * * * @) O O O O X
12 * * * * * * * * * * * *
13 * * * * * * 0 X X X X X
14 * * * * * * * * O (0] O O
15 * * * * * * 0 [0) X 0 [0) X

(a) 150 keV, 9.5E14 (b) 120 keV, 9.0E13

Figure 8. Cross-sectional SEM images of ring pattern with regard to ion implantation condition.



260 H7FA - 0B - AR - YU - ZYS

= FAHE11,15].

| =

Y21EAe] 7| RH Ao upAz) Rt dig Al
73, wafert] @} wafer7t iR1o] #4744 2 @AY 12|a IAgt
step coverage’} SHEojof Ht}. ringd S 4714 24
Yoz NPat A2 IS SEMO|T AR BT 4
olFtH(Figure 9). (a)= AA]AZFCZ 1,000 WOJA] 120 sec,
500 WOlA 50 sec 2AEI 02 ZAIYSF & L A1217F 870 sec Z1Y
St Axlolt}. (by= AAAIZFO 2 1,000 WOlA] 70 sec, 500 W
oA 50 sec 24| 0= X3t & FAAZ 1,671 sec XFYTk
ZAiyloltt. (C)J: %51’9.7—'1.' 1,500 sec X3 & @ Euo]3 150°C

oA 20 min X8 & THA] 1,300 secE 2AE &AA7F 51 At
olt}. (d)= H414Zo 20t 2,800 sec 148 A3Y5H Axfolct.
(Figure 9).

Figure 9. Cross-sectional SEM images of oxide ring patterns etched
by different conditions of (a, b) two-step dry etching with
post wet etching, (c) two-step wet etching, and (d)
one-step wet etching.
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Table 3. Optimal implantation process conditions

Process Conditions

Field rin Dose 9.0x10%cm™
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+
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12 -2
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Energy 80 keV, B, 7°
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