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Abstract : The demand for high-voltage power devices is rising in various industries, but especially in the transportation industry
due to autonomous driving and electric vehicles. IGBT module parts of 3.3 kV or more are used in the power propulsion control
device of electric vehicles, and the procurement of these parts for new construction and maintenance is increasing every year. In
addition, research to optimize high-voltage IGBT parts is urgently required to overcome their very high technology entry barrier.
For the development of high-voltage IGBT devices over 3.3 kV, the resistivity range setting of the wafer and the optimal
conditions for major unit processes are important variables. Among the manufacturing processes to secure the optimal junction
depth, the optimization of the diffusion process, which is one step of the unit process, was examined. In the diffusion process, the
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type of gas injected, the injection time, and the injection temperature are the main variables. In this study, the range of wafer resistance
(8 cm) was set for the development of high voltage IGBT devices through unit process simulation. Additionally, the well drive in
(WDR) condition optimization of the diffusion process according to temperature was studied. The junction depth was 7.4 t07.5 ym

for a ring pattern width of 23.5 t025.87 ym, which can be optimized for supporting 3.3 kV high voltage power devices.

Keywords : IGBT, Power device, Diffusion process, Optimum design
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Table 1. Optimal diffusion process conditions.

Process Diffusionc l?iffusif)n Junction
temperature[ C] time[min] depth[ ]

WDRI1 1,100 180

WDR2 1,190 ~ 1,200 180 7.4~75

WDR3 1,180 180




Table 2. Optimal simulation parameters for 3.3 kV level IGBT
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KPI Unit Size KPI Unit Size
Cell depth m 430 N+ emitter em™ 1.0X 10"
N-drift resistivity Q cm 160 P+ base emitter cm? 3.0X 10"
N-drift resistivity EA 21 P- base emitter cm? 6.5X 10"
Ring width(w,) (m 25 P+ collector depth fm 0.5
Ring depth (m 7.5 P+ collector em™ 1.0X 10"
. . o 9.0 X 10"
m 2
Ring spacing(S:) 1 24 Field ring cm (150 keV)
Ring diffusion Temp. C 1,200 Ring diffusion time min 180
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Figure 1. Simulation results of 3.3 kV planar gate NPT-IGBT.
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Figure 2. On-state V-I characteristics curve for N-drift condition of
3.3 kV planar gate NPT-IGBT.
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Table 3. On-state resistance N-drift concentration and length for 3.3 kV IGBT

N-drift zone Breakdown Vce,sat On-state
Resistance [Q2 cm] Length [ /] voltage [V] [V] resistance [€2 cm’]
150 445 3,318 5.6 0.056
160 430 3,274 5.4 0.054
170 445 3,381 5.8 0.058
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Figure 3. Simulation results of ring junction with regard to diffusion process temperature. (a)WDRI (1,150 C), (b)WDRI (1,160 ),
(c)WDRI (1,170 C), (d)WDRI (1,180 ), (¢)WDR1 (1,190 C), (hWDRI (1,200 C).

Table 4. Results of depth and width with regard to diffusion
process temperature

WDR | Temperature [ C] | Ring depth [¢m] | Ring width [¢m]
1 1,150 6.1 21
2 1,160 6.4 22
3 1,170 6.9 222
4 1,180 7.3 22.5
5 1,190 7.5 24.5
6 1,200 8.5 26.2
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Figure 4. Cross-sectional SEM image and simulation results of ring junction with regard to stepwise diffusion condition. (a)Cross-sectional

SEM image, (b)Simulation result, (c)Process fitting.
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Nomenclature

NPT-IGBT : non punchthrough-Insulated gate bipolar transistor
WDR : Well Drive In

BR : Breakdown Voltage
Vce,sat : Collector-Emitter Saturation Voltage
TCAD : Technology computer-aided design

ASR  : automatic spreading resistance
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