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Abstract: This research concerns field rings for 3.3kV planar gate power insulated-gate bipolar transistors (IGBTs).

We design an optimal field ring for a 3.3kV power IGBT and analyze its electrical characteristics according to field

ring parameters. Based on this background, we obtained 3.3kV high breakdown voltage and a 2.9V on state voltage

drop. To obtain high breakdown voltage, we confirmed that the field ring count was 23, and we obtained optimal

parameters. The gap distance between field rings 13um and the field ring width was S5um. This design technology

will be adapted to field stop IGBTs and super junction IGBTs. The thyristor device for a power conversion switch

will be replaced with a super high voltage power IGBT.
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Fig. 1. The structures of field ring for 3.3 kV NPT planar gate
power IGBT.

Table 1. The process parameters of NPT planar gate power
IGBT.

Classification Unit Value

Pitch um 700
Depth um 500
Resist Q 180
P-base dose em™ 6.5x10"
Active cell pitch nm 20
Distance between field ring to field um 3~15
ring (A)
Width of field ring (B) um 6~12
Ring ea 23
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Fig. 2. The structure of NPT planar gate power IGBT.
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Table 2. The process and design parameter of NPT planar
gate power IGBT.

Classification  Unit Value Classification Unit Value
Cell pitch nm 24 Cell depth um 430
Gate width um 14 P+ depth um 0.6

P-base width um 10 P-base depth um 2.4

P+ collector

N+ width L. :
widt] um 5 depth um 0.5
N+ emitter em?  1E16  JFET em®  1E12
N-drift
P+base emitter cm? 3El5 d.r1.t . Q-cm 160
(resistivity)

P-base emitter cm™® 6.5E13 P+ collector cm? 1El6
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Fig. 3. The threshold voltage characteristics of NPT planar IGBT.
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Fig. 4. The on state voltage drop characteristics of NPT planar
IGBT.
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Fig. 5. The breakdown voltage characteristics of NPT.
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Fig. 6. The breakdown voltage characteristics of NPT planar
IGBT according to length and width of field ring.
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