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Abstract: This paper was proposed 900 V Power MOSFET with ESD protection circuits using zener diodes. And
we were carried out and analyzed its electrical characteristics. As a result of designing 900 V power MOSFET, we
obtained 1,000 V breakdown voltage, 3.49 V threshold voltage and 0.249 Q - cm’ And we designed ESD
circuits using 2 series zener diode and 4 series zener diodes. After analyzing electrical characteristics, we
obtained 26 V forward voltage drop and 47 V breakdown voltage. Therefore, This devices can enoughly use

power module, SMPS and Automotive.
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Fig. 3. The breakdown characteristics of power MOSFET

according to N drift depth and concentration.
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Table 1. The on state current according to N-drift length and

concentration.
N-Drift
Breakdown On state current

Depth Concentration voltage (Vds=20 V)
(um) (cm?)

60 1.49E14 929.02 6.2E-6

70 1.79E14 924.63 6.44E-6

80 1.79E14 944.11 5.89E-6
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Table 2. The process and design parameters at 900 V
breakdown voltage.
N-drift
P-
Breakdown
base On state Ronsp
Length  Concentration dose current (Q - o) voltage
(um) (cm?) (em?) (A/um) ™
" 6.44x
1.7x10 10 0.257 924.63
4 5.2x 6.65x
70 1.8x10 5 P 0.249 904.60
10 10
" 6.86x
1.9x10 10 0.241 882.44
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Table 3. The threshold voltage according to p base
concentrations.
N-drift
P-base dose Vi
Depth Concentration (cm?) v)
(um) (cm?)
4.0x10" 3.14
4.5x10" 3.49
70 1.861x10" 5.0x10" 3.71
5.5x10" 3.93
6.0x10" 421
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Fig. 4. The electrical field distribution of 9 field ring for 900
V power MOSFET.
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Fig. 5. ESD Circuit with back to back zener diodes.
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Fig. 6. The structure of back to back zener diodes.
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Fig. 7. I-V characteristics according to p dose concentration.

Table 4. The forward bias characteristics according to P dose

concentration.
P-dose(cm™) Vi(V)
5E11 0.3
6E11 2.0
7E11 39
8EI1 5.8
9E11 6.0
1E12 6.1
1.2E12 6.15
1.3E12 6.16
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Fig. 8. The structure of back to back 4 series zener diodes.
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Fig. 9. The bias characteristics of 4 series zener diode. (a)
forward bias and (b) backward bias.
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Fig. 10. The breakdown characteristics of 4 series zener diode

according to length of p region.
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Table 5. The impact ionization current according to length of P region.

P-dose P region length Impact ionization current
(cm?) (um) (A/um)
2.8E14 3 3.44E-9
2.8E14 3.5 1.36E-8
2.8E14 4 3.34E-8
2.8E14 4.5 6.89E-8
3E14 4.5 1.00E-7
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