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Analysis of The Electrical Characteristics of Power MOSFET with Floating Island
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Abstract: This paper was proposed floating island power MOSFET for lowering on state resistance and the
proposed device was maintained 600 V breakdown voltage. The electrical field distribution of floating island power

MOSFET was dispersed to floating island between P-base and N-drift. Therefore, we designed higher doping

concentration of drift region than doping concentration of planar type power MOSFET. And so we obtain the lower

on resistance than on resistance of planar type power MOSFET. We needed the higher doping concentration of

floating island than doping concentration of drift region and needed width and depth of floating island for

formation of floating island region. We obtained the optimal parameters. The depth of floating island was 32 m.

The doping concentration of floating island was 5 x 1,012 c¢m® And the width of floating island was 3 (m. As a
result of designing the floating island power MOSFET, we obtained 723 V breakdown voltage and 0.108 Qcr on
resistance. When we compared to planar power MOSFET, the on resistance was lowered 24.5% than its of planar

power MOSFET. The proposed device will be used to electrical vehicle and renewable industry.
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Fig. 1. The structure and electrical field distribution (a)
DMOSFET, (b) FLIMOSFET.
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Fig. 2. The charge and electrical field distribution of floation
island power MOSFET.
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Fig. 3. The process flowchart of floating island power MOSFET. ~ power MOSFET.
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Table 1. The design parameter and process condition of floating island. 750 o
."r- \-
Design Parameter Condition 04 o \
Floating dose (cm™) 3x10'%~9x10"? S 650 /l'/ \'-]I
@« 1
Floating depth (um) 10 ~ 48 (step 2 um) £ 600 p \
o
Floating width (jm) 1 ~ 4 (step 0.5 pum) g s i'.i
550 /
Resistivity (Qcm?) 18 E P '\
P base dose (cm?) 6.3x10" @ 500 _.-“'. \
P+ base dose (cm?) 3.0x10" o] A N,
- T
N+ source dose (cm?) 1.0x10'¢ T T T T T T T T T
10 15 20 25 30 35 40 45 50
N+ substrate (&) 0.018 Floating Island depth
JFET d 2 1.0x10" L
ose (cm™) - Fig. 5. The breakdown voltages of floating island power
Gate length (um) 5

MOSFET according to the depth of floating island.
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Fig. 6. The breakdown voltages and on-resistance of floating island
power MOSFET according to the depth and dose of floating island.
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Floating width{um)
Process parameter process condition
(b)o1s 4 i = i:gg:: gg » Floating dose (cm™) 5%10"
e —depth 32 = Floating depth (um) 32
b 4 Floating width (um) 3
§, 0.14 o / — ]
S oia ] ) Resistivity (2 cm”) 9
g P base dose (cm?) 6.3x10"
E A
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0.06 : ; ; , i ; ; N+ substrate (Qcm?) 0.018
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. o Gate length (um) 5
Fig. 7. The breakdown voltages and on-resistance of floating island
Cell Pitch (um) 9

power MOSFET according to the width of floating island window.
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Fig. 8. The electrical characteristics of floating island power
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(c) the on state current.
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