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500 V& Unified Trench Gate Power MOSFET
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Abstract: Power MOSFET operate voltage-driven devices, design to control the large power switching
device for power supply, converter, motor control, etc. We have analyzed trench process, field limit ring
process for fabrication of unified trench gate power MOSFET. And we have analyzed electrical
characteristics of fabricated unified trench gate power MOSFET. The optimal trench process was based
on SF6. After we carried out SEM measurement, we obtained superior trench gate and field limit ring
process. And we compared electrical characteristics of planar and trench gate unified power MOSFET
after completing device fabrication. As a result, the both of them was obtained 500 V breakdown voltage.
However trench gate unified power MOSFET was shown improved Vth and on state voltage drop
characteristics than planar gate unified power MOSFET.
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Table 1. Trench profile according to gas chemistry.
Classification SEM Image
Clo/O, Base

HBr/NF; Base

SFs Base

Table 2. SFs base profile control.

Parameters Results
No | Temp, | gi22 | gPR/02 | Press. | pan | Profle | Selec— | Unit
(g ] W) {sccm) {mT) A /min) (3] tivity (%.10)
20 15 15420 40 621,34 | B0.47 | 144 16,64
20 30 20418 60 16680 | 89.20 | 2526 | 1.53
20 45 25410 80 24563 | 8287 | 3175 a5
30 15 20015 80 14094 | 8357 | 2905 | 539

30 30 25/10 40 18940 91.24 22,11 2,52

30 45 15420 B0 1238 80.67 1.53 20,83

40 15 25/10 11} 22657 90. 76 42,00 2,75

40 30 15420 an 1786 78.04 277 26.92

w|la|~w|o|o | afw|mn|—

40 45 20415 40 15775 98,53 19.50 1.9
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Fig. 1. The SEM image of SF6 profile.
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Fig. 2. Unit cell design of unified trench gate power
MOSFET.
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Fig. 3. 500 V unified trench gate power MOSFET full
chip layout.
a8l N A2E 10 um, poly to CNTE 2.0 um,

poly to N'&= 05 m=z AAEAL. NI oz Fo

2 chip A 7)o Vthel & dAg ZsE w4
2 4 = A pitch size2 AA7E HAEHE ol
AF 542 BEA7E 89 dolA ruggedness 54
of HARE wFow AN, FF 54 A4
3 9 g AW PAATE H49) pitchd A4
ah APl FHow AdHolol @ e wuky
o oggon 19 30 AAE BEads HAE v
2 W wdvh BE 249 @77 20 A o4l
DAF A7 A2d W 2E A avsa .

3.3 500 V unified power MOSFET
CHst &

Anneal
-450°C 30min N2
Back metal Dep.

Fig. 4. The vertical section view of unified trench gate
power MOSFET.
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Fig. 5. The SEM image of unified trench gate power Fig. 8. The threshold voltage dispersion of unified

MOSFET. trench gate power MOSFET.
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Fig. 9. The trench gate SEM image of unified trench
Fig. 6. Fabricated unified trench gate power MOSFET  gate power MOSFET.

on 8 inch wafer.

Fig. 10. The field limit ring SEM image of unified
Fig. 7. Packaged unified trench gate power MOSFET. trench gate power MOSFET.
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Fig. 11. The Id-Vg characteristics of unified planar
and trench gate power MOSFET.

1.6x10°

1.4x10° e

4.0x10° 4

2.0x10°

0.0

0 5 10 15 20
V(Drain)(V)

Fig. 12. The Id-Vd characteristics of unified planar

and trench gate power MOSFET.
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Fig. 13. The breakdown characteristics of unified planar
and trench gate power MOSFET.
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Fig. 14. The on state voltage drop characteristics of
unified planar and trench gate power MOSFET.
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