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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 optimal designed planar and trench gate
power MOSFET for high breakdown voltage and low on resistance. When we have designed 6580 um x
5680 um of chip size and 20 A current, on resistance of trench gate power MOSFET was low than planar gate
power MOSFET. The on state voltage of trench gate power MOSFET was improved from 4.35 V to 3.7 V. At
the same time, we have designed unified field limit ring for trench gate power MOFET. It is Junction
Termination Edge type. As a result, we have obtained chip shrink effect and low on resistance because

conventional field limit ring was convert to unify.
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Fig. 1. The structure of planar gate power MOSFET.

Table 1. The process parameters of planar gate power
MOSFET.

Region Process condition
Walfer resistance 0.018 Qem”
Epi layer resistance 145 &cm

P+ Base dose/energy 3.010° em™ / 120 KeV

N+ Source dose/energy 5010° em® / 80 KeV

P Base dose/energy 310" em? / 120 KeV

N JFET dose/energy 1.810" em™ / 100 KeV
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Table 2. The breakdown voltage and on-state voltage
drop according to N-drift length and resistance.
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Fig. 2. The threshold voltage according to p base dose.
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Fig. 3. The breakdown voltage according to p base dose.
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Fig. 4. The on state voltage according to p base dose.
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Fig. 5. The structure of trench gate power MOSFET.

Table 3. The breakdown voltage and on-state voltage
drop according to N-drift length and resistance.
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Fig. 6. The threshold voltage of trench gate power
MOSFET according to p base dose.
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Fig. 7. The breakdown voltage of trench gate power
MOSFET according to p base dose.
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Fig. 8. The on state voltage of trench gate power
MOSFET according to p base dose.
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Fig. 9. The breakdown voltage of trench gate power
MOSFET according to trench gate depth.
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Fig. 10. The on-state voltage drop of trench gate power
MOSFET according to trench gate depth.
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Fig. 11. The electric field distribution of trench gate
power MOSFET according to trench gate depth.
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Fig. 12. The structure and design factor of field limit
ring (FLR).

Fig. 13. The effect of unified field limit ring (FLR).
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Fig. 14. The design parameter of unified FLR.
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Fig. 16. The electric field distribution of field limit ring.
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