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Connected-Super Junction) 4H-SiC UMOSFET

Low Resistance SC-SJ(Shielding Connected-Super Junction)
4H-S1C UMOSFET with 3.3kV Breakdown Voltage
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Abstract

In this paper, we propose SC-SJ(Shielding Connected-Super Junction) UMOSFET structure in which p-pillars of
conventional 4H-SiC Super Junction UMOSFET structures are placed under the shielding region of UMOSFET. In the
case of the proposed SC-SJ UMOSFET, the p-pillar and the shielding region are coexisted so that no breakdown by the
electric field occurs in the oxide film, which enables the doping concentration of the pillar to be increased. As a result,
the on-resistance is lowered to improve the static characteristics of the device. Through the Sentaurus TCAD simulation,
the static characteristics of proposed structure and conventional structure were compared and analyzed. The SC-S]
UMOSEFET achieves a 50% reduction in on-resistance compared to the conventional structure without any change in the
breakdown voltage.
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Table 1. Device Key Parameters for simulation.

E 1. AlSdo|M ClHlolA FL mizlo|E
Parameter C=9] SC-S]
Cell pitch 6 m 6 m
Epi-layer thickness 25.3 (m 25.3 (m
p-base thickness 0.5 pm 0.5 um
N-sub thickness 1 m 1 m
Gate oxide thickneess 0.025 m 0.025 m
Gate width 2 um 2 um
pillar width 1.5 pm 3 um
pillar doping concentration 1x10"% em™ 3x10'% cm™
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Fig. 2. Breakdown voltage in C-SJ, SC-SJ structure.
a% 2. 7|& SJ +=2F SC-SJ *ZoAM e

SHE & of

oS-

ElectricFleld (V*em®-1)

. 7.8916+06

6.5T60+06

5.2610+06

I 3.9460+06
2.630e+06
l 13150406

4.859e-05

ElectricField (V:cm*-1)
39020406

26010408
2.081e+406
1.5610+06

1.0410+06

. 5.2030+05
9.4260-06

Fig. 3. (@) C-SJ,
(b) SC-SJ UMOSEFT electric field distribution.
12l 3. (@) 7I& SJ, (b) SC-SJ UMOSEFT ™A &%

—
3500

(759)

9
4000—-
3500—-
€ 3000 4
R\; 2500—-
-% 2000—-
g 1500—-
g ]
3 1000 -]
'§ 500
X
0
_500 T T T T T
0 50 100 150 200
Drain voltage(V)
Fig. 4. Output characteristics in C-SJ, SC-SJ structure.
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Table 2. The electrical performance of C-SJ and SC-SJ

structure.
¥ 2 7|& SJ, SC-SJ =9 MM EM
Parameter C=8) SC-SJ
Breakdown voltage (V) 3299 3360
On-resistance (mQ + cm?) 84 4.2
Figure of merit (MW - cm?) 1295 2633
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