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Abstract: The 4H-SiC VDMOSFET demonstrates a high reverse breakdown voltage (BV) due to the JFET region but
experiences relatively high on-resistance (Ron). A widely adopted method to reduce the Ron is to uniformly increase the doping
concentration of the JFET region, which results in a trade-off that reduces the BV. This study proposes a method to optimize the
segmentation of the JFET region by selectively increasing the doping concentration using ‘total doping’, ‘half-doping’, and
‘quarter-doping’. The optimized quarter segment with a specific doping concentration slightly reduces BV, but the sharp decrease
in specific on-resistance (Ron,sp) results in a 105% improvement in the performance index, Baliga’s Figure of Merit (BFOM).
This research suggests the potential for electrically superior designs by modifying the doping concentration in the JFET region
of conventional VDMOSFET structures.
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Fig. 1. Cross section of 4H-SiC VDMOSFETs with (a) conventional structure, (b) total-segment JFET region, (c) half-segment JFET region,

and (d) quarter-segment JFET region.
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Table 2. Comparison of material parameters.

Parameters 4H-SiC  B-Ga203 GaN
Bandgap energy (eV) 3.26 4.85 34
Electron affinity (K-J/mol) 4.05 4.0 4.1
Permittivity (V/m) 9.66 10 9.5
Electron mobility (cm?/V-s) 460 150 1,000
Thermal conductivity (W/cm-K) 4.9 0.13 1.3
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Fig. 2. Effect of doping concentration on the (a) reverse Vp-Ip
characteristics and (b) BFOM and Ron,sp for the conventional structure
and Reotal.
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Fig. 3. Effect of doping concentration on the (a) reverse Vp-Ip
characteristics and (b) BFOM and Ron,sp for Raown.
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Fig. 4. Effect of doping concentration on the (a) reverse Vp-Ip
characteristics and (b) BFOM and Ron,sp for Raown,L. optimization.
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Table 3. Comparison of electrical characteristics by optimized JFET
structure.
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