J. Korean Inst. Electr. Electron. Mater. Eng.
Vol. 37, No. 3, pp. 332-336 May 2024

doi: https://doi.org/10.4313/JKEM.2024.37.3.15
ISSN 1226-7945(Print), 2288-3258(Online)

Early Stage Report : Graduate Research

Vertical Variation Doping ==& £ ¢! st
1.2 kV 4H-SiC MOSFET | & 3}

Ao, 852, O[Efs], = X+, W MIE, 0lZd3], 2F 0, MRAS, F A2
edetn A

Optimization of 1.2 kV 4H-SiC MOSFETs with Vertical Variation Doping Structure

Ye-Jin Kim, Seung-Hyun Park, Tae-Hee Lee, Ji-Soo Choi, Se-Rim Park,
Geon-Hee Lee, Jong-Min Oh, Weon Ho Shin, and Sang-Mo Koo

Department of Electric Materials Engineering, Kwangwoon University, Seoul 01897, Korea
(Received February 15, 2024; Accepted March 4, 2024)

Abstract: High-energy bandgap material silicon carbide (SiC) is gaining attention as a next-generation power semiconductor
material, and in particular, SiC-based MOSFETs are developed as representative power semiconductors to increase the
breakdown voltage (BV) of conventional planar structures. However, as the size of SJ (Super Junction) MOSFET devices
decreases and the depth of pillars increases, it becomes challenging to uniformly form the doping concentration of pillars.
Therefore, a structure with different doping concentrations segmented within the pillar is being researched. Using Silvaco TCAD
simulation, a SJ VVD (vertical variation doping profile) MOSFET with three different doping concentrations in the pillar was
studied. Simulations were conducted for the width of the pillar and the doping concentration of N-epi, revealing that as the width
of'the pillar increases, the depletion region widens, leading to an increase in on-specific resistance (Ron,sp) and breakdown voltage
(BV). Additionally, as the doping concentration of N-epi increases, the number of carriers increases, and the depletion region
narrows, resulting in a decrease in Ronsp and BV. The optimized SJ VVD MOSFET exhibits a very high figure of merit (BFOM)
of 13,400 KW/cm?,
performance power device suitable for practical applications.

indicating excellent performance characteristics and suggesting its potential as a next-generation high-
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Fig. 1. Structure of (a) DMOSFET, (b) ST MOSFET, and (c) SJ VVD MOSFET.
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Fig. 2. Vp-Ip curves for SJ VVD MOSFET with different Wp.

1.0x10°
= 1.05 pm
——1.15 pm
8.0x107 |
P —1.25 um
< ——1.35 pm
£ 6.0x107 p——1.45 pm
=
ot
3 4.0x10”
g
g 7
& 2.0x107f
0‘0 A A A A A A A

0 200 400 600 800 1000 1200 1400 1600
Drain voltage (V)

Fig. 3. Reverse Vp-Ip characteristics of SJ VVD MOSFET with
different Wp.
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Fig. 4. Electrical properties of SJ VVD MOSFET with different Wp.
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Fig. 5. Vp-Ip curves for S VVD MOSFET with different Niop doping
concentration.
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Fig. 6. Reverse Ip-Vp characteristics of SJ VVD MOSFET with
different Niop doping concentration.
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Fig. 7. Electrical properties of ST VVD MOSFET with different Nop
doping concentrations.
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Fig. 8. BFOM of DMSOFET, SJ MOSFET and SJ VVD MOSFET.
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