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Abstract
1.2 kV P-shielded Split Gate SiC MOSFETs (PSG-MOSFETs) were designed to achieve a reduced reverse transfer capaci-
tance (Crss) and to effectively suppress electric field crowding at the gate oxide. The formation of the P-shielding region of 
PSG-MOSFETs was achieved without the necessity of an additional photo mask. The effect of the maximum electric field 
at the gate oxide (Eox,max) and specific on-resistance (Ron,sp) by the P-shielding region was investigated by varying the width 
of the P-shielding region (WP). As the WP increases, the Eox,max is reduced due to the suppression of the electric field at the 
gate oxide. Conversely, the Ron,sp increases due to the narrower current path in the JFET region. Furthermore, a comparative 
analysis of the simulated Crss and gate-drain charge was conducted, and the reduced total switching energy losses (Etotal) of 
PSG-MOSFETs were verified via the simulation of a double pulse test. The PSG-MOSFET exhibited lower Eox,max, Crss, 
and Etotal in comparison to the Split Gate SiC MOSFET.
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1  Introduction

Silicon Carbide (SiC) has superior properties, including a 
higher critical electric field, a wider bandgap, and a higher 
thermal conductivity than Silicon [1–3]. These proper-
ties identify SiC as a next-generation power semiconduc-
tor [4–7]. SiC-based power devices with excellent thermal 
conductivity and low specific thermal resistance (Ron,sp) are 
key components in inverters and DC-DC converters for elec-
tric vehicles. [8–11]. For SiC MOSFETs, a reduction in the 
capacitances is necessary due to the significant portion of 
the power dissipation occurring during the switching opera-
tions [12–14]. Specifically, the reverse transfer capacitance 
(Crss) and gate-drain charge (QGD) are the dominant param-
eters inducing switching losses [14–16]. Because during 
the charging of the Crss, a simultaneous application of high 

voltage and current occurs [16–19]. The overlap between 
the poly-Si gate and JFET region is a parasitic capacitance 
induced by the overlap of the poly-Si gate and the JFET 
region.

The improved Crss and QGD of Split Gate SiC MOSFETs 
(SG-MOSFETs) have been proposed and demonstrated 
[22–28]. The split gate structure can reduce the overlap area 
between the poly-Si gate and JFET region. This approach 
can result in a reduction in the gate oxide capacitance (Cox) 
[22, 27]. However, the electric field crowding occurs at the 
exposed edge of the poly-Si gate of SG-MOSFETs, which 
could eventually result in significant damage to the gate 
oxide [25–28].

Several approaches for suppression of the electric field at 
the gate oxide of SG-MOSFETs have been reported [26–34]. 
The addition of a P-type layer at the bottom of the P-base in 
SG-MOSFETs achieves a significant decrease in the maxi-
mum electric field in gate oxide (Eox,max) [26–28]. However, 
an increase in the Ron,sp and the cell-pitch, as well as the 
necessity for additional photo masks, is observed [30]. Addi-
tionally, the implementation of a deep P-well structure by 
channeled ion implantation effectively reduce the Eox,max of 
SG-MOSFETs, without the additional photo mask [32–34].

In this paper, we proposed 1.2 kV P-shielded Split Gate 
SiC MOSFETs (PSG-MOSFETs). PSG-MOSFETs feature 

 *	 Ogyun Seok 
	 ogseok@pusan.ac.kr

	 Kanghee Shin 
	 khshin@kumoh.ac.kr

1	 School of Electrical and Electronics Engineering, Pusan 
National University, Busan, Republic of Korea

2	 School of Electronic Engineering, Kumoh National Institute 
of Technology, Gumi, Republic of Korea

http://crossmark.crossref.org/dialog/?doi=10.1007/s42835-024-02132-y&domain=pdf
http://orcid.org/0000-0003-2015-1300


1068	 Journal of Electrical Engineering & Technology (2025) 20:1067–1075

a P-shielding region within the JFET region, which serves 
to suppress the electric field crowding at the gate oxide and 
reduce switching losses. The P-shielding region induces the 
expansion of a depletion region within the JFET region, 
protecting the gate oxide from the electric field. Further-
more, the wide depletion region induced by the P-shielding 
region serves to significantly reduce the depletion capaci-
tance (Cdep).

2 � Device Structures and Simulation 
Methods

Sentaurus TCAD simulations were employed to design and 
analyze 1.2 kV SiC MOSFETs. All simulations are based on 
half-cell size and conducted with the same device area. Fig-
ure 1a–c show the 2-D cross-sectional views of the 1.2 kV 
SiC conventional MOSFET (C-MOSFET), SG-MOSFET, 
and PSG-MOSFET, respectively. A SiC N-drift region with 
a background doping concentration of 8 × 1015 cm−3 and a 
thickness of 10 μm on a SiC N+ substrate was employed. 
The JFET region was designed with a doping concentration 
of 3 × 1016 cm−3, a width (WJFET) of 1.5 μm, and a depth 
of 0.8 μm to reduce the resistance of the JFET region. All 
structures were designed with an identical channel length of 
0.5 μm and thickness of the gate oxide of 50 nm. The SG-
MOSFET and PSG-MOSFET were designed with an identi-
cal length of the overlap region (LPJ) of 0.3 μm between the 
poly-Si gate and JFET region.

Figure 2 shows the flows of process simulation for the 
PSG-MOSFET. The PSG-MOSFET were employed with 
identical process simulation flows as the C-MOSFET and 
SG-MOSFET. The formation of the P-shielding region 
within the JFET region was achieved via the employment 
of the ion implantation process for the P-source, without 
the necessity for an additional photo mask [35, 36]. The 
P-shielding region was designed with a depth of 0.5 μm and 
a width (WP) ranging from 0.1 μm to 0.4 μm. Furthermore, it 

is noted that the P-shielding region is electrically connected 
to the source, which effectively improves electrical char-
acteristics of PSG-MOSFETs [37]. Table 1 lists all device 
parameters used in TCAD simulation.

The Shockley–Read–Hall recombination model, the 
Auger recombination model, the Okuto-Crowell avalanche 
model, and the incomplete ionization model were employed 
to enhance the accuracy of the TCAD simulation. The break-
down voltage (BV) was set to a drain-source voltage (VDS) 
when the maximum electric field in SiC (ESiC,max) or Eox,max 
exceeded 3 MV/cm or 5 MV/cm, respectively [38].

3 � Results and Discussion

Figure 3 shows the electric field distribution of the SG- 
MOSFET and PSG-MOSFET (WP = 0.3 μm) in blocking 
mode with a gate-source voltage (VGS) of 0 V and a VDS of 
1.2 kV. The SG-MOSFET exhibits an Eox,max of 4.78 MV/
cm due to electric field crowding at the gate oxide, as shown 
in Fig. 3a. However, the PSG-MOSFET exhibits an Eox,max 
of 2.95 MV/cm, which is 38.28% lower than that of the SG-
MOSFET, as shown in Fig. 3b. The reduced Eox,max of the 
PSG-MOSFET is due to the dispersion of the electric field 
from the gate oxide into the P-shielding region, which results 
in an ESiC,max of 2.32 MV/cm. Furthermore, the PSG-MOS-
FET exhibits a BV of 1710 V, which is 110.85% higher than 
that of the SG-MOSFET. It is demonstrated that the expan-
sion of the depletion region by the P-shielding region serves 
to protect the gate oxide from the electric field.

To verify the enhanced blocking capability of the PSG-
MOSFET, the electro-static potential at the surface of the 
channel region of the SG-MOSFET and the PSG-MOS-
FET (WP = 0.3 μm) was extracted and compared, as shown 
in Fig. 4. As shown in Fig. 1b, the A-A' line represents the 

Fig. 1   2-D cross-sectional views of the a C-MOSFET, b SG-MOS-
FET, and c PSG-MOSFET

Fig. 2   Process simulation flow for the PSG-MOSFET
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surface of the channel region of the device. It is shown 
that the PSG-MOSFET exhibits a higher potential bar-
rier at the channel region (channel potential) than that 
of the SG-MOSFET. The high channel potential of the 
PSG-MOSFET enables effective blocking of drain leakage 
current until avalanche breakdown occurs. Therefore, the 
PSG-MOSFET exhibits superior breakdown characteris-
tics compared to the SG-MOSFET, due to the P-shielding 
region which protects the gate oxide from the electric field.

However, the expansion of the depletion region by the 
P-shielding region can narrow the current path of the PSG-
MOSFET, which results in degraded conduction behavior. 
As shown in Fig. 5, the depletion region induced by the 
P-shielding region leads to a narrower current path for the 
PSG-MOSFET (WP = 0.3 μm) in conduction mode in com-
parison to the SG-MOSFET. Furthermore, the restricted 
current path within the JFET region of the PSG-MOSFET 
also results in a 13.72% increase Ron,sp in comparison to the 
SG-MOSFET. Therefore, it is crucial to optimize the WP by 
considering the trade-off between the blocking capability 
and the conduction behavior.

Figure 6a, b show the comparative analysis of the BV, 
Eox,max, and Ron,sp characteristics according to the WP. A WP 
of 0.0 μm refers to the SG-MOSFET. As shown in Fig. 6a, 

Table 1   Device parameters used 
in TCAD simulation

Parameters [unit] Value

Channel length [μm] 0.5
Thickness of the gate oxide [nm] 50
Half-cell pitch [μm] 3.4
Width of the JFET region (WJFET) [μm] 1.5
Depth of the JFET region [μm] 0.8
Thickness of the N-drift region [μm] 10
Length of the overlap region between the poly-Si gate and JFET region (LPJ) 

[μm]
0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6

Width of the P-shielding region (WP) [μm] 0.1, 0.2, 0.3, 0.4
Depth of the P-base [μm] 1.0
Doping concentration of the N-drift region [cm−3] 8 × 1015

Doping concentration of the JFET region [cm−3] 3 × 1016

Doping concentration of the P-shielding region [cm−3] 1.2 × 1020
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Fig. 3   Electric field distribution in blocking mode (at a VDS of 1.2 kV 
and a VGS of 0 V) for the a SG-MOSFET and b PSG-MOSFET

Fig. 4   Electro-static potential at the surface of the channel region in 
blocking mode for the SG-MOSFET and PSG-MOSFET as a func-
tion of the distance in X dimension from A-A'
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the Eox,max is inversely proportional to the WP. As the WP 
increases, the Eox,max decreases due to further suppression 
of the electric field crowding at the gate oxide. However, 
an increased WP results in a narrowing of the current path 
within the JFET region, which subsequently leads to a higher 
Ron,sp, as shown in Fig. 6b. In particular, it is observed that 
when the WP increases from 0.3 μm to 0.4 μm, the Ron,sp 
increases dramatically by 14.39%, from 4.31 mΩ⋅cm2 to 
4.93 mΩ⋅cm2. A WP of 0.3 μm was identified as optimal 
value, balancing the trade-off between the blocking capa-
bility and the conduction behaviors. Under the optimized 
condition with a WP of 0.3 μm, a Ron,sp of 4.31 mΩ⋅cm2, a 
BV of 1710 V, and an Eox,max of 2.95 MV/cm were achieved.

Figure 7 shows the comparative analysis of Ron,sp and 
Eox,max of SG-MOSFETs and PSG-MOSFETs according to 
the LPJ. For both devices, the Ron,sp is inversely proportional 
to the LPJ. When the LPJ of both devices exceeds 0.3 μm, the 
saturation in the change in Ron,sp is observed. Conversely, 
the Eox,max is proportional to the LPJ. However, it is observed 
that misalignment of the split poly-Si gate has a considerable 
impact on the Eox,max for SG-MOSFETs. Specifically, when 

Fig. 5   Total current density in conduction mode (at a VDS of 20  V 
and a VGS of 18 V) for the a SG-MOSFET and b PSG-MOSFET

Fig. 6   Comparison of the a BV, Eox,max and b Ron,sp characteristics 
according to the WP

Fig. 7   Comparison of the Ron,sp and Eox,max for SG-MOSFETs and 
PSG-MOSFETs according to the LPJ
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the LPJ is 0.5 μm or greater, SG-MOSFETs exhibit an Eox,max 
exceeding 8 MV/cm, which is the critical electric field for 
SiO2 [39]. In contrast, for PSG-MOSFETs, it is shown that 
the Eox,max remains at a reliable level even when LPJ var-
ies due to the P-shielding region which can protect the gate 
oxide from the electric field.

The parasitic capacitance characteristics of 1.2 kV SiC 
MOSFETs were extracted at a test frequency of 1 MHz via 
mixed-mode simulation as shown in Fig. 8. It is noted that 
the PSG-MOSFET exhibits a significantly reduced Crss in 
comparison to both the C-MOSFET and the SG-MOSFET. 
Specifically, at a VDS of 1 kV, the Crss of the PSG-MOSFET 
was reduced by 85.71% and 55.32% in comparison to the 
C- MOSFET and the SG-MOSFET, respectively. As shown 
in Eq. (1) and Fig. 9a, the Crss is the series-connected capaci-
tance of the Cox and Cdep. For the SG-MOSFET and PSG-
MOSFET, the reduction in Cox can be achieved by the split 
gate structure. As shown in Fig. 9b, the further expansion of 
the depletion region by the P-shielding region is responsible 
for the significant reduction in the Cdep. As a result of the 
reduction in both the Cox and the Cdep, the Crss of the PSG-
MOSFET can be considerably reduced in comparison to that 
of the C-MOSFET and SG-MOSFET. In contrast, the input 
capacitance (Ciss) and output capacitance (Coss) of the PSG-
MOSFET exhibit only a negligible change.

According to Eq. (2), the QGD represents the quantity of 
charge that is stored in the Crss during the switching process 
of the SiC MOSFET. In other words, a reduction in the Crss 

(1)Crss = CGD =

Cox × Cdep

Cox + Cdep

is accompanied by a corresponding decrease in the QGD. The 
gate charge characteristics of 1.2 kV SiC MOSFETs were 
extracted via mixed-mode simulation, as shown in Fig. 10. 
It has been demonstrated that the PSG-MOSFET exhibits 
reduced QGD, because of improved Crss in comparison to the 

Fig. 8   Parasitic capacitance characteristics (Ciss, Coss, Crss) of 1.2 kV 
SiC MOSFETs

Fig. 9   a Parasitic capacitance within the SiC MOSFET and b cross-
sectional view of the PSG-MOSFET in blocking mode

Fig. 10   Gate charge characteristics of 1.2 kV SiC MOSFETs
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C-MOSFET and the SG-MOSFET. Specifically, The QGD 
of the PSG-MOSFET is reduced by 81.85% and 47.87% 
in comparison to the C-MOSFET and the SG-MOSFET, 
respectively.

A double pulse test via mixed-mode simulation was con-
ducted to compare the switching characteristics of 1.2 kV 
SiC MOSFETs. Figure 11 shows the half-bridge schematic 
employed in the double pulse test. The gate voltage was 
pulsed from − 5 V to 18 V, and an 800 V voltage source 
was employed at the drain stage. The internal gate resist-
ance, external gate resistance, and load inductance were 1 
mΩ, 10 Ω, and 120 μH, respectively. The total switching 
energy losses (Etotal) were calculated as the sum of the turn-
on switching loss (Eon) and the turn-off switching energy 
loss (Eoff), which were extracted by integrating the product 
of the VDS and the drain current (ID).

Figures 12 and 13 show the switching waveforms of 
VGS, VDS, and ID for 1.2 kV SiC MOSFETs during the turn-
off and turn-on transients. As shown in Figs. 12a and 13a, 
the PSG-MOSFET exhibits reduced turn-off and turn-on 
transient times in comparison to the C-MOSFET and SG-
MOSFET. Furthermore, it is noted that the PSG-MOSFET 
exhibits a higher di/dt of ID in comparison to both struc-
tures, as shown in Figs. 12b and 13b. However, during 
the turn-on transient of the PSG-MOSFET, the additional 
reverse recovery current from the P-shield region results 
in a relatively large overshoot of the ID. Nevertheless, due 
to the high di/dt and reduced turn-off and turn-on transient 
times, the PSG-MOSFET achieved a reduction in the Etotal 
by 27.99% and 15.57%, in comparison to the C-MOSFET 

(2)QGD=∫
VDS

VON

Crss

(

VD

)

dVD

and SG-MOSFET, respectively, as shown in Fig. 14. It is 
observed that this improvement in the Etotal can be attributed 
to the reduced Crss and QGD of the PSG-MOSFET.

Table 2 shows results of TCAD simulation conducted 
in this work. The Eox,max, Ron,sp, Crss, QGD, and Etotal of the 
PSG-MOSFET were 2.95 MV/cm, 4.31 mΩ⋅cm2, 0.49 
nC, 0.42 pF, and 135.42 μJ, respectively. Although only a 
13.72% increase in Ron,sp in comparison to the SG-MOSFET, 
the PSG-MOSFET achieved a 38.28% decrease in Eox,max, 
a 55.32% decrease in Crss, a 47.85% decrease in QGD, and a 
15.57% decrease in Etotal. Consequently, the PSG-MOSFET 
exhibits low Eox,max and reduced Etotal.

4 � Conclusion

1.2 kV P-shielded Split Gate SiC MOSFETs were designed 
and analyzed via TCAD simulation. PSG-MOSFETs feature 
a P-shielding region within the JFET region to suppress the 
electric field crowding at the gate oxide and improve switch-
ing characteristics. The P-shielding region within the JFET 
region was formed through an ion implantation process for 

Fig. 11   Schematic of double-pulse circuit implemented in the TCAD 
simulation

Fig. 12   Switching waveforms of the a VDS, VGS, and b ID for 1.2 kV 
SiC MOSFETs during turn-off transient
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the P-source, eliminating the necessity for an additional pho-
tomask. In comparison to C-MOSFETs and SG-MOSFETs, 
PSG MOSFETs exhibited a reduced Eox,max and improved 
Crss, QGD, and Etotal.

Acknowledgements  This research was supported by the MSIT 
(Ministry of Science and ICT), Korea, under the ITRC (Information 
Technology Research Center) support program (IITP-2024-RS-2024- 
00438288) supervised by the IITP (Institute for Information & Com-
munications Technology Planning & Evaluation).

Declarations 

Conflict of interest  Kanghee Shin, Dongkyun Kim, Minu Kim, Junho 
Park, and Ogyun Seok declare that we have no competing financial in-
terests or personal relationships that could have appeared to influence 
the work reported in this paper.

References

	 1.	 Millán J, Godignon P, Perpiñà X, Pérez-Tomás A, Rebollo J 
(2014) A survey of wide bandgap power semiconductor devices. 
IEEE Trans Power Electron 29(5):2155–2163. https://​doi.​org/​10.​
1109/​TPEL.​2013.​22689​00

	 2.	 She X, Huang AQ, Lucía Ó, Ozpineci B (2017) Review of sili-
con carbide power devices and their applications. IEEE Trans Ind 
Electron 64(10):8193–8205. https://​doi.​org/​10.​1109/​TIE.​2017.​
26524​01

	 3.	 Kimoto T (2015) Material science and device physics in SiC tech-
nology for high-voltage power devices. J Appl Phys 54(4):040103. 
https://​doi.​org/​10.​7567/​JJAP.​54.​040103

	 4.	 Östling M, Ghandi R and Zetterling C-M (2011) SiC power 
devices — present status, applications and future perspective. In: 
Proceedings of IEEE international symposium power semiconduc-
tor devices and ICs, San Diego, California, USA. https://​doi.​org/​
10.​1109/​ISPSD.​2011.​58907​78.

	 5.	 Kimoto T (2023) Fundamentals, commercialization, and future 
challenges of SiC power devices. In: Proceedings of IEEE inter-
national meeting future electron devices, Kyoto, Japan. https://​doi.​
org/​10.​1109/​IMFED​K60983.​2023.​10366​348

	 6.	 Kimoto T, Niwa H, Kaji N, Kobayashi T, Zhao Y, Mori S and 
Aketa M (2017) Progress and future challenges of SiC power 

Fig. 13   Switching waveforms of the a VDS, VGS, and b ID for 1.2 kV 
SiC MOSFETs during turn-on transient

Fig. 14   Comparison of switching energy losses of 1.2 kV SiC MOS-
FETs

Table 2   Summary of TCAD simulation results

Electrical charac-
teristics [Unit]

C-MOSFET SG-MOSFET PSG-MOSFET

Ron,sp [mΩ⋅cm2] 3.65 3.80 4.31
Vth [V] 3.99 3.99 4.15
BV [V] 1536 811 1710
Eox,max [MV/cm] 4.08 4.78 2.95
QGD [nC] 2.70 0.94 0.49
Ciss [pF]
(at VDS = 1 kV)

455.57 402.82 409.94

Coss [pF]
(at VDS = 1 kV)

13.89 13.80 13.95

Crss [pF]
(at VDS = 1 kV)

2.94 0.93 0.42

Ron × Crss [pΩ⋅F]
(at VDS = 1 kV)

0.72 0.24 0.12

Eon [μJ] 165.07 148.10 126.02
Eoff [μJ] 22.99 12.29 9.40
Etotal [μJ] 188.06 160.40 135.42

https://doi.org/10.1109/TPEL.2013.2268900
https://doi.org/10.1109/TPEL.2013.2268900
https://doi.org/10.1109/TIE.2017.2652401
https://doi.org/10.1109/TIE.2017.2652401
https://doi.org/10.7567/JJAP.54.040103
https://doi.org/10.1109/ISPSD.2011.5890778
https://doi.org/10.1109/ISPSD.2011.5890778
https://doi.org/10.1109/IMFEDK60983.2023.10366348
https://doi.org/10.1109/IMFEDK60983.2023.10366348


1074	 Journal of Electrical Engineering & Technology (2025) 20:1067–1075

devices and process technology. In Proceedings of IEEE interna-
tional electron devices meeting, San Francisco, California, USA. 
https://​doi.​org/​10.​1109/​IEDM.​2017.​82683​60

	 7.	 Baliga BJ (1996) Trends in power semiconductor devices. IEEE 
Trans Electron Devices 43(10):1717–1731. https://​doi.​org/​10.​
1109/​16.​536818

	 8.	 Buffolo M, Favero D, Marcuzzi A, De Santi C, Meneghesso G, 
Meneghini M (2024) Review and outlook on GaN and SiC power 
devices: industrial state-of-the-art, applications, and perspectives. 
IEEE Trans Electron Devices 71(3):1344–1355. https://​doi.​org/​10.​
1109/​TED.​2023.​33463​69

	 9.	 Chaturvedi M, Dimitrijev S, Haasmann D, Moghadam HA, Pande 
P, Jadli U (2022) Comparison of commercial planar and trench 
SiC MOSFETs by electrical characterization of performance-
degrading near-interface traps. IEEE Trans Electron Devices 
69(11):6225–6230. https://​doi.​org/​10.​1109/​TED.​2022.​32061​84

	10.	 Puschkarsky K, Grasser T, Aichinger T, Gustin W, Reisinger H 
(2019) Review on SiC MOSFETs high-voltage device reliability 
focusing on threshold voltage instability. IEEE Trans Electron 
Devices 66(11):4604–4616. https://​doi.​org/​10.​1109/​TED.​2019.​
29382​62

	11.	 Tian K, Hallén A, Qi J, Nawaz M, Ma S, Wang M, Guo S, Elgam-
mal K, Li A, Liu W (2019) Comprehensive characterization of the 
4H-SiC planar and trench gate MOSFETs from cryogenic to high 
temperature. IEEE Trans Electron Devices 66(10):4279–4286. 
https://​doi.​org/​10.​1109/​TED.​2019.​29345​07

	12.	 Yang T, Wang Y, Yue R (2020) SiC trench MOSFET with reduced 
switching loss and increased short-circuit capability. IEEE Trans 
Electron Devices 67(9):3685–3690. https://​doi.​org/​10.​1109/​TED.​
2020.​30059​92

	13.	 Baliga BJ (2022) An academic's perspective on sic power devices: 
retrospection and prognostication. In: Proceedings of IEEE work-
shop wide bandgap power devices and applied, Redondo Beach, 
California, USA. https://​doi.​org/​10.​1109/​WiPDA​56483.​2022.​
99552​59

	14.	 Shi S, Zhou X, Yue R and Wang Y (2016) An improved structure 
of 3.3kV 4H-SiC VDMOSFETs with lower on-resistance and 
reverse transfer capacitance. In: Proceedings of IEEE interna-
tional conference solid-state and integrated circuit technology, 
Hangzhou, China. https://​doi.​org/​10.​1109/​ICSICT.​2016.​79986​56

	15.	 Baliga BJ (2023) Silicon carbide power devices: progress 
and future outlook. IEEE J Emerg Sel Top Power Electron 
11(3):2400–2411. https://​doi.​org/​10.​1109/​JESTPE.​2023.​32583​44

	16.	 Sung W, Han K and Baliga BJ (2017) Optimization of the JFET 
region of 1.2kV SiC MOSFETs for improved high frequency fig-
ure of merit (HF-FOM). In: Proceedings of proceedings of IEEE 
workshop wide bandgap power devices and applied, Albuquerque, 
New Mexico, USA, pp 238–241. https://​doi.​org/​10.​1109/​WiPDA.​
2017.​81705​53

	17.	 Han K, Baliga BJ (2019) Comparison of four cell topologies for 
1.2-kV accumulation- and inversion-channel 4H-SiC MOSFETs: 
analysis and experimental results. IEEE Trans Electron Devices 
66(5):2321–2326. https://​doi.​org/​10.​1109/​TED.​2019.​29057​36

	18.	 Agarwal A, Han K, Baliga BJ (2019) Impact of cell topology on 
characteristics of 600V 4H-SiC planar MOSFETs. IEEE Electron 
Device Lett 40(5):773–776. https://​doi.​org/​10.​1109/​LED.​2019.​
29080​78

	19.	 Han K, Baliga BJ (2019) The 1.2-kV 4H-SiC OCTFET: a new cell 
topology with improved high-frequency figures-of-merit. IEEE 
Electron Device Lett 40(2):299–302. https://​doi.​org/​10.​1109/​
LED.​2018.​28892​21

	20.	 Chen S-H, Liu C-L, Huang C-N, Hsieh H-M, Chang P-K, Wu 
R-C, Lee K-Y, Huang C-F (2023) Modulation of Ciss of a 4H-SiC 
planar MOSFET with a shorter sidewall and a thicker gate. IEEE 
Electron Device Lett 44(11):1825–1828. https://​doi.​org/​10.​1109/​
LED.​2023.​33126​71

	21.	 Kim D, Yun N, Jang SY, Morgan AJ, Sung W (2021) An inclusive 
structural analysis on the design of 1.2kV 4H-SiC planar MOS-
FETs. IEEE J Electron Devices Soc 9:804–812. https://​doi.​org/​
10.​1109/​JEDS.​2021.​31096​05

	22.	 Han K, Baliga BJ, Sung W (2017) Split-gate 1.2-kV 4H-SiC 
MOSFET: analysis and experimental validation. IEEE Electron 
Device Lett 38(10):1437–1440. https://​doi.​org/​10.​1109/​LED.​
2017.​27386​16

	23.	 Xu H-Y, Wang Y, Bao M-T, Cao F (2022) Low switching loss 
split-gate 4H-SiC MOSFET with integrated heterojunction diode. 
IEEE J Electron Devices Soc 10:554–561. https://​doi.​org/​10.​1109/​
JEDS.​2022.​31924​20

	24.	 Han K, Baliga BJ (2018) Operation of 1.2-kV 4H-SiC accumula-
tion and inversion channel split-gate (SG) MOSFETs at elevated 
temperatures. IEEE Trans Electron Devices 65(8):3333–3338. 
https://​doi.​org/​10.​1109/​TED.​2018.​28419​40

	25.	 Han K, Baliga BJ (2019) Analysis and experimental quantification 
of 1.2-kV 4H-SiC split-gate octagonal MOSFET. IEEE Electron 
Device Lett 40(7):1163–1166. https://​doi.​org/​10.​1109/​LED.​2019.​
29176​37

	26.	 Yu H, Wang J, Liang S, Deng G, Liu H, Ji B, Shen ZJ (2022) 
1.2-kV silicon carbide planar split-gate MOSFET with source 
field plate for superior figure-of-merits. IET Power Electron 
15(14):1502–1510. https://​doi.​org/​10.​1049/​pel2.​12321

	27.	 Vudumula P, Kotamraju S (2019) Design and optimization of 
1.2-kV SiC planar inversion MOSFET using split dummy gate 
concept for high-frequency applications. IEEE Trans Electron 
Devices 66(12):5266–5271. https://​doi.​org/​10.​1109/​TED.​2019.​
29494​59

	28.	 Yu H, Wang J, Zhang J, Liang S, Shen ZJ (2024) Theoretical 
analysis and experimental characterization of 1.2-kV 4H-SiC 
planar split-gate MOSFET with source field plate. IEEE Trans 
Electron Devices 71(3):1508–1512. https://​doi.​org/​10.​1109/​TED.​
2023.​33366​44

	29.	 Ni W, Wang X, Xu M, Li M, Feng C, Xiao H, Jiang L, Li W, Wang 
Q (2020) Comparative study of SiC planar MOSFETs with dif-
ferent p-body designs. IEEE Trans Electron Devices 67(3):1071–
1076. https://​doi.​org/​10.​1109/​TED.​2020.​29667​75

	30.	 Han K, Baliga BJ, Sung W (2018) A Novel 1.2 kV 4H-SiC buff-
ered-gate (BG) MOSFET: analysis and experimental results. IEEE 
Electron Device Lett 39(2):248–251. https://​doi.​org/​10.​1109/​
LED.​2017.​27857​71

	31.	 Han K, Baliga BK and Sung W (2022) Accumulation channel 
vs. inversion channel 1.2 kV rated 4H-SiC buffered-gate (BG) 
MOSFETs: analysis and experimental results. In: Proceedings of 
IEEE international symposium power semiconductor devices and 
ICs, Chicago, Illinois, USA. https://​doi.​org/​10.​1109/​ISPSD.​2018.​
83936​80

	32.	 Kim D, Sung W (2021) Improved short-circuit ruggedness for 
1.2kV 4H-SiC MOSFET using a deep P-Well implemented by 
channeling implantation. IEEE Electron Device Lett 42(12):1822–
1825. https://​doi.​org/​10.​1109/​LED.​2021.​31232​89

	33.	 Kim D, Yun N, Morgan AJ, Sung W (2022) The effect of deep 
JFET and P-well implant of 1.2kV 4H-SiC MOSFETs. IEEE J 
Electron Devices Soc 10:989–995. https://​doi.​org/​10.​1109/​JEDS.​
2022.​32186​89

	34.	 Kim D, Jang SY, DeBoer S, Morgan AJ, Sung W (2022) An opti-
mal design for 1.2kV 4H-SiC JBSFET (junction barrier Schottky 
diode integrated MOSFET) with deep P-well. IEEE Electron 
Device Lett 43(5):785–788. https://​doi.​org/​10.​1109/​LED.​2022.​
31621​56

	35.	 Zhang QJ, Duc J, Hull B, Young J, Ryu S-H, Allen S, Palmour 
J (2015) CIMOSFET: a new MOSFET on SiC with a superior 
Ron·Qgd figure of merit. Mater Sci Forum 821–823:765–768. 
https://​doi.​org/​10.​4028/​www.​scien​tific.​net/​msf.​821-​823.​765

https://doi.org/10.1109/IEDM.2017.8268360
https://doi.org/10.1109/16.536818
https://doi.org/10.1109/16.536818
https://doi.org/10.1109/TED.2023.3346369
https://doi.org/10.1109/TED.2023.3346369
https://doi.org/10.1109/TED.2022.3206184
https://doi.org/10.1109/TED.2019.2938262
https://doi.org/10.1109/TED.2019.2938262
https://doi.org/10.1109/TED.2019.2934507
https://doi.org/10.1109/TED.2020.3005992
https://doi.org/10.1109/TED.2020.3005992
https://doi.org/10.1109/WiPDA56483.2022.9955259
https://doi.org/10.1109/WiPDA56483.2022.9955259
https://doi.org/10.1109/ICSICT.2016.7998656
https://doi.org/10.1109/JESTPE.2023.3258344
https://doi.org/10.1109/WiPDA.2017.8170553
https://doi.org/10.1109/WiPDA.2017.8170553
https://doi.org/10.1109/TED.2019.2905736
https://doi.org/10.1109/LED.2019.2908078
https://doi.org/10.1109/LED.2019.2908078
https://doi.org/10.1109/LED.2018.2889221
https://doi.org/10.1109/LED.2018.2889221
https://doi.org/10.1109/LED.2023.3312671
https://doi.org/10.1109/LED.2023.3312671
https://doi.org/10.1109/JEDS.2021.3109605
https://doi.org/10.1109/JEDS.2021.3109605
https://doi.org/10.1109/LED.2017.2738616
https://doi.org/10.1109/LED.2017.2738616
https://doi.org/10.1109/JEDS.2022.3192420
https://doi.org/10.1109/JEDS.2022.3192420
https://doi.org/10.1109/TED.2018.2841940
https://doi.org/10.1109/LED.2019.2917637
https://doi.org/10.1109/LED.2019.2917637
https://doi.org/10.1049/pel2.12321
https://doi.org/10.1109/TED.2019.2949459
https://doi.org/10.1109/TED.2019.2949459
https://doi.org/10.1109/TED.2023.3336644
https://doi.org/10.1109/TED.2023.3336644
https://doi.org/10.1109/TED.2020.2966775
https://doi.org/10.1109/LED.2017.2785771
https://doi.org/10.1109/LED.2017.2785771
https://doi.org/10.1109/ISPSD.2018.8393680
https://doi.org/10.1109/ISPSD.2018.8393680
https://doi.org/10.1109/LED.2021.3123289
https://doi.org/10.1109/JEDS.2022.3218689
https://doi.org/10.1109/JEDS.2022.3218689
https://doi.org/10.1109/LED.2022.3162156
https://doi.org/10.1109/LED.2022.3162156
https://doi.org/10.4028/www.scientific.net/msf.821-823.765


1075Journal of Electrical Engineering & Technology (2025) 20:1067–1075	

	36.	 Zhang QJ, Duc J, Hull B, Young J, Ryu S-H, Allen S and Pal-
mour J (2015) Latest results on 1200 V 4H-SiC CIMOSFETs 
with Rsp, on of 3.9 mΩ·cm2 at 150°C. In: Proceedings of IEEE 
international symposium power semiconductor devices and ICs, 
Hong Kong, China. https://​doi.​org/​10.​1109/​ISPSD.​2015.​71233​96.

	37.	 Zhou X, Yue R, Zhang J, Dai G, Li J, Wang Y (2017) 4H-SiC 
trench MOSFET with floating/grounded junction barrier-con-
trolled gate structure. IEEE Trans Electron Devices 64(11):4568–
4574. https://​doi.​org/​10.​1109/​TED.​2017.​27557​21

	38.	 Park Y, Yoon H, Kim C, Kim G, Kang G, Seok O, Ha M-W (2023) 
Design of 12 kV SiC trench MOSFET using tilted ion implanta-
tion for suppression of electric field crowding at the bottom of 
the gate oxide. Jpn J Appl Phys 62(1):011001. https://​doi.​org/​10.​
35848/​1347-​4065/​acaadf

	39.	 Shi L, Qian J, Jin M, Bhattacharya M, Yu H, Shimbori A, White 
MH, Agarwal AK (2024) Investigation on gate oxide reliability 
under gate bias screening for commercial SiC planar and trench 
MOSFETs. Mater Sci Semicond Process 174(1):108194. https://​
doi.​org/​10.​1016/j.​mssp.​2024.​108194

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

Kanghee Shin  he is B.S. degree 
candidate in Electronic Engi-
neering from Kumoh National 
Institute of Technology, Gumi, 
Republic of Korea. His research 
interests include the design and 
fabrication of wide bandgap 
semiconductor-based power 
devices.

Dongkyun Kim  he is B.S. degree 
candidate in Electronic Engi-
neering from Kumoh National 
Institute of Technology, Gumi, 
Republic of Korea. He is cur-
rently working at Korea Circuit 
Co., Ltd, Ansan, Republic of 
Korea. His research interests 
include the semiconductor man-
ufacturing process, data analysis, 
and maintenance of semiconduc-
tor facilities.

Minu Kim  he is B.S. degree can-
didate in Electronic Engineering 
from Kumoh National Institute 
of Technology, Gumi, Republic 
of Korea. He is currently work-
ing at i3system, Inc., Daejeon, 
Republic of Korea. His research 
interests include the develop-
ment and optimization of infra-
red sensors for detection and 
imaging.

Junho Park  he is B.S. degree 
candidate in Electronic Engi-
neering from Kumoh National 
Institute of Technology, Gumi, 
Republic of Korea. His research 
interests include the semicon-
ductor manufacturing process, 
data analysis, and maintenance 
of semiconductor facilities.

Ogyun Seok  he received his 
Ph.D. degree (2013) in Electrical 
and Computer Engineering from 
Seoul National University, 
Seoul, Republic of Korea. From 
2013 to 2014, he was a Postdoc-
toral Researcher in the Depart-
ment of Electrical and Computer 
Engineering at University of 
Illinois at Urbana-Champaign, 
Champaign, IL, United States. 
From 2014 to 2020, he joined the 
Power Semiconductor Research 
Center at the Korea Electrotech-
nology Research Institute, 
Changwon, Republic of Korea as 

a Senior Researcher. From 2020 to 2024, he was an Assistant Professor 
in the School of Electronic Engineering in Kumoh National Institute 
of Technology, Gumi, Republic of Korea. Since 2024, he has been with 
Pusan National University, Busan, Republic of Korea, as an assistant 
professor in the School of Electrical & Electronic Engineering. He 
currently develops power semiconductor devices including SiC planar 
MOSFETs, SiC P-i-N diodes, SiC super-junction diodes, and GaN 
HEMTs.

https://doi.org/10.1109/ISPSD.2015.7123396
https://doi.org/10.1109/TED.2017.2755721
https://doi.org/10.35848/1347-4065/acaadf
https://doi.org/10.35848/1347-4065/acaadf
https://doi.org/10.1016/j.mssp.2024.108194
https://doi.org/10.1016/j.mssp.2024.108194

	Improved Switching Characteristics of 1.2 kV P-Shielded Split Gate SiC MOSFETs
	Abstract
	1 Introduction
	2 Device Structures and Simulation Methods
	3 Results and Discussion
	4 Conclusion
	Acknowledgements 
	References




