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Third-Generation SBD-Embedded SiC MOSFETSs to Achieve Balance between Reliability Improvement and
Switching Loss Reduction
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Although silicon carbide (SiC) holds promise as a key semiconductor material for realizing power metal-oxide-semiconductor field-effect transis-
tors (MOSFETs) with higher voltage and lower loss compared with Si MOSFETSs, problems regarding the reliability of SiC MOSFETs are a critical issue.

Toshiba Electronic Devices & Storage Corporation has responded to this situation by developing SiC MOSFETs in which reliability is improved by
means of an embedded Schottky barrier diode (SBD). However, the embedded SBD reduces the area available for the functioning of the MOSFET,
thereby degrading the performance of SBD-embedded SiC MOSFETSs. To resolve this issue, we have now developed third-generation SBD-embedded
SiC MOSFETSs that succeed in achieving a balance between improvement of reliability and reduction of switching loss due to the adoption of a newly
designed device structure.

1. FADE —

N7 —HERICIE, BHEEE - T 2% E B,
BRAEEOE LM — R =2 — IV DEBICRHA]
RTHb, SiCix, FEKDSiLkDHEME - KB I
BB XA D87 —EEMBLL L TERS TV 525,
IR —FNAZRDMBLE LTS ITE, R4 R Z kT

LZNENRHD, ZD—2h, SiC MOSFET I HFET S pn&AA=h
pny A A —FIEKT2METH S, pnF A+ —Ficty w
LA

BHEM EOBELSHIME N5 LE RN, ZTOME, X
D &S AN = A LT SIC DGR B E LA S, MOSFET
DIEFLEIEIMNS DL LN TN D,

png A A —RicE RTINS L, SICHICETEIELD
2EEOX Y7 =D EASN, HEASREETEELY
HiEATALZICIANY —2FETE, ZOTFLF—
Ik TN — I E T 5 BPD (Basal Plane Disloca-
tion) VEMETNBEEAIERL, BEXICRE, Chdd
¥x )7 —DHEERKERD, pnF A A —FoA v BIEL

N REE OB BB
Pt AR O\ \pBL A E (K

1. SiC MOSFET DEfERE MOSFET DHRICHZ pn ZAF—F

737 — MOSFETORLA v &YV —ZADRICiZpn &4 4 — RBHFAEL, Zhuc
BILHALS & SIC O R Bz LA S, MOSFET OEFIA NS €5,

Cross-sectional structure of SiC MOSFET and pn diodes formed between
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Cross-sectional structure of third-generation SiC MOSFET and current
paths when current passed through SBD
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Improvements in structure of third-generation SiC MOSFET
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Drain-voltage dependence of feedback capacitance of 1.2 kV-class
second- and third-generation SBD-embedded SiC MOSFETs
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Comparison of R.nA of 1.2 kV-class second- and third-generation
SBD-embedded SiC MOSFETs when R,.A of second-generation SiC
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Comparison of R, x gate-drain capacitance (Qq4) of 1.2 kV-class
second- and third-generation SBD-embedded SiC MOSFETs when R,,
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Turn-on transient waveform data of 1.2 kV-class second- and third-
generation SBD-embedded SiC MOSFETs
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Turn-off transient waveform data of 1.2 kV-class second- and third-
generation SBD-embedded SiC MOSFETs
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Comparison of switching loss of 1.2 kV-class second- and third-
generation SBD-embedded SiC MOSFETs
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Evaluation of fluctuation ratio of R,, of third-generation SBD-
embedded MOSFET under DC energization
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