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FROM ENERGY STORAGE SYSTEMS TO GATE DIELECTRICS N\
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SIC POWER SEMICONDUCTORS UNDER ENERGY STORAGE: 2022-2024

“Power conversion systems are an enabling technology for energy storage systems.”
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FUNDAMENTAL CHALLENGE BELOW 3300 V
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SANDIA’S GAN MOSFET: HAFNIA ON GAN N\

o) Near-commercial 1.2 kV, 3.75 mQ-cm?

On-state current density SiC D-MOSFETs measured at 27 mA/mm
of 330 mA/mm at V, =5V
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TRANSFERRING THE TECHNOLOGY TO SIC

DOE-OE funding exposed the bottleneck. Capability to enhance performance and reliability \
(including extreme operating conditions)

DOE-TTO hafnia work solved part of it in GaN.

That insight motivated transferring hafnia back into SiC. Potential for DMOS to perform equal to TMOS
1200 V Rated Devices 650 V Rated Devices
. -
Why Si¢? 1\
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* Robust foundry ecosystem already in place R o
* Higher TRL for SiC compared to GaN I "

e Quick impact to real systems
* Quick to deploy once proven

Minimize R, through
high-k gate dielectric




POTENTIAL FOR HFO, AND HIGH-K ON SILICON CARBIDE

Sandia’s bulk HfO,-on-SiC
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Four orders of magnitude reduction in
leakage at driving strength (2 MV/cm)

Hafnia-gated GaN MOSFETs

Hafnia film sample on 4” SiC

HfO; is capable for
SiC as well as GaN

Minimize R, through
high-k gate dielectric




FUTURE OF WBG: SUMMARY
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SmartSiC™ reduces the substrate contribution by 8x

Soitec presentation, first shown at CS International in Brussels 2023

Poly-SiC wafers can reduce cost
and further improve R,

Will be available at X-FAB
Announced: May 22, 2024
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Tremendous potential for unrealized gains in 650-1700 V devices®

N

2-3x improvement over present state-of-the-art

Next generation high-k gate dielectrics
Substrate technology
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FULL CIRCLE: FROM DOE-OE SIC CHALLENGES TO NEXT GEN. ENERGY STORAGE ™\
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DOE-OE challenges sparked the insight.
DOE-TTO innovation made it possible. Together, we close the loop.




Questions?
Andrew Binder: abinder@sandia.gov
Stan Atcitty: satcitt@sandia.gov
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