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KPIs of power semiconductor devices

High breakdown voltage: to sustain high operating voltages
Low ON-resistance: to reduce conduction losses and improve efficiency

Fast switching: to minimize switching losses
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Efficient heat dissipation: to limit performance degradation and improve
reliability

5. Cost-effectiveness: to enable large-scale adoption
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Material/Device Properties: Si, SiC, GaN

Wider bandgap reduces intrinsic carrier
concentration and leakage current

Si Band Gap (eV)
— —4H-SiC 4+
— — GaN
Higher thermal conductivity improves heat Con-gzi’:i?/}fsl gir;ﬁ'gal higher critical field enables
removal and enables high power density (Wiem-K) (MV/cm) higher breakdown voltage

Saturation Velocity Electron Mobility
(107 cm/s) (10° cm?/V-s)

higher electron mobility reduces

Higher carrier saturation velocity
resistivity and the conduction losses

enables higher switching frequency
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Why GaN and SiC Devices for Power Electronics?

 SiC was the first mature option to overcome the limits of Si, but:
* |ts relatively poor channel mobility makes it more attractive above 600 V

* GaN can deliver comparable performance with lower cost and easier

Integration
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Power Device Market Forecast: SiC, GaN

2024 — 2030 POWER SIC DEVICE MARKET, GaN power device market in $M split by end-markets:
SPLIT BY APPLICATION 2024-2030

Source: Power SiC 2025 — Markets & Applications report, Yole Group (Source: Power GaN 2025, Yole Group, October 2025)
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GaN & SiC Power Device Players (2024)

GaN device players’ market share in 2023-2024
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* In 2024, the GaN market was led mainly by U.S. and Chinese players

* In contrast, the SiC market showed stronger European leadership
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Power Electronics Requires Normally-OFF Devices

12__\/ 600 V
High-Voltage
Failure H| Short-circuit current
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* |In the event of gate-driver failure, transistors must remain OFF for safe operation
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Commercially available GaN Power Transistors

Hybrid approach: HV GaN + LV Si Monolithic approach
Pro’s Pro’s
* Normally-on GaN offers low R, high BV, good reliability * Enable IC integration, support higher switching frequencies,
* Compatible with standard silicon gate drivers already on the market lower cost
Con’s Con’s
e Parasitic inductances introduced during packaging may limit overall *  More complex manufacturing process
performance * Limited overdrive, reliability

* Higher Cost

D=600V

* Both are commercially established
i mainly in the 650 V class
PR * Only a few vendors offers GaN

GAN

AlGaN barrier
GaN channel
cascode up to 1200 V (GaN-on-
sapphire)
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R&D stage: Vertical or Quasi-vertical GaN

Goal: Higher BV and lower Ron in a smaller chip area
Main Barriers: reliability, cost, material/substrate quality, and process complexity/yield

Vertical Quasi-vertical
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) ) [C. Liu etal., IEEE EDL, vol. 39, no. 1, 2018,
[R. Shankari et al., Microelectron. Eng., Vol. 302, doi: 10.1109/LED.2017.2779445. | n-GaN
2026, https://doi.org/10.1016/j.mee.2025.112418.]

ﬁ

[R. Zhu et al., IEEE EDL, vol. 42, no. 7, 2021, doi: 10.1109/LED.2021.3080260]

[W. Lietal., IEEE DRC, 2017,
doi: 10.1109/DRC.2017.7999414]
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Emerging Technologies: The Need for New
Standards and Tests (1)

* Gate Reliability in GaN HEMTs differs from that of Si-MOSFET

 DCstress is no longer the worst-case reliability condition (mission profile)

* High switching frequency may activate additional degradation mechanisms
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Emerging Technologies: The Need for New
Standards and Tests (2)

OFF-state reliability: the combination of high voltage and high frequency accelerates
degradation in GaN devices
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* Reliability static tests (HTRB) is no longer
representative
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Sources: [M. Millesimo et al., “Lifetime modeling of Schottky p-GaN Gate HEMTs under Dynamic Stress Tests”, IEEE TPEL, under review, 2026]
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Wide

The Wide BandGap (WBG) Pilot Line INBG:

future power electronics

* One of the five pilot lines launched under the Chips
for Europe Initiative

* Coordinated by the Italian National Research Council
(CNR-IMM)

* Focused on the development and industrialization
of WBG semiconductors, including SiC and GaN

* A 5-year, €360 million proLect involving 15 partners
across 7 EU countries, with most of the investment
allocated to the construction of a new laboratory in
Catania (Italy)

* Aims to bridge the gap between lab. research and fey WEL
industrial manufacturing = | @IMM  cHiPapOWER

* A strategic initiative to str_engthe.n Europe’s
technological autonomy in semiconductors

"' EUJAPAN DIGITAL WEEK 2026
z The EU-Japan Digital Week is organised as part

23 March - 30 March 2026 | Tokyo, Japan

of the EU-Japan Digital Partnership




WP1: Project management

WBG Pilot Line Project

/Bulk Material &\
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WP3: Bulk materials
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epitaxy

WPA4: Ultra-Wide-
Bandgap
Semiconductors for Next
Generation Power
Electronics

/ Processing and characterization \
-

WP5: Power device
integration enabled by
innovative engineered

substrates

WP6: SiC bipolar and
GaN rf and power
device technologies

WP7: WBG power and HF
devices: materials & devices
processing, characterization,

WP8: Thin film
technology for WBG

modelling and reliability MEMS devices

WP9: Packaging and

advanced integration
for demonstrators

|

WP10: Dissemination and Training

Wide
Band
Gap

future power electronics

* From materials

* to device
processing and
characterization

* including
packaging
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WBG Pilot Line Activities NBG

future power electronics
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WBG Pilot Line: Power Devices INBG:

future power electronics
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* Different materials and technologies * Industrial stakeholders that have expressed interest
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General conclusions

* GaN and SiC are complementary WBG technologies for next-generation
power electronics

* GaN-on-Si lateral normally-OFF devices are currently among the most
relevant solutions up to “650 V

* Dedicated reliability models and test methods are needed to properly
qualify WBG devices under realistic operating conditions

* Further advances are still required for higher-voltage GaN and for UWBG-
based power devices

* Pilot-line initiative is crucial to accelerate the transfer of WBG technologies
from lab to industry
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