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Semiconductors, Sustainability, and the road to NetZero

Wide Bandgap Power Semiconductors:

key to enabling energy efficient power conversion

David Clark, CTO

From concept to prototype to manufacture



Introduction to Clas-SiC Clas-SiC

%

Worlds first SiC Dedicated open, Wafer Fab serving SiC power device industry as a
technology leader since 2017

Enabling reduced time to market through fast development and prototyping.
Taking customers from concept to production

7

Process design kit offering and proven process technology, gives a right
first-time approach

. |Engineering services to transition ‘capacity hungry’ devices to
| higher rate production in other fabs

a | Over 300 years of cumulative experience in SiC device
M | processing

Proud of our Scottish heritage - serving globally
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Wide bandgap power semiconductors Clas-SiC
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Wide Bandgap Power Conversion Applications Clas-Ss

Power convertors change energy from one form to
another: / /
\

“ DC to DC — eg stepper motor drive

{
% AC to DC — eg mains charging battery

" DCto AC - eg inverter used for driving AC motor;
or for supplying the grid from solar cells

‘AC to AC - eg solid state transformer; or for
supplying the grid from wind turbines

All these need multiple high power, high efficiency
tranSiStorS and diOdes © Clas-SiC Wafer Fab Confidential and Proprietary




SiC Market Trends- Not at predicted rates ©

las-SiC
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“The SiC Device Market, valued at $2 Billion today is predicted to reach £14 Billion by 2030, growing at an estimated
26% CAGR. Given the spike in EV sales and SiC compelling suitability for invertors, 70% of SiC demand is expected to

come from EVs.”

Electric Vehicle Market Trend Down

Infrastructure: Asia has made substantial investments in charging
infrastructure, but gaps still exist, especially in rural areas. This is echoed all
around the globe. Consumer confidence is low: the consumer is still too nervous
about the long wait times and functionality of charging stations.

Cost: The ultimate cost of manufacture in volume is still uncertain. Despite
government support of lower manufacturing, costs of batteries and other
specialised components are not yet at projected consumer market levels. To
date, costs of acquisition and ownership have been subsidised but are still
unattractive to many potential buyers.

Battery Technology: Although China is a leader in battery production, there are
ongoing challenges related to high cost, battery life, charging times, and the
environmental impact of battery disposal. The battery is still responsible for
almost 50% total vehicle cost.

Consumer Preferences: Traditional internal combustion engine vehicles are still
preferred by many due to their familiarity and perceived reliability. Actual range
and range anxiety are concerns preventing consumer adoption. This concern
has given the hybrid market a temporary new life and increasing market share.
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SiC Device Cost Trends
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From $4,000 finished wafer cost in 2022

to $1,600 in 2025, this cannot be ignored.

Clas-SiC
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Globally many new players are entering the
supply chain, making drastic changes to the
affordability of this novel substrate, including
engineered substrates

Asia advancing through government subsidies,
many will not survive without bolstering

Price and quality stability required, to help grow
the market as per predictions

From our evaluations, this quality is improving all
the time, with yield increasing by >7% compared
to well known substrate suppliers

It is important that Clas-SiC’s technology offering
is cost competitive and continues to advance
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SiC Device Technology Roadmap Clas-SiC

A variant of Moore’s Law also exists for SiC power

. Finfet .
devices O
* Technologically, the drive is to shrink device size, Planar to
for the same current capability, and therefore Super Q trench
N

device cost junction () migration
Higher »

* Technology solutions are being borrowed from voltages ——

the silicon industry _
. 200mm

Higher voltage devices are also required for more wafers
efficient power conversion

Gate oxide
. é improvement

Like for silicon, the other drive is towards larger

wafers

 But 200mm SiC wafers have shape and quality

challenges! ] ]
Device shrinks for

lower on resistance
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ASSiST — Advanced SiC Solid State Transformer Clas-SiC

WAFER FAB

ASSIST aimed to prove capability for a fundamental supply chain building

block to realise PE solutions for high-power applications including Solid 1R [5 °c_ (€D)8ARpiime
State Transformers — that being a high voltage, low loss power g B |l 1GOOI Pl |

semiconductor device.

ASSIST realised an SST module device that delivered an improvement of up
to 1.5% relative to competitive devices and achieved a 99% through
conversion efficiency. Every 0.1% matters for MW!

Efficiency vs. Loads at rated voltage 1.8kV rms
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SAFEPOWER overview Clas-SiC

* Objectives: Enable the deployment of renewables (wind &
solar) in Europe with MVDC networks thanks to:

more efficient and reliable SiC devices (3.3 kV)

higher Vg, devices with Ga203 (6.6 kV)

Al-assisted supervision of converter state and health with sensors
and disruptive techniques for electro-thermal characterization

* new control strategies/topologies for multilevel conversion

* Horizon Europe call
* Duration: 4 years
* Total Budget: 4.33 M€
10 partners, 5 Countries (ES, UK, F, LT, 1):
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Funded by the
European Union
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Clas-SiC — Serving the Market Clas-SiC

ﬂ Rapid Prototyping

Validate proof of concept designs enabling a faster time to market for customers SiC devices

O) | Turnkey Offering
‘ ‘3 Foundry processing for customer devices with low to high volume projections, flexible easy access approach

‘ Evolving technology Roadmap
Continuous process technology development enabling performance and higher voltage capability, 650V - >3.3kV

Clas-SiC

WAFER FAB

Technology Licensing

Licensing enables customers to get to high volume manufacturing quickly, in a timely and cost-effective way

Serving the rapidly expanding Power Semiconductor Industry as a Technology Leader
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Contact details

david.clark@clas-sic.com

info@clas-sic.com

https://www.linkedin.com/in/david-clark-47013933/
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