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The impact of global energy consumption (1/2)
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23,015 TWh: 

total worldwide 

electricity 

consumption 

(2020)

1% efficiency improvement in 

industrial electricity consumption

we get a total energy saving of

112.77 TWh

Electricity consumption by sector

Source: ExxonMobil 2021 Outlook for Energy

Residential and 
commercial

27%

Transportation
24%

Industrial
49%

11,277.35 TWh 



The impact of global energy consumption (2/2)
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tce: tons of coal equivalent, toe: tons of oil equivalent 

MMBOe: million barrels of oil equivalent

9.63 M toe

66.08 MMBOe

26.29 Tg CO2

13.85 M tce

Total energy saving equals

~ 18 standard nuclear plants

By reducing our energy consumption, we can reduce our carbon footprint

Sources: ExxonMobil 2021 Outlook for Energy, STMicroelectronics



SiC value proposition
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SiC technology benefits 

versus conventional silicon IGBT

Higher performance & voltage 

operation

• Extremely low power losses 

• High efficiency at low current

• Intrinsic SiC body diode (four quadrant 

operation)

Higher operating frequency

• Lower switching losses

• Excellent diode switching performance 

Higher operating temperature 

• Operating up to 200°C junction 

SiC advantages for automotive

Electrification - mileage extension, smaller battery (or increased 

battery reliability), fast & efficient charging

Efficiency 

gain in 

average

Switching 

losses
Chip size Total loss

Switching 

frequency

From ~2% 

(high load) 

to ~10% 

(low load) 

~7x lower ~5x smaller ~50% lower ~ 5 ...10 times 

higher 

Lower system cost

~7x reduced form 

factor

~80% cooling system 

downsizing

~Simpler sub-systems: 

smaller passives, no 

external freewheeling 

diode…



Silicon and wide-bandgap overview
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1 Hz 10 Hz 100 Hz 1 kHz 10 kHz 100 kHz 1 MHz 10 MHz

Higher power possible through 

modular deployment or paralleling

Operating frequency
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Si IGBT

Si HV MOSFET

SiC MOSFET

GaN

transistor

1 MW

100 kW

10 kW

1 kW

100 W

1 W

10 W

Wide product range targeting automotive and industrial power 

applications

Si = Silicon; HV = High voltage; SiC = Silicon Carbide

Automotive examples of power applications

Si HV 

MOSFET 

DC-DC converter, low-power motor control, OBC, 

charging Station, DC link discharge …

Si 

IGBT 

HV motor control, PTC heating, traction inverter, DC 

link discharge…

SiC

MOSFET 

High power DC-DC converter, charging station, traction 

inverter, OBC, e-climate compressor, battery 

disconnect switch, smart power distribution, fuel cell 

(DC-DC and high-pressure pump), DC link discharge 

GaN HEMT 

transistor

Class D amplifier, wireless charger 

DC-DC converter, OBC, LiDAR, … 



More than 25 years of focus on SiC
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Figure of Merit: Si, SiC & GaN
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High Switching 

Frequency

High 

Temperature 

Application

High Voltage 

Operation

SiC

Hexagonal

Si

Cubic

GaN
Hexagonal (cubic)

GaN - Gallium Nitride SiC - Silicon CarbideSi - Silicon

Silicon carbide was 

discovered by Edward 

G. Acheson in 1891
He named it carborundum

1907: phenomenon of    

electroluminescence 

was discovered using 

silicon carbide

1958: 1st silicon 

carbide conference 

held in Boston, USA

1966: first MOS 

transistor (H.R. Phillip, 

E.A. Taft)

October 2007:

1st Gen DIODE

start production

June 2014:

3rd Gen diode

start production

June 2017

2nd Gen MOSFET  

start production

May 2002: Schottky 

diode demonstrator 

(CNR line)

Dec 2020 

3nd Gen MOSFET 

Qualification

September 2014:

1st Gen MOSFET

start production

SiC history
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Oct 2022 Integrated 

substrate 

manufacturing facility 

in Italy



Tier-1

Tier-2
SW 

maker

3rd

parties

Mobility 

provider

Car makers

Tier-1

Tier-2

Car makers becoming mobility service providers
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Semiconductors
Semiconductors

• Deploy new 

technologies and 

semiconductor solutions 

more effectively and 

rapidly to the car

• Directly drive the 

semiconductor roadmap 

with a closer link to final 

application

• Secure capacity of key 

technologies applicable 

to electric vehicles

OEM direct contact with 

semiconductor supplier

New ecosystem

“make model”

Traditional approach

“buy model”

OEM = Original Equipment Manufacturer 

Module

manufacturers

Inverter 

producers



800V accelerates SiC adoption in EV subsystems
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• Higher breakdown voltages more easily addressed by SiC

• System and component downsizing more easily realized with SiC

• At 800V, the benefit of low switching losses in SiC become more prevalent

Switch downsizing and 

system efficiency gain 

enabled by SiC 

increasing at 800V

400V / 

160kW

~3x smaller semiconductor area

3-5% higher efficiency

800V / 

200kW

~5x smaller semiconductor area

8-12% higher efficiency



Widespread adoption of 800 V bus
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Higher battery voltage in EV/HEV reduces losses in inverters and other EV 

subsystems, and facilitates faster charging

Voltage

>400V

Up to 800V Joule loss reduction
Current

Current

Power increase

• More powerful cars while keeping device currents down to acceptable levels

• Allows use components with lower current rating (higher voltage)

• Enables fast battery charging

Ultrafast charging enabler (down to

about 20 min of charging time)

Cost and weight reduction

Easier integration in vehicle

Voltage

>400V

Up to 800V

Voltage

>400V

Up to 800V



EMEA market DC BUS voltage evolution
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2022 2024 2025 2026 2027 20282023

800V

400V 800V

400V 800V

400V 800V

400V 800V

400V 800V

400V 800V

400V 800V

800V

BUS voltage in EMEA converged to 800V in 2025 for BEV / PHEV very likely to

stay on 400V



Key SiC applications in EV addressed by tailored 
packaging

e.g. 

400V

On Board Charger

+

-
AC

Phase-to-phase 

supply voltage

Battery charger

+400-800 

VDC

Three level Vienna bridge 

PFC

HV MOSFETs

/ IGBTs
HV diode

MOS/IGBT

Gate driver
Signal 

conditioning

Schottky

diode

HV MOSFET/

IGBT

2x Phase shift full bridge

Control unit 
Signal 

conditioning

Load

+

MOS/IGBT

Gate driver

HV diode

Smart 

controller

Line input

EMI stuff

Phase 

Inductor

s

L1

L2

L3

Aux SMPS

- Only 600V active switches required

- As no significant common GND point the best fit for galvanic isolated control approach

400VAC
Input 

Bridge
PFC 

Stage

Full Bridge 

LLC

M

DC +

DC -

Traction Inverter Stage

Power Booster DC/DC 

Converter

e.g . 

12V/

48V

Aux DCDC

+

-
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New automotive application use cases powered by SiC
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Fuel cell applications

Battery disconnect

DC link discharge

Smart power distribution

New applications 

realized with SiC

• Interleaved power DCDC

• High speed pump

• Mechanical relay replacement 

• Discharging HV due to safety requirements

• Protection of auxiliaries

• Boardnet optimization



How car electrification impacts power semiconductors
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One storage station 

for 10 chargers

Tens of million cars

SiC MOSFET

Si Power MOSFET

Si IGBT

GaN HEMTs

One charger every seven EVs

M
ill

io
n
s
 o

f 
s
o
la

r 
in

v
e
rt

e
rs



How car electrification impacts power semiconductors
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Traction inverter

OBC / DC-DC

Charging station 

DC-DC

Energy storage

100-250kW

50k-100kW

100k-250kW

>1MW

1.5x

1x

0.15x

0.015x

SiC

MOSFET
Si IGBT

SiC

MOSFET

Si HV

MOSFET

SiC

MOSFET

SiC

MOSFET

24-48 transistors 

6-12 transistors 

12-18 transistors 

>100 transistors 

System Power Systems/vehicle

GaN

HEMTs



ST SiC MOSFET manufacturing strategy
Moving towards an integrated dual fab (synoptic view)
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SiC INGOT

Norrköping (R&D) Catania substrate Fab

production in 2024

Catania                       AMK (S’pore) Shenzhen(China)        Bouskoura (Marocco)

Back-end technology

Bare dice, discrete, modules
Front-end technology

with Epy and EWS testing 
Substrate technology

From powder to ingot



SiC MOSFET vertical integrationfrom powder 
to final product
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Substrate technology

SiC INGOTSiC

ingot

Wafer

slicing & 

polishing

Front-end technology

Epitaxy

SiC INGOT

Device fabrication Wafer 

testing
(electrical

wafer sorting)

SiC INGOT

Back-end technology

(assembly)

Dicing
(singulation)

SiC INGOT

packaging

Testing 

litho, deposition, etching,

thermal treatment metallization, etc.



Silicon Carbide vertical integration

New SiC integrated plant  

150 mm volume production

200 mm with industrial  

quality and yields

ST-SiC substrate plant 

Norrköping Starting pilot production in 2023

17



Key takeaways
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The EV market is growing > 25% CAGR 2021-2026 and ST today 

is market leader in SiC MOSFETs. OEM ecosystem changes: from 

buy to make model

Silicon carbide is already driving car electrification: inverter, OBC, 

DC-DC converter… additional applications are ramping up 

WBG semiconductor content in EV application grows in the coming 

years and lifetime requirement is being expanded continuously

DC Bus voltage converges to higher DC link voltages: around 

2025-27 the majority of European OEM has an 800V system

Vertical integration is key to be competitive and to deliver high 

volumes
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