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@ Efficiency increase in high power systems

Power systems using SiC technology

Power technology positioning

High-end industrial

Solar inverter “
- Energy dtorage _— .
Si IGBT * F)()\Alear SSLJ[)F)I)/ ‘
« Charging station
*  Welding

* Motor drives

100k

10k

1k Si MOSFET

1k 10k 100k M ¢ (H)

Car electrification
Traction inverter & 4

OBC
DC-DC converter

« Efficiency increase: CO2 emission reduction

» Power density: smaller and lighter power unit form factor

* Cost reduction: system level cost reduction or lower TCO
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@ Power technology options for inverter

System level cost - TCO reduction vs efficiency increase

Electric Grid Inverter/Rectifier EV Battery Pack

IGBT
+ inverter
T

AR
LR

Front End Inverter

Electric Motor
SiC
inverter

'R
R

Main high-power
applications adopting SiC -
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Solar inverter
Energy storage
Charging station

Low-cost inverter

Higher system cost

High-cost inverter

Lower system cost

« Motor drives
« Traction inverter



Trench field stop IGBTs

Solutions for every application Iin electric vehicles
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= Chargers
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Thermal
management ( )
Air l
conditioning
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Stations inverters
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ST silicon carbide technologies

Product roadmap

e 1,

Tractlon
DC-DC Charger
\\'.I/
Power
Renewable ;:)Iy
energy and @ Industrial
Storage Motors

In volume production since 2017 with

> 300 million chips to automotive
customers

> 6M BEV equipped

"l * Technology qualification with ES available

** Under development
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« Optimized Ron and
Tj for motordrive
applications

New
Architecture

« Radical innovation,
outstanding Ron
value at hot
temperature and
further Ron reduction
vs. GenS

.

* Reduced Ronvs.
Gen3 tailored for
traction inverter

Innovative high
power density
technology structure

Lower Ronvs. Gen2
maximizes the driving
range of EVs

.

+ Balanced Ron and
Qg for industrial and
automotive

B n production [l In Introduction (Q3/24) M *In R&D (Q2/25) M *In R&D (Q4/26) — New Solution

Advanced packaging
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ST silicon carbide manufacturing strategy

SiC normalized capacity evolution (2022)

Device manufacturing

In volume production with 150 mm since 2017 350%

« > 300 million chips to automotive customers 300%

- Capacity expanded 2.4X in 2022 vs. 2020 250%

Further +250% of capacity increasing in 2027 vs. 2022

200%
200 mm start production in Catania by 2024 150%
« Front-end FABs: Catania (Italy) and Ang Mo Kio (Singapore)

100% |
» Back-end FABs: Shenzhen (China) and Bouskoura (Morocco) o0l I I I I I I
Substrate manufacturing 0% i I
1 2 3 4 5 6 7 8

« ST SiC* 150 mm small volumes production in Norrkdping

(Sweden); 200 mm prototypes with good quality and yield " Seriesl ®Series2 - Series3
* New full integrated fab under construction in Catania, ready by Doutfsource - mﬁucnon
2024 and targeting > 40% of substrate internal needs by 2025 CTN & SGP

* Norstel AB renamed as ST SiC AB in 2020
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Example of SIC MOSFET impact
on high power inverter

1200V SiC MOSFET vs. IGBT: 210 kW inverter @ 10 kHz

Efficiency at 10 kHz @ % load

1.2kv SiC 100.0% T.2kV SIC MOSFET
I . nosrer [ e e -

97.0%
ITyp. power total chip area (mm?) g 06.0% _ .
osses per g 9>.0% ~ GBT =+ Diode
switch @ conduction losses (W) 300 307 28 gg:gg/f; /// '
350 A/ms switching losses (W) 564 x4 143 & gi-ggj’ 7

. 00 /

peak power total losses (W) 864 X2 450 38:8;2 (4

88.0%

Junction Temp (°C) 134.8 132.4 87.0% . . . . . .
0% 20% 40% 60% 80% 100% 120%

SiC adoption % load

« Better power density
« Better efficiency
* Reduced cooling system
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From SIC to hybrid technology

Evolution of SiC technology cost vs battery cost

Normalized cost evolution

120%

100%

80%

60%

40%

20%

0%

1 2

e Secriesl

System cost reduced
with adoption of SiC
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Inverter cost shift with hybrid
i switch (SIC+IGBT) approach

3 4 5 6

e Series2 e e Series3 Series4

System level cost gain adopting SIiC is
reduced due to faster battery cost decay

Medium-long term FAB
allocation

Yields improvement

Die size shrinking
Internal raw wafers
Migration to 8” substrates

Projections based on several
publications focusing on utility-
scale battery systems

=
~
-

Battery

Cost Projections for Utility-Scale Battery Storage: 2023 Update (nrel.gov)

https://www.goldmansachs.com/intelligence/pages/electric-vehicle-battery-prices-falling.html


https://www.nrel.gov/docs/fy23osti/85332.pdf

Hybrid switch inverter

Hybrid switch 4:1 (IGBTs + SiC)

VBUS

NS LS LN A
B P T R 4 IV DS TR R 4R N1 i TR 4RAR
(I3: TVB ?: ﬂr:\/na (I;: _-IrVHa
= LA = L < Ly
T g T A
B ot T A IV b =T OO IR b o T A RO
g o g TR
B Elpin St

Selected devices:

« STGW40M120DF3 Trench gate field-stop IGBT, M series 1200 V, 40 A

« SCTO070W120G3 Silicon carbide Power MOSFET 1200 V, 63 mQ typ., 30 Ain
an HiP247 package

Selection criterium
» Device with similar current rating
« SiC MOSFET able to withstand full current repetitive pulses for limited time
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Hybrid switch:
Forward and reverse conduction

Voltage drop vs current Current distribution of hybrid device
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Hybrid switch:
Gate driving and switching operation

. . Turn-ON

Turn-OFF

Gl - A. (@) and (c) SiC MOSFET undertakes all forward A. (a) and (b) SIiC MOSFET undertakes all forward
I current for a short time, and the IGBT achieves ZVS current for a short time, and the IGBT achieves ZVS
G2 [+ — = G2 = = - turn-on turn-off
Ton getay  Toft geay Ton_actay  Tort detay 1. Ton_delay > Ton_MOS 1. Toff_delay > Toff IGBT
@ (®) 2. Ton_delay < Ton_MOS 2. Toff _delay < Toff IGBT
Teon Toon
Gl Gl B. (b) and (d) IGBTs undertakes all forward current for a B. (c)and (d) IGBTs undertakes all forward current for a
T short time, and the SiC achieves ZVS turn-on short time, and the SiC achieves ZVS turn-off
02; = e Gz;’ R 1. Ton_delay > Ton_IGBT 1. Toff delay > Toff MOS
"“—de'a-‘('c) off delay - “’“zd) o det 2.  Ton_delay < Ton_IGBT 2. Toff_delay < Toff MOS
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Hybrid switch:
Gate driving and switching operation
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Switch technologies vs
hybrid switch in 30kW Inverter

1200V SiC MOSFET vs. IGBT vs hybrid: 30 kW inverter @ 10 kHz,
850V input

IGBT
inverter

STGW40M120DF3
(4 in parallel)

VBUS

e

SiC inverter

SCT070W120G3
(4 in parallel)

VBUS

L

Hybrid
(SIC+IGBT)
inverter

STGW40M120DF3
SCTO070W120G3

(3 IGBTs+1 SiC
in parallel)

VBUS
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Efficiency comparison
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0% 20% 40% 60% 80% 100% 120%
—@— Seriesl —@&— Series2 —0— Series3

Hybrid switch configuration considfred is 1:4 ratio (1 SiC + 3 IGBTS)

Efficiency gain of full SiC Inverter and hybrid switch inverters vs IGBT inverter is from low load to
medium load, generating advantages in power systems that operate most of the time below 40% load

Hybrid switch inverter shows similar efficiency curve compared to SiC. Here efficiency is ponly 0.5%
lower than SiC




— System cost benefits of SIC based inverters are evolving

with battery technologies
.

- Inverters benefit from a mix of next generation IGBTs and
SIC MOSFETs

> &

This hybrid switch optimizes inverter performance and cost
-y L

Optimized cost might enable new applications for SiC

.4' Dedicated gate driver is required for Hybrid Switch

B

ST is innovating at all levels in gate drivers and power
transistors to lead this new trend in inverter design




Our technology
starts with You

{kﬁ@ Find out more at www.st.com
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