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SiC Enabling EV Applications

- SiC State of the Art
- SIiC System Impact
- SIC Maturity
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Adoption of SiC into Various Applications - It’s all around

Battery Server Power

PV Inverters Traction
Chargers for EV Supply
Shippingin high volume  Shippingin high volume  Shippingin high volume Shippingin volume
A MOSFETs A MOSFETs A MOSFETs in A Sic Modules
A Diodes A Diodes evaluation
A Modules A Modules A Diodes shippingin
high volume
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Automotive SiC Has Dramatic Growth Potential...

SiC EV Market $2.4B

SAM 2022

Market Influencers

'_ Within ten years half of all model types
=2 manufactured will be EVs

Policy tailwinds - emission standards
o=¢ aretightening

<™
/)% Increasing Range
= g g
Worldwide SiC «T™
Revenue 2017 a% Decreasing cost
[ [
(Source: YOLE ) (Source: YOLE and company estimates)

... but ramping semiconductor capacity takes time and significant investment
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Why SiC = Highest Efficiency and Power Density

SiC Characteristics

Silicon Carbide vs Silicon A Lower Resistance
12 A Higher Frequency

10 A Higher Operating
Temperature

8
6 3
System Benefits

4

2 . Smaller Size / Higher

0 I Density |
Switching Efficiency Power Density Smaller passive

components
mSiICmSi

Simpler Cooling
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What a difference a year makes for Automotive SiC. ..

Cumulative volume of car companies with SiC-based inverter prototypes for €22-’25 launch

As of August 2017 As of August 2018

m No Total m Yes Total = No Total Probable Total = Yes Total
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Focused Applications: Automotive

On-Board Chargers
ALower system cost than Si
AB50-900V SiC MOSFETs

DC/DC Converters

ABattery voltage to bus voltage
AUp to 100kHz

ACompact, efficient, lightweight

Drive Train Inverters

ALower on-state losses

AReduce battery and/or
increase range

Almproved cost & efficiency
AMOSFETs, Diodes, & Modules
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SiC Based On-Board EV Charger (OBC)

What:

ASlow charging from home / garage / office
A6-8 hrs charge duration @

350-680V

250-450V

<>

Where:

APHEV, BEV battery charging 1.6kW, 6.6kW to 22kW

AAC charge from socket to car

ACar then converts AC to DC for on board battery =
charging 90-265 V,¢

Isolated DC/DC

Driving factors:

AHighest efficiency

AHighest power density (small and light weight)
AFuture trends bi-directional energy flow

SiC Advantage :
A>1% higher efficiency
A~30% smaller system size
ALower system cost
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Block Diagram: Bi Directional 6.6kW Silicon Carbide OBC

Totem Pole PFC DC:390V-680V Bi-Directional DC/DC Battery 250V-450V
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Sdevices «—_Adevices =~ 4devices
2 devices in parallel for PFC, single device for DC/DC '
Uses C3M SiC MOSFET in high performance TO-247-4L package with Kelvin source SIC MOSFET

o C3M0065100K
Peak System Efficiency >96% T0-247-4 Package
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SiC: Highest Power Density = Space Savings in the Vehicle

SiCCharacteristics System Benefits

A Lower losses A Smaller Size / Higher Density
A Higher Frequency A Smaller passive components

A Higher Efficiency A Simpler / smaller Cooling

A 6.1kw On Board Charger
(OBC) igx higher power
densitythan existing 3.3kW

TOYOTA

Wolfspeed. | » SiC OBC




EV Drivetrain

What:
A90-350kW+ motor drive inverter
Asingle, dual or in hub drives

Where:
ABEV powertrain
ABEV commercial vehicles

Driving factors:

AVehicle range extension

ABattery cost reduction

ASystem cost reduction

ABi-directional energy flow for regen breaking

SiC Advantage:
A~80% lower drive loss
A~30% smaller system size

ALower system cost
—
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Wolfspeed SiC enables smaller batteries and longer
driving range with smaller, cooler and lighter systems
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Future electric propulsion will be more efficient

“Futureproof” - Viper package used to
package Wolfspeed SiC MOSFET switches

Lower switching losses than IGBT technology

o Do I»

Inverter level testing shows lower losses

A Implication: more vehicle range from a given
battery pack capacity
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