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From silicon carbide semiconductors to electric drive
systems

( Bosch electrifies all vehicle classes and offers all integration levels
7 ﬁ} = From SiC semiconductors to components up to electric drive systems
4 ‘&&\s : * From systems engineering to manufacturing
N = From passenger cars to commercial vehicles worldwide

Bosch electric drive portfolio
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Energy efficient semiconductors Subcomponents Components System solutions
SiC power semiconductors SiC power modules on cooler, stator, and rotor Inverter, DC/DC converter, and electric motor Charger-converter  eAxle systems
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Platform PM6 - Bosch’s response to the e-mobility ramp up
Electrification adaption speed and type varying
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Note: difference to 100% due to rounding  *NEV = New Energy Vehicles = BEV, PHEV, REEV, FCEV
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Platform PM6 - Bosch’s response to the e-mobility ramp up
Global production network
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Power Module Assembly Power Module Assembly Power Module Assembly
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Platform PM6 - Bosch’s response to the e-mobility ramp up
Overview power module generations

Long-standing history in systems engineering and manufacturing on a global scale

More than 14 m. 0 @ % | ’ A

automotive power modules? Generation 3 Generation 4evo Generation 6

delivered since 2010. Unax 400V Unax 460V Unax 460V /920 V
lnax 330 Agys lnax 830 Agys lnax 800 — 600 Agys
IGBT half bridge IGBT B6 bridge SiC B6 bridge

Today

RB internal supply only RB SiC enables external PMoC BIZ

sy
&

Generation 2 Generation 4 Generation 5

Efficiency -
Unax 385V Unax 400V Unax 850V gaining &
Imax 300 ARMS Imax 390 ARMS Imax 900 ARMS importance — é_e\j
- SiC
IGBT single switch IGBT B6 bridge SiC 2xB6 bridge Range advantage
1) B2 halfbridge level
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Platform PM6 - Bosch’s response to the e-mobility ramp up
PM6.0 — B2 design overview

SiC MOSFET Technical details

Power Spacer

drain sense Sinter Layer 1

) Symmetrical layout

Sinter Layer 2 @ Low I—PM <4 nH
Source Spacer

© Low Lg <25 nH
Mold package

© 2-sided-Ag sintering
— no chip soldering, no Al-Powerbonds
NTC

DBC substrate ) Low AlT'-resistance

Aluminum signal bonds

SiC MOSFET

© SizN, AMB? base substrate for high
thermal conductivity and reliability

Power spacer Si;N, AMB

1 AIT: Assembly and interconnect technology 2 AMB: Active Metal Brazing Substrat

PM6 design offers symmetrical layout with low inductances
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Platform PM6 - Bosch’s response to the e-mobility ramp up
Feature of sandwich architecture

Chip-close-AIT Low thermal resistance High thermo-mechanical
robustness

DBC substrate

Si;N, AMB

P C N
ower spacer Ag sintering increases robustness Increased reliability due to double

4
at higher temperatures @ sided ceramic substrates & CTE

adjusted spacers
< Second path and thermal
capacitance

SiC MOSFET

Sandwich structure enables high temperature operation and thermo-mechanical robustness
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Platform PM6 - Bosch’s response to the e-mobility ramp up
Power module PM6 platform — benefits at a glance

Mold package

SiC MOSFET

Power Spacer

Sinter Layer 1
DBC substrate

Sinter Layer 2

Source Spacer

Aluminum signal bonds NTC

Si;N, AMB

Technical benefits

© 0 0 0 O ©

Outstanding electrical performance: Low inductances,
high symmetry and stability due to 3D layout

Low inductive layout suppresses self-excited oscillation
between parallel connected dies

Low R, resistance and switching losses enabled by RB
SiC Technology

High power density enabled by AMB' with low Ry, and large
Cu heat-spreading area due to signal routing via DBC?

Wide scalable power range
(4 to 12 chip configuration of different sizes with max. 40mm?)

High thermo-mechanical reliability due to CTE? adjusted
AlIT4 concept

1 AMB: Active metal brazing substrate 2 DBC: Direct bonded copper 3 CTE: Coefficient thermal expansion 4 AIT: Assembly and interconnect technology

Unique AIT? enables high power density
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Platform PM6 - Bosch’s response to the e-mobility ramp up
Example Scaling Range PM6 Platform 1200V 2nd Gen SiC

<& S ~‘i,f;; % 12x @
12x = 12 chips per B2 8x Aluminum cooler Copper cooler ®

(6 parallel SiC MOSFETSs for HS' & LS?)

8x = 8 chips per B2

(4 parallel SIC MOSFETs for HS & LS) 4« @

4x = 4 chips per B2

(2 parallel SiC MOSFETs for HS & LS) 200 300 400 500 600 700 800

Phase current in Arms3

1 HS: High side topological switch 2 LS: Low side topological switch 3 Applicable phase currents depend on specific customer boundary conditions

Scaling by chip configuration and cooler enables large output current range

with one package outline / mechanical interface
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Platform PM6 - Bosch’s response to the e-mobility ramp up
Continuous improvement ...

1 Higher currents available upon customer request

‘I O Bosch’s response to the e-mobility ramp up:Our latest power module platform PM6 | May 2025

Power module on cooler | Generation 6

Continuous improvements PM6.0
by future releases impacting
» Power scaling
* |Interface optimization
PM6.1

* Thermal performance
» Cost performance

Next steps
= [ntegration of 3" Gen RB SiC

= Increase output power range
» Package ready for 1000V DC

= Signal interface optimization
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Platform PM6 - Bosch’s response to the e-mobility ramp up

Electrification is ramping up steadily

Adaption speed and variants are differing per region with largest push in
China followed by Europe followed by North America

Bosch develops & manufactures automotive Power Modules for all Visit also
electrification variants since 2010. 14 Mio pieces already delivered Stephan Rees: Bosch Supports its

Bosch offers a global presence for its customers Customers at Every Stage of the Value Chain

. . . vl . to Bring E-Mobility to the Next Level
For high volume automotive SiC inverter demands, PM6 is answer with its oth ring E-Mobility to the Next Leve -
optimization for high power density & scalability powered by an unique AIT & g?] rMaySt20r25: 1S1t:40 ~12:00 at E-Mobility &
2nd Generation SiC Trench MOSFETs erey Slorage >tage

Bosch electric drive portfolio

copmeosF € vv o .G

Energy efficient

semiconductors Subcomponents Components System solutions
SiC power SiC power modules on cooler, Inverter, DC/DC converter,
. . Charger-converter eAxle systems
semiconductors stator, and rotor and electric motor
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Funded by ) - Bayerisches Staatsministerium fur
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The IPCEI ME/CT project is supported by the Federal Ministry for Economic Affairs and Climate Action on the basis of a decision by the German Parliament, by the
Ministry for Economic Affairs, Labor and Tourism of Baden-Wiirttemberg based on a decision of the State Parliament of Baden-Wiirttemberg, the Free State of
Saxony on the basis of the budget adopted by the Saxon State Parliament, the Bavarian State Ministry for Economic Affairs, Regional Development and Energy

and financed by the European Union - NextGenerationEU.
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