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Si-IGBT and SiC MOSFET Technology
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TRENCHSTOP™ |GBT7 Technology

Gate
Emitter S Emitter _ Gate
Emitter

Collector Collector Collector

Planar IGBT Trench Field Stop Trench Field Stop

IFX: IGBT2

IFX: IGBT2...4

(IFX: 1990 ROW: 1997) (IFX: 2000 ROW: 2008) (IFX: new generations)

IFX: IGBT7
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TRENCHSTOP™ |GBT7 Technology

SCWT Full current, soft and low

»  The short-circuit withstand time ;
(SCWT) for IGBT7 S7 technology is Q, diode |
defined to be 8 ps considering »  Easy t:_:) design EMI. Low loss in
standard operating conditions LEEELLL

Reliability

> High system reliability, due to
improved humidity and cosmic
ray ruggedness of the new
portfolio

Higher power density

> 25 % higher maximin output current
using 50A in standard TO247 3 pin
without redesign

Lower losses Controllability
> Upto 30 % compared to previous > IGBT7 S7 designed and
generation optimized to be operated at
5kV/us or below, ideal for motor

drive applications

5 Copyright © Infineon Technologies AG 2025. All rights reserved.
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CoolSIC™ MOSFET

Sghwl; - irouit withstand t Switching behavior
3 e snort-circuit withstand time . .

Low d ty, low gat
(SCWT) for SiC technology is > owdevice capactly, ‘ow ga'e

charge with intrinsic diode with
low revers recovery charge

defined to be 2 2 Ms considering
standard operating conditions

Very high power density

» Best power density through low
conductive and switching losses in
combination with high breakdown
voltage

Reliability

»  Good humidity robustness as
IGBT7

»  Same strict qualification and test
criteria as for Si power devices

Lower switching losses
» 2 to 3 times lower switching losses )
compared to IGBT7 Thermal behavior

»  Temperature independent
switching losses

6 Copyright © Infineon Technologies AG 2025. All rights reserved.
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Si/ SIC for drives applications

Output current versus switching frequency
2-L 3phase 50 Hz cos(phi)=1

@ V=400V T, otsink=100°C Ry op=1. TKIW
TRENCHSTOP™ IGBT7 shows better static

performance at nominal/high current — IKW75NB5ET7
65 —— IKW50NBSET7
-==- IMW65R030M1H
60 -=- IMW65R039M1H
TRENCHSTOP™ |GBTY best value for general === IMWE5R048M1H
purpose drive application 55
=
< 50
CoolSIC™ MOSFET shows better dynamic E
performance, keeping the output current almost 3 4
constant over switching frequencies. "
35
CoolSIC™ MOSFET better performing at
increased switching frequencies 30

2000 4000 6000 8000 10000 12000
Switching frequency [Hz]

Copyright © Infineon Technologies AG 2025. All rights reserved.
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SIC MOSFETs support of several application trends

Increasing power for reducing Smaller, lighter and more powerful Cutting energy losses
charging time inverters with ever increasing in 24/7 operation

- - m——

Fan less drive in industrial Compact integration Cutting losses for extra energy
automation of inverter and motor from the battery

9 Copyright © Infineon Technologies AG 2025. All rights reserved.
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CoolSIC™ MOSFETs now even better: G2 comparison over G1

12

Improved chip performance

1L_IE Improved .XT package interconnect

Best-in-class Rpg(on and the most
granular portfolio in the market

CoolSic™
Generation 2

L]
OF
é}__

Overload operation up to Tvj = 200°C
and avalanche robustness

@

Maximum Rpg(,p) at high
temperature specified in datasheet

AN

Robust short-circuit rating

15

Enlarged maximum gate-source voltage

&

High reliability

10

11111111

5~20% lower power losses over
typical load use cases

12% better thermal resistance, Ry, .

8 mQ in G2 compared to 30 mQ in G1, 12
products enable the optimal product choice

New in G2!

New in G2!

2 us

-10Vto +23V

Maintaining G1 proven level, very low DPM
rates




Near-term roll-out of CoolSIC™ MOSFET G2 discretes industrial
and automotive grade: 400 V, 650 V, 750V, 1200 V and 1400 V

CoolSiC™ G1 CoolSIC™ G2 releases within 2024/2025

:
> ' l
g D*PAK-7 TOLL
5 products 5 products
11 mQ - 45 mQ 11 mQ - 45m0
| g - o o [ L -
& &° & & e & f
TO-247-3/4 - D?PAK-7 . Thin-TOLL " QDPAK | oK
5 ] .
B50V/750V Q-DPAK 650V/ 750V TOLL D*PAK-7 TO-247-3/4 8x8 TOLL TOLT 650V / 750V || T0-247-3/4
31prod || 790V 16 prod 18 prod 650V 10 prod || 650V 10 prod|| 650V 19 prod|| 650V 7 prod || 650V 9 prod || 650V 8prod || ;3 0 750V
16 mO- 140 mo || 8ma- 140 mO 9mQ-260 mQ || 22 mQ -260 mQ T m-75 mQ TmQ-75mQ 20mQ-75m0 || 10 mO - 75 m) 15mQ-75mQ | |7_20m0/4-60 mQ 7-60m0Q
q bt ® ® @ TsC TSC @
N &° & & & A& & N
Vi . . &)

S 2ty U \ Q-DPAK
ﬁ TO-247-4 T0-247-3 D2PAK-T Q-DPAK DZ2PAK-7 TO-247-4 HC|| TO-247-4 Q-DPAK Half-bridge

27 products || 15 products || 27 products || 7 products || 12 products || 9 products || 8 products 10 products || 8 products

Tm - 350 mO TmQ - 350 mO TmQ-350mQ |20 MmO - 160 mQ|| 8 ma - 234 mQ 7 mQ-78 mQ 12 mQ-78 mQ AmQ-78mQ | (12 mQ-234 mO

o #&°
> /
8 TO-247-4 || TO-247-4 HC
3 reflow
6 products 6 products
EmO-29m0 || 8mQ-38mO
@ Industrial ® Automotive TSC=Top Side Cooling
2025-05-07 restricted Copyright @ Infineon Technologies AG 2025. All rights reserved.

(infineon

TSC ®

Q-DPAK
Boost

4 products
17 m-53 mQ

and more coming....

13
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Discrete Power Package Trend
SMD Top Side Cooling: the best of THD & SMD BSC

THD - Through Hole Device SMD Bottom Side Cooling SMD Top Side Cooling

» High thermal performance » Medium thermal performance » High thermal performance
» Manual handling » Fully automatic handling » Fully automatic handling
» Low pin count » High pin count » High pin count

13 Copyright © Infineon Technologies AG 2025. All rights reserved.
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SMD Top Side Cooling Advantages
Power density by system complexity reduction

SMD Bottom Side Cooling SMD Top Side Cooling

169 .

# of connectors v  egipr # of connectors
o . e

PCB: FR4 + IMS By PCB: FR4
i

> IMS board for
power components

» FR4 board for I‘ » FR4 board for power,

driver & logic components - driver & logic components
-

Complex system assembly Simplified system assembly

14 Copyright © Infineon Technologies AG 2025. All rights reserved.
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TSC: Thermal Performance on Board/System Level

Gap Filler Influence with Isolation Foil: 1.4 W/mK

(5kV Iso-Strength)
double insulation 11
10 10.08
9
8
_.. GFES00S35 7 . .
SaqTae g Application-Tolerance
6 , 528
g 5 Package-Tolerance .
¥ 4 €&/ o
I o 37T
3 " 330
Isolation Foil ~ 125um, 1.4W/(mK) fixed 2 4 i
Gap Filler 200 ... 2000um | 1 f !
1. 5W/(mK) would be varied 0 I !

Oum  200pm 500um 1mm 1.5mm 2mm
Gap Filler Thickness

15 Copyright © Infineon Technologies AG 2025. All rights reserved.
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Cost optimized
for inverter stage

e - SOP 650V CoolSiC Gen2 < 750V CoolSiC Gen1 f’s 650V SiC Diode Gené
Released /
25Q4 - ‘Q

650V CoolMOS CFD7 650V IGBT7 H7

;T]zl] Performance improvement for Boost or for both stages - or lower weight Ql@

Released

P < <>

1200V IGBT7 H7 1200V CoolSiC Gen2 and Gen6 SiC 1200V 2 x CoolSiC Gen2 in 1200V CoolSiC Gen2
Diode in Boost Halfbridge

1200V 650V — 750V

&
3
A
A
oy
D2
Di/52
51

o
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CoolGaN™ Product Families

CoolGaN™
Transistor

Infineon's CoolGaN™ Transistor
are normally-off devices. They

range from 60 Vup to 700 V.

18

CoolGaN™

BDS

Family of monolithic
bidirectional switches (BDS)
based on Infineon CoolGaN™
Iransistor technology.

oo

MV

Sub1

D1

CoolGaN™
Smart

Family of CoolGaN™ Transistors
with industry-leading integrated
features such as lossless current
sense and protection functions.

Protect

CoolGaN™
Drive

Infineon’s CoolGaN™ Drive
family integrates CoolGaN™
Transistors with intelligent gate
drivers.

Half-bridge

Copyright © Infineon Technologies AG 2025. All rights reserved.
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CoolGaN™
Control

The CoolGaN™ Control family
comprises stand-alone
controllers as well as CoolGaN™
Transistors with integrated
controllers.
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CoolGaN™ Transistors & field-oriented control (FOC):
Overall value position of GaN in motor drives

Advantages of CoolGaN™... combined with FOC to produce ... ... new possibilities!

~ Low specific on-resistance ~  Lower switching loss Higher power density

~  Lower Quss & more linear Cogg ~ Higher switching frequency possible - Smaller power stage

~ Lower Qg ~ Cleaner switching waveforms ~ Smaller bulk capacitance
: ~ Smaller/No heatsink

- NoQ, ~  Shorter dead-times

~ Enables integration of drive + motor

x ,_ Lower current ripple

fithy ‘/.*.\4' ~ Higher motor & overall system

Phase current with i ‘\,i / ‘ efficiency

20 kHz FOC \\41,"& YW ¥ | ~ Lower torque ripple

W] Lower acoustic noise

— ~ fg, >> 20 kHz possible

—  Shorter dead-time further reduces
noise

Motor control dynamics

~ Higher control loop bandwidth

~ Faster step response

May enable innovative new low-

inductance motors

—~ Low inductance package

Phase current with E
100 kHz FOC ”

650 V, 140 mQ CoolGaN™ Drive

19 Copyright © Infineon Technologies AG 2025. All rights reserved.
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Applications
MV GaN (<400 V) HV GaN (> 400 V)
E-mobility Robotics Servo & Compressors  Drum Pumps

home appliance

?R‘\) o : S| e

M S C) 0 &

500 W — 10 kW 200 W — 2 kW

Increase power density. Reduce motor losses. Remove the heatsink. Increase efficiency.

20 Copyright © Infineon Technologies AG 2025. All rights reserved.
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Reference/evaluation design for e-bikes, kick-scooters, industrial
servos, and drones

Q12025

© Q32024 ‘ Q3 2024
Input voitage 48 Vp typical Input voltage 48 Vpc typical Input voltage 48 Vpc typical
Output current 30 Asns Output current 20 Arus Output current 150 Arms
< : 1.1 KW (with air flow & no heat 8.3 kKW (with air flow & no heat
Output power 1.7 KW (with air flow & no heat spreader) Output power spreader) Output power > de(r)
Peak efficiency 99% Peak efficiency 99%
Peak efficiency 99 %

Switching S

100 kHz Switching frequen 100 kHz typ.
frequency i) e Switching frequency 100 kHz typ.

. < Z 71x76Xx3.6 mm
] ] 29 x 51 x 6 mm (without connectors or Dimensions - . ] 132X 72 x5 mm

Dimensions heatsink) (96 X 40 active area) Dimensions (111 x 47 active area)
Power density 3.1 kW/in? Power density 2.3 KWiin? Power density 2.9 kWiin?

1GC03351081, 1EDN7126U,
Infineon TLI4971-A050, 1ISZ022N06LMS6, IGC033510S1, 1TEDN7126G 1GC033510S1, 1TEDN7116U,
components TLT9251VLEXUMA1 Infineon components TLI4971 Infineon components TLE4972

21 Copyright © Infineon Technologies AG 2025. All rights reserved.
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What about high-voltage CoolGaN™ Transistors?

Solutions for consumer motor drives

ey v 7 E

Space optimized: IPM
Higher power rated motors
Gate driver integrated in IPM

A
HIGH @ m D CoolGaN™
1 ! - -
Space optimized: IPM
Integrated in motor housing
Gate driver integrated in IPM

Enabled by
WBG

INTEGRATION

Thermal optimized: IGBT/CoolMOS™

Larger PCB space to extend power w/o heatsink “ \\ Assembly optimized: IGBT/Module
1 ‘i Easy HS mounting + isolation
™ l
CoolMOS™ PFD7 l e - \ QU
1
LOW | ‘ !
- 8. &% - BT =
I S 7y . v 4 ) . :
o &y ™ ; mp e T
10W 100 W 300 W 1 kW 3 kW

MOTOR POWER
22 Copyright © Infineon Technologies AG 2025. All rights reserved.
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Switching technologies for industrial drives:
600 V IGBT and CoolGaN™ G5

Technology Vierppss

vl

IGBT 6A
IKDO6NG60ORC2

CoolGaN™ G5
140 mQ

Reduction

§ 3 s

Reduces gate

Lower conduction losses Enables continuous hard commutation O
driving losses

- especially in light
load conditions

23 Copyright © Infineon Technologies AG 2025. All rights reserved.
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Loss comparison: GaN vs. IGBT

Losses vs IGBT

16
14
A
12
10
8 >70%
6 = High dependence on
motor (power factor)
4
>70%
| .
: 1
IGBT 6 A IGBT 10 A GAN 140mR IGBT 6 A IGBT 10 A GAN 140mR IGBT 6 A IGBT 10 A GAN 140mR IGBT 6 A IGBT 10 A GAN 140mR
100% Load 75% Load 50% Load 25% Load

mPcond mPsw
*Power losses calculated using calorimetric method. Losses for IGBT simulated.

24 Copyright © Infineon Technologies AG 2025. All rights reserved.
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