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Regulation due to the goal of net zero emission is Heat pump market is growing since 2000 with

Booming heat pump market in the world and Europe

the reason for the increase in heat pump sales up CAGR of 19.7% and expected sales of 12.9 million
to 2030 in 2030

Total installed heat pump worldwide Heat pump sales in Europe

700 in millions units in thousand units
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Market segmentation of heat pump according heating power

Application market segments

Heating power Overview electrical power requirement

230 V/ 1 PN/ 50 Hz <3 kW <60 W <125W

2 kW to 8 kW

=
=
—

230 V/ 1 PN/ 50 Hz <4 kw

- 8 kW to 13 kW <180 W <230 W
£ <5 kW
5 400 V/ 3 PN/ 50 Hz
2z
(n'd
13 kKW to 20 kKW 400V/ 3 PN/ 50 Hz <8 kW <300 W <290 W
400 V/ 3 PN/ 50 Hz > 8 KW > 500 W > 580 W

> 20 kW

o
o
o)
S
S
S

(@)

2022-11-16 Copyright © Infineon Technologies AG 2022. All rights reserved. Infineon Proprietary



Table of contents

(infineon

Introduction

Heat pump power block PFC

Leading-edge technologies

PFC and drives

Heat pump power block drives

Design degrees of freedom

Summary

13

28

38

A4

2022-11-16

Copyright © Infineon Technologies AG 2022. All rights reserved.



Simplified heat pump power block diagram
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1-phase PFC topologies — CCM boost

SiC Diode
I —
P17
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(infineon

» Requires bridge rectifier
» Single unidirectional switch + diode
» Simple control
» Moderate efficiency
» Optional interleaving
— Reduced ripple
— Reduced inductor losses
— Reduced switch losses
— Increased part count

IGBT, SJ,
SiC MOSFET

Image Source: J. W. Kolar and T. Friedli, "The Essence of Three-Phase PFC Rectifier Systems—Part I," in IEEE
Transactions on Power Electronics, vol. 28, no. 1, pp. 176-198, Jan. 2013, doi: 10.1109/TPEL.2012.2197867.

2022-11-16 Copyright © Infineon Technologies AG 2022. All rights reserved. Infineon Proprietary



(infineon

1-phase PFC topologies — Totem pole

» No bridge rectifier

> Requires two bidirectional switches
» High efficiency

» High power density

St D » Optional interleaving
. Jt} — Reduced ripple
: M — Reduced inductor losses
C, — Reduced switch losses
Vi —— éRI — Increased part count

.

SZ - Dj

Jn&x &

IGBT+Diode, SiC

MosFET,
Image Source: https://www.researchgate.net/publication/45573039 An_Interleaved Totem-
GaN Pole Power_Factor_Correction Converter
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Simplified heat pump power block diagram
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3-phase PFC topologies — Passive p

» Requires 2 diodes per phase

> No active switch required

> Moderate losses in inductor & diodes
» Low PF

> Vpoenom < 600V

600
400 20
= 200 10 <
I . A [ /
> la, (20mH) \ N &
Z
-200 \/ -10
-400
0 5 10 15 20
(C) t (IIlS) Image Source: J. W. Kolar and T. Friedli, "The Essence of Three-Phase PFC Rectifier Systems—~Part I," in IEEE

Transactions on Power Electronics, vol. 28, no. 1, pp. 176-198, Jan. 2013, doi: 10.1109/TPEL.2012.2197867.
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3-phase PFC topologies — Vienna rectifier p

» Implementation (b) is most common

. » Requires six diodes per phase and one
& unidirectional active switch
b e » High efficiency
¢ g » High energy density
» Vpe > 600V
(a)

P

M
Jok 3
T IGBT
or
" SiC MOSFET
! L
a {h } (d) Image Source: J. W. Kolar and T. Friedli, "The Essence of Three-Phase PFC Rectifier Systems—~Part I," in IEEE

Transactions on Power Electronics, vol. 28, no. 1, pp. 176-198, Jan. 2013, doi: 10.1109/TPEL.2012.2197867.
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Infineon 1200 V IGBT 7 S7 infineon
The new generation short-circuit robust IGBT &—/

40 A 1200 V low speed IGBT
Total switching loss (mJ) vs Vce(sat) @ Tc=25 °C)

Non Punch Through Trench Field Stop Micro Pattern Trenches
Infineon IGBT2 Infineon IGBT3 . Infineon IGBT7

7
(Infineon 1990 ROW: 1997) (Infineon 2000 ROW: 2006) (Infineon new generation)
6,5
Emitter Cais Emitter Cale Emitter CEi

6 .
? Competitor 2 E E E
£ 10usec
P 55
w
8 5 /. IKW40N120T2
g Py 10usec |
;’ 4.5 . Collector Collector
£ IKW40N120CS7
S 4 8usec Competitor 1
£ 10psec Collector
7]
= 3,5
3 Advantages Advantages Advantages
[ > Implanted Back-Emitter > Implanted Back-Emitter > Highly adjustable Emitter

3 > Better adjustable > Thinner Base Region > Carrier Profile

Optimization
2,5
Performance Performance Performance
2 > Low Switching losses > Lower VCEsat > Very low VCEsat
> Robustness > Lower Switching losses > Very low switching losses
1,5 1,6 1,7 1,8 1,9 2 21 > Humidity rugged

Conduction losses Vce(sat) (V)

The best-in-class MPT technology of IGBT7 S7 allows reduction of both Vce(sat) by ~ 10%

and total switching losses up to 30% lower than previous generations
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Infineon 1200 V IGBT 7 S7 (iﬁneon
Total switching loss (Etot): 16~27% lower than T2, H3 @ 5~10V/ns

Etot @ different dV/dt, 150 °C [mJ] . Ve VS. Eqp unlimited dV/dt

12
+17% +16% ’ T2
10 10us

~
(¢)]

E 7
+27% =
8 -13% +18% +30% 06
-3% ©
6 _n0 - 6
= 55
. ,
= @
== 5
2 - 8us S6 ':'g’
S
S6 S6 S6 45 3us M
0
5V/ns 10V/ns Unlimited 4
1,7 1,9 2,1 2,3 2,5 2,7
Tested with IKW40N120CS7, IKW40N120CS6, IKQ40N120CH3, IKW40N120T2, Vce @ Inom, 150 °C [V]

V4. = 600V, | = 40A, including co-packed diode reverse recovery loss

» S7 generation ahead of T2 and H3
» ST has similar tradeoff curve as S6, but

much larger SC withstand time
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650 V TRENCHSTOP™ IGBT7 T7 in PFC topology

Losses split Efficiency comparison

40
9
8

F 5 1

&
TRENCHSTOP™

98,9%

Psw [W]

3
3

37

IGBT H3

— O SC rating

34 I | =TT - - - r-=-=""r-=-"-Tr--"=""-"r-=-"—""- C - =T
IGBT7 T7 — S!L; I > IGBT7 T7 ith SC rating

40A \With-SC- 98’7%

1
i
I
1
1
|
Infineon || Competition 98.,8%
- i
i

With SC
30A

30
29
28
27
26

30A

Efficiency n

NO NO

Q
SC

98,6% =3

I

1

1

1

1

1

I

: NO
1 sC
t

1

]

1

1

]

1

1

NO

sc H
98,5% 3

25
WRs | ¥+ “son-

NO SC
40A 17 18 19 20 21 22 23

Pcnd [W] 98,4%
*SCWT - Short-Circuit Withstand Time

IKW30NGSET7 o IKW30NG65WR5
IKW30N60H3 ¢ IKW40N65WRS

i) [A]
== |IKW30NGSET7 IKW30NGOH3 &+ IKW30N65WRS

e [KWAONGSWRS IKW40NGOH3

Infineon offer the best-in-class devices for PFC application, with or without SCWT

The PFC test conditions and simulation validation, for details and complete of application tests look appendix
lin(pk)=16 Arms, Vin=180 Vrms, Vout=400 V, Vin=180 Vrms, Fpwm=30 kHz, Pi=3 kW, Tj=100°C, Rg(on/off)=22/10 ohm
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Infineon CoolMOS™ (C7 series

2022-11-16

Infineon offer the best-in-class devices for PFC application

New CoolMOS™ C7 series comparing Best-in-Class competition R, per package

650V C7 vs. Competition in TO-220 & D?PAK

650V C7 vs. Competition in TO-247

100 50 40 36
s 92 s 35
S 80 E]
g 70 63 4 30
E’ 60 i @ 25
§ 50 520
2 40 E 15 -
T 30 g
3 £ 10
20 x
= 10 s 5+
Infineon C7 Competitor A Competitor B Infineon C7 Competitor A Competitor B

Infineon new CoolMOS™ C7 extends our lead in TO-220 & D*PAK
package with a 29% lower Ry, than the nearest competitor

1.0 95
0.9 \ = TO-247_IPW&OR0ASCP [ = TO-247_IPW&0R045CP
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0.5 N 94 — T0-247_Competitor3 [
0.4 \\-...__
®03 S — — 10
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o
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03 — - -
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Infineon’s new CoolMOS™ C7 establishes technology leadership
in the TO-247 package with a 34% lower Ry, than the nearest
competitor

P (W]
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Infineon will complement each of its leading-edge silicon solutions with (iﬁneon |
a wide bandgap technology

@_ Innovation and technology TRENCHSTOPTM to COOISiC ™

leadership

Emitter Cate

[ ]
lllilll Si p :I !l SiC
B IGBT : - MOSFET
T

Collector

!

CoolMOS™ to CoolGaN™ and CoolSiC™

S G | I
p :l l SiC
| - MOSFET

Si

Superjunction

GaN
HV e-mode lateral HEMT

OptiMOS™ to CoolGaN™

R AR _H GaN
MV e-mode lateral HEMT

Si

Fieldplate
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Summary of trench versus planar in SiC

(infineon

SiC planar

Source Gate
o

Drain

SiC trench

Infineon trench

=

Easy/cheap process
Good shielding of oxide possible

Drain

Source Gate
Q O

Drain

> Low channel resistance :
+ , Shrink potential higher Granted by Infineon trench technology
than in DMOS experience over > 25 years

>

Very low channel mobility

> Sophisticated process
(know-how needed)

Granted by Infineon SiC folded

B , Limited shrink options L - :
> Protection of oxide double trench structure
corners needed
2022-11-16 Copyright © Infineon Technologies AG 2022. All rights reserved.
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Concept motivation trench versus planar (iﬁneon
Cell concept based SiC-specific interface properties

SiC planar SiC trench

Source Gate Source Gate

Drain Drain

> InlignCEBly EiesEes 2B il Gt s Eies > Low density of defects leads to low channel resistance

> Low on-resistance achievable via high electric fields across : : —
: > Low on-resistance achieved at oxide field below
the gate oxide 3 MV/em

> All planar SiC MOSFETs today with more than 3 MV/cm for

turn_on’ IOW VGS_th and h|gh VGS—On POSSlble tO aChIeVG hlgh VGS_th and IGBT Ilke VGS_on

Reliability risk !
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1200 V CoolSiC™ gate charge design to counter parasitic turn-on

20 1000 800V
L CpdV s =12nC
15 e R S ——— dp——— ||| | M~y LS b \Y)
10 - , , - 600 well designed to avoid
E E parasitic return-on
” if du/dt high:
N 3
5 - : - 400 Qep _13nC _ oo
E Qeseeny 15nC
]
]
0 E 200
1
1
R T 10%, 80V
5 E 0

0 2E-08 4E-08 6E-08 8E-08
Qasith) Qg [C]
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1200 V CoolSiC™ Body Diode commutation robustness, (iﬁneon
800 V, 25°C and high currents

turn-on at switch

200 |
body diode, 25°C, -9V at diode, R;=8 Ohm
180 | i
0 L body diode behaves similar to SiC Schottky diode
% 120 — 200 - ) )
£ | 'G5 Schottky diode, 25°C, R;=8 Ohm
> 100 | 180 - _
; 80 160 -
% 60 | 140
g 2
3 40 5120 |
é‘ 20 '_Inom rRralavaveveay .w Emu:—
ol VAAAAARRAR AR A 5
03 0.4 05 06 07 os &
Time in ps x

» earlier damping of oscillations (n,p) —> .
» wide SOA: ~4.5 times datasheet |, 20!

0.3 0.4 0.5 06 0.7 08

at 800 V/1 OOOC Time in ps
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1200 V CoolSIiC™ high current and temperature commutation

robustness

(infineon

200

180

S N el - slightly higher Qxr for body diode

(

—_

P

o
I

Y
]
o

-

o

o
|

SICMQOS, 175C, 80hm, -9V Vgg — |-

80 f

[

at 175°C, emitter efficiency rises

current [A], 0.1 x voltage[V]

40 |

| -«qi —body diode

0.3

0.4 0.5 0.6 0.7
Time in us

0.8

Best-in-class QRR vs.
temperature
reduced EMI due to
recovery behavior

2022-11-16
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infineon
1200 V CoolSiC™ body diode surge current behavior &—/

10 . 250 10 : . : 250

Vgs=-5V, 25°C Vge=15V, 25°C
8| 200 8 . | 200
6 | 150 6 | 150
= .z = <
:;} 4 | 100 = ; 4 - 100 fﬂi
' transition to
? - bipolar mode,
? | % % similar to SiC %
MPS
0 . 0 0 | | | i 0
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
Time[ms] Time [Ms]
-5V /25°C 234 (10x 1._,)
-5V /175°C 186 2
15V /175°C 184
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IGBT vs SiC MOSFET: Short-circuit temp distribution (1200 V class) p

IGBT after 10us SC SiC-MOSFET after 3us SC
temp. /E-field temp. drain
4 emitter E-field collector 4/ :
o] 3 max. temperature
'c. — "
5 ) : located close to
+ = front-side metal 5
S ] I ¢ : backside not
= — i of interest
f 3 5
S s el ¢ /
max. temperature
located deeper in : PO\ :
the base e i Nsource temperature i
< »  © R. Baburske «—> © B. Zippelius

active base width active base width

» SIC MOSFET with significantly higher temparature at front side after withstanding short-circuit event
—> very limited number of allowed SC events

» SIIGBT with temparature peak deep in the base (metal not much stressed)

2022-11-16 Copyright © Infineon Technologies AG 2022. All rights reserved. Infineon Proprietary



Significant improvement of thermal capabilities by .XT interconnection

(infineon

: : XT interconnection
Standard interconnection in TO-263-7

Standard soldering Diffusion soldering

% CoolSiC™ chip .

Thermal performance in small

form factor

0.66
K/W

Standard
soldering

0.23
K/W

Max Ry,

Max Z;, @ 1 ms

25% reduction

0.50
K/W

45% reduction

Also available in TO-247

and modules

standard elimination of solder joint
soldering iffusi i
through diffusion soldering Standard
soldering
2022-11-16 Copyright © Infineon Technologies AG 2022. All rights reserved.
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Cosmic ray and SiC: Impact on real designs and difference from Si

SiC MOSFET: smaller active area
than Si IGBT/diode (same current) 1,E407

1,E+06

SiC MOSFET: no need of free- IGBT + Diode
wheeling diode (which contributes to 1,BE+05
CR FIT) 1,E+04
Si FIT rate: larger increase with £ 1,E+03
- - . o
rising T; (compared to a SiC E  1,E+02
MOSFET) L
1,E+01
SiC MOSFET
1,E+00
Graph represents typical CR FIT 1 E-01
values for a 200 A Si- and SiC-based ’
half-bridge at 25°C and sea level 1,E-02
600 700 800 900 1000

DC Voltage in V
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Simplified heat pump power block diagram

(infineon

Motor Drive
Compressor

Motor Drive
ODU Fan

Motor Drive

Compressor

Motor Drive

ODU Fan
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System loss contributors

Converter
loss

Transmission Conduction
loss loss

L O S S / T Bearing support assembly
CO ntrl b u to rS 4 | Rotor core sections

T from laminated steel

T Bar wound wire

Mechanical

|OSS |r0n IOSS ‘ v = \ Magnets o

Steel plate T

Rotor hub T

Stator core
from laminated steel T

PM loss

Source motor images:
https://media.gm.com/ (General Motors)
https://www.bunting-berkhamsted.com/industries/motors/ (Bunting-Berkhamsted)
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(infineon

T Bearing support assembly

System loss contributors

Rotor core sections

Core (iron) and permanent 7 et
magnet losses depend on 78ar wound wire
frequency (motor rotational
speed) and flux density of the
machine.

Magnets o

Steel plate T

Rotor hub T

Stator core
o

from laminated ste

They are constituted off:

Loss
contributors

> Eddy current losses
> Hysteresis losses

» Harmonics

Power electronics effect all
three constituents of core and
PM losses, through switching

frequency, sine wave form and
Source Motor Images:

https:/media.gm.com/ (General Motors) power denSity

https://www.bunting-berkhamsted.com/industries/motors/ (Bunting-Berkhamsted)
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infineon
System loss contributors k—/

The converter losses are a
direct function of the choice of
power electronic technology, Converter
package, gate drive and power loss
loop layout/design.

The loss contributions consist LQSS
of - contributors

» Conduction losses

Eiff map Inverter i=

»  Switching losses

»y Gate driver losses

» Parasitic layout losses

Source Efficiency Curves:
https://www.hbm.com/en/
https://chargedevs.com/features/tech-features/hbks-digital-algorithm-can-map-ev-motor-efficiency-10-times-faster-than-analog-systems/

2022-11-16 Copyright © Infineon Technologies AG 2022. All rights reserved. Infineon Proprietary "
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infineon
dV/dt Misconceptions p

VGE“
400 41 | /;> *é
| Vpp = Vg = 400V
: IIoad = 5A
| T,=125°C
300 11— Ve SiIGBT
| [dV/dt,g.g0 =5 Vins

//

- . 0= I L I
ol 4 =tiza t -50.0n 0.0 50.0n 100.0n 150.0n
ton— toff— 1] t(s)

Source switching illustration:IGBT, Mr. A. Johny Renoald M.E., Ph.D
You don’t need to increase dV/dt in

Increasing dV/dt is often described as a source of: order to achieve system benefits
> Damage to Motor > Improved sin quality
>  EMI > Lower EMI

» Losses etc...

2022-11-16 Copyright © Infineon Technologies AG 2022. All rights reserved. Infineon Proprietary



Simulated switching curves — Turn-off

400

300

Vee Vs (V)
N
8

[ 150

Vpp = Vg = 400V

loag 15A 15
T,=125°C ‘
—— Ve Si IGBT <
Il SilGBT |10 2
_O

—— Vs SiC MOSFET
|, SiC MOSFET

100 /é/
0 = 'ﬁ' ? . e r"" ------ ‘ ........... :" 0
-100n 0 100n 200n 300n 400n 500n
t(s)

2022-11-16

Copyright © Infineon Technologies AG 2022. All rights reserved.

(infineon

IGBT and SiC MOSFET half-bridge simulated turn-off
curves with similar dV/dt (10-90%) of 5V/ns

» IGBT shows accelerated dV/dt towards higher voltage
— Increased HF content in EMI spectrum
— Larger overshoot under similar parasitic conditions
» MOSFET voltage transition rather smooth
» IGBT losses increased due to tail current
» No tail current in SiC MOSFET

Infineon Proprietary



Simulated switching curves — Turn-on

Vpp = Vg = 400V

400 — 40
] ‘? IIoad = 15A 1
T,=125°C
300 T k — Ve S! IGBT 1 30
1 it lc SilGBT ]
S — Vps SiC MOSFET] ] 7o
a lp SiC MOSFET| {
=200 Al 20 —
| ;. oA R i L ] _O
>O "E" \\ T rean -.....--....-.......-.. . ST T
100 - ‘ \ - 10
0 g—ﬁﬁw
-200n -100n 0 100n 200n 400n
t(s)
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IGBT and SiC MOSFET half-bridge simulated turn-on
curves with similar dV/dt (90-10%) of 5V/ns

» IGBT shows higher current peak due to diode reverse
recovery and higher Cygqg

» IGBT reverse recovery current decays slowly and
adds to the turn-on losses

» SIC MOSFET shows slower current slope for speed
control

Infineon Proprietary



Loss simulations — IGBT vs. SiC

12 r . . .
IKD1ONBORCZ  ||Vor = 400 V
""" Peond T,=125°C A
109—p +P f =
cond swW fsw =8 kHz /
1IMBG65R260MH1 dV/dtm%-go% =5V/ns / //
L Pcond /
’;\ {— Peona * Peu / /
i ~ e
D_Q i /"’:"."
4 /
2 e
//
0 // ; ; ; . .
0 1 2 3 4 5 6 7

IRMS (A)

PIoss (W)

Losses per switch in a half-bridge leg under sinusoidal current assumption:
» IKD1ON60ORC2 and IMBG65R260MH1 show similar conduction losses at ~5A RMS current
» Switching losses of IKD10N60RC2 are significantly higher than those of IMBG65R260MH1
» Selecting the right switch for an application requires looking into all loss mechanisms
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|IKD10NG6ORC2 VDC =400V /
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- Pcond + Psw /
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How the semiconductor impacts the motor

(infineon

Motion control

System efficiency

Motor improvement

Increased loop bandwidth
- Faster reaction times
- Higher fundamental frequency
Increased loop precision
- Reduced distortions on fundamental signal

Higher switching frequency
— Reduced eddy and hysteresis losses
— Reduced copper losses

Reduced distortions on fundamental signal
— Reduced eddy and hysteresis losses
— Reduced copper losses

Reduced inverter losses

Higher fundamental frequency
- Higher pole count motors for core loss reduction
- Higher RPM for gearbox / belt drive mitigation
Cleaner switching edges reduce earth fault currents and EMI
Reduced core and copper losses
- higher current > higher torque - gearbox / belt drive mitigation
- Weight and size reduction options = size, air resistance etc

T Bearing support assembly

Rotor core sections
T from laminated steel

T Bar wound wire

Magnets o

Steel plate T

Rotor hub T

Stator core
from laminated steel T

Source Motor Images:
https://media.gm.com/ (General Motors)
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Design degrees of freedom for the system
S e ”” Complement the vast portfolio of
CoolS™ ] coolsic™ Hybrid e .' ~ CoolSIC™ MOSFETs with the
s, . EiceDRIVER™ gate driver ICs.
Discrete Discrete Discrete '
‘ @f ” 2300V —
" . '* =
b N - w@ Coreless TransformerTechnology (Galvanic Isolated) EiceDRIVER™ + Booster

Isolation: Reinforced, Basic, Functional or
UL1577 Visa = 5.7kV(rms) for 1 min Driver Boards
VDE0884-11 Vibrm = 1767V

1200V =

Level Shift Family
100V, 200V, 500V, 600V, 650V, 1200V

Il ENERENEN -

200V —
25y Low Side Gater Driver

1700 V

R W

mass production Continuous extension of portfolio
Status October 2022

I I I I I I Power Level
2.5 kw 5kW 7.5 kw 30 kW 75 kW 200 kw
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Degrees of freedom

Technology Integration complexity

™
1 IKD10NGORC2 Vpe =400V IMOTION L/
14477 Peond Tj =125°C
— Peona * Py fow = 16 kHz i 1 .
12 1IMBG6E5R260MH1 |dV/dt, g, o5, = 5 V/ns Modules Enab“ng. .
S Peond Complex Topologies, IPM
~"1—P, P : i
S cond * o with Integrated Gate i
&° _ c %stt ~ , drivers, and even modules
Lt ontriputors . . Digital Controller
6 RIS with yC+driver+power MGE 2.0 or A Cortex® M0
4 - el stage +600V Gate Driver
P L.enit o ’ +3ph 600V MOSFET power stage
- - --:"'.:'-'-"’
0 e N ;.
0 1 2 3 4 5 6 7

Irws (A)

B Thermal degrees of
freedom

Parasitic

Power Density...

@
=}
8

Utilize the package
and footprint that
suites your assembly
and thermal design
needs...

N
&
8

A,

Vee (V). le (A)

Vee (V). le (A)

~
=1
=3

=]
3

=)

PFC

00 02 04 06 08 10 00 0.2 04 06 08 1.0
t(ps) t(ps)
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The new Villach 300-mm module will add significant capacity for (imeon
power semiconductors

Secured manufacturing &
supply

Press Release: Link, 17t February 2022

Key criteria for site selection

» Economies of scale
» Time to revenue

» Geographic diversification

Building space ~60,000 m?

Total frontend investment > 1.6bn EUR over 6 years
Revenue potential > 2bn EUR per year

Start of construction Early 2019

Ready for equipment Early 2021

Start of production Beginning of August 2021
Technologies IGBT and MOSFET for all end markets
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Expansion of SiC and GaN capacity follows our long-term (imeon
manufacturing strategy

Secured manufacturing &
supply

Press Release: Link, 17t February 2022

Rationale

» Seize structural growth opportunities linked to
electrification

» Prepare manufacturing cluster for acceleration of
WBG

» Create higher resilience of WBG supply by further
expanding capacities with Kulim 3 and in Villach

» Leverage economies of scale

I Total frontend investment >2bn EUR
I Revenue potential ~2bn EUR per year
I Groundbreaking January 2022

I Start of construction June 2022
I Ready for equipment Summer 2024
I First volumes out Second half of calendar year 2024
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Multiple supply sources along with capacity invest secure long-term (iﬁneon
success and high-volume production

Secured manufacturing &
supply

=

SILTECTRA

An Infineon Technologies Company

Global multi-sourcing Acquisition of Invest in in-house
strategy for SiC wafers and SILTECTRA™ to capacity in Villach
boules in place double wafer usage and Kulim

Supply SILTECTRA™ In-house capacity

> "Cree, Inc. Announces Long-Term Silicon Carbide Wafer Supply N SILTECTRA™ has developed a wafer splitting

Agreement with Infineon* (26 February 2018; Go to technology, called Cold Split, which allows to
Announcement) precisely separate crystal material with minimal
> “Infineon expands supply base for silicon carbide with GT material losses especially compared to sawing
Advanced Technologies” (9 November 2020; Go to (12 November 2018, Go to Announcement)
Announcement)
> “Infineon increases supply security for silicon carbide by »  Expansion of SiC and GaN capacity in Villach and
expanding the supplier base” (6 May 2021; Go to Announcement) Kulim

> Villach ramping up, Kulim construction started
» First volumes out of Kulim expected EO CY24

> Infineon expands supplier base for silicon carbide wafers / Supply
agreement signed with US-based II-VI Incorporated (23 Aug
2022, Go to Announcement)
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https://www.cree.com/news-events/news/article/cree-inc-announces-long-term-silicon-carbide-wafer-supply-agreement-with-infineon
https://www.infineon.com/cms/en/about-infineon/press/press-releases/2020/INFXX202011-014.html
https://www.infineon.com/cms/en/about-infineon/press/press-releases/2021/INFXX202105-068.html
https://www.infineon.com/cms/en/about-infineon/press/press-releases/2022/INFXX202208-114.html
https://www.infineon.com/cms/en/about-infineon/press/press-releases/2018/INFXX201811-016.html
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Summary

(infineon

Infineon is the semiconductor system solution
provider of choice for a greener future with
heat pumps

We support our partners in finding designing
in the best solution for their system

We offer best-in-class semiconductors in a
broad range of packages

State of the art gate drivers, microcontrollers
and software solutions

From supply chain to system solution Infineon
is the best partner for your applications

Together towards a carbon neutral future

For more information, please go to our
website:

www.infineon.com/heat-pump

(iﬁneon

Infineon product according segmentation for compressor inverter

Power consumption
P Gate driver Power switch
compressor

Infineon product families:

SiIGBT/
™ ™ T™M
PSoC™ 6/ XMC EiceDRIVER H SIC MOSFET
SiIGBT/
™
‘ iIMOTION™ driver (IMD110) ‘ SiC MOSFET ‘ B A
iMOTION™ controll PSoC™ 4/6 (IMC100, IMC300
I (IMC 100 af](:jnar(‘)]of ' CIPOS™IPM ‘ and IMD 110)
‘ PSoC™/ XMC™ ‘ EiceDRIVER™ ‘ < iy 4y
EasyPIM™ . ’ L , .
‘ iMOTION™ driver (IMD110) ‘ ~ -
-
i S IPM CIPOS™
‘ PSoC™/ XMC™ ‘ EiceDRIVER™ ‘ ‘ SiCSII\L%Z-II;/ET ‘ EiceDriver™ (IMX818, IMX828, )
) ) SiIGBT/
™™
‘ iMOTION™ driver (IMD110) ‘ ‘ SiC MOSFET ‘ \
PSoC™/ XMC™ EiceDRIVER™ ‘
| . 4
EasyPIM
iCT™M
‘ iIMOTION™ driver (IMD110) ‘ TRENCHSTOP™ |GBT ~ CooISiC™ MOSFET

Infineon solution with product for PFC

(infineon

S -
TN230 V50 Hz R ‘ O MORFET

MOSFET
PSoC™/ XMC™

EiceDRIVER™

‘ CIPOS™ Mini IPM ‘

™
iMOTION CIPOS™ Mini IPM
controller
‘ iMOTION™ driver ‘ ‘ EasyPIM™ ‘
. Si IGBT/ SiC
T™, ™ ™
3 N/ 400 V/ 50 Hz ‘ PSoCT/XMC ‘ BiceDRIVER H MOSFET ‘
‘ PSoC™/ XMC™ ‘ EiceDRIVER™ ‘
EasyPack™
‘ iIMOTION™ driver ‘
‘ iMOTION™ driver H CIPOS™ Maxi IPM ‘

Z4

TRENCHSTOP™ IGBT

i)
L
// ’
Yoy
foy

IPM CIPOS™ Mini

Infineon product families:

CoolSiC™ MOSFET

7
1
4
e

iMOTION™ controller
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Part of your lite. Part of tomorrow.
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