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Why is EV blooming?

Government regulations on CO, emissions

High pollution index in cities

E-mobility is a
fast growing
market

Continuous decrease in battery costs
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Achieving zero-emission with e-mobility

100%o | fuel /100 km

L

~30/40% | fuel/100 km

Bl& D0

O | fuel/100 km

D0 B
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Gfneon
EV charging

DC-charger DC Charging Pile

AC and DC Charging for EV

On Board
Charger (OBC)
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Shorten charging times by fast DC EV charging

(infineon

_ 20 kW™
DC charging (2 subunit of
System 10 kW)
Charging

= time’

—

=

-

i B @r@#i

=

E *) Charging time for 200km  **) incl. DC Wall-Box

Subunit: A power electronic arrangement build from both active and passive components to convert AC input to dedicated DC output. Often

referred to as "module".

- SN P Y S
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Requirements and trends at a glance

> Main stream in China is each subunit with 15kW, by stacking up to
120 kW

> 30 kW subunit design is ongoing, by stacking up to 240 kW

> Increase power is a trend, higher power for subunit is required

. ec | bc-DC

Topology T type Vienna | type Vienna Stacked Full Bridge LLC Single Full Bridge LLC
1200 V fast diode/SiC diode 650 V fast diode / SiC diode

Component 600 V CoolMOS™ 1200 V SiC MOSET

650/650 V CoolMOS™/IGBT 600V/650 V CoolMOS™/IGBT

fSWItchmg 30-50 kHz 30-50 kHz 100-200 kHz 100-200 kHz
requency

> Wide output voltage range from 200 V to 1000 V with constant power
> The maximum output current is based on lowest output voltage
200 V to 500 V output voltage for subunits

v

> Economic solution with CooIMOS™ and IGBT
> Vienna Rectifier for PFC (T-Type = I-Type)
> SiC MOSFET is preferred for compact and efficient design

Based on estimation from IFX experts
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Wide variation of DC output voltage

1000

9S00

800

700 -

600

500

Voltage [V]

400

300

200

100

> The standard requires constant output power at 700 V

| V,..,=920Vv [ | oP3
AT e
oP2 \
| P 2 350 KW \
_. |mm= 5A |max:500A
|| OP1 V,,=200V OPS
0 100 200 300 400 500 600

Current [A]

Source: Charln

> Output Voltage range from 200V to 920V

> Output current varies from 5A to 500A

2019-06-26
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26 674 Old design

700+

600+

500+

400+

300+

200

100+

—— 2017 standard

| output cyrrent different |
Lo | | 200V
> 50A

Each power module in each charger is limited to a
maximum of 20 kW

Trend is going to 30 kW

Aim to use only one type of charging subunit to fulfil
both EV private car and bus charging needs

The standard requires the constant output power at 400

\Y,

No change in existing design of PFC stage but in DC-
DC stage to fulfill the new range

Infineon Proprietary
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Leading semiconductor provider in DC EV charging

Comprehensive offering

We are benchmark in all products of our broad portfolio
ranging from power and control to sense and security

System expertise

With our unmatched system understanding we empower a broad
range of applications related to DC EV charging:

from telecom and industrial power supply to e-mobility and
embedded security

Unmatched scale

Biggest power player with strongest manufacturing
capabilities
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Key portfolio for DC EV charging designs

EiceDRIVER™

DC power

AC power in to batteries

AC-DC

— including -
PEC Stage

Gate Driver and galvanic isolation

DC-DC

CoolMOS™
CoolSiC™
IGBTs
discrete and modules

Microcontroller

AURIX / XMC XMC™

AURIX™

o ‘ —> Internal power supply

mmunication

Communication

to user
i to car - end user
€« F S
Hunll:tr;rh:aa;a ine Authentication
—_—> (= and encryption

Legend

. Power . Sensor

[ Microcontroller  [Jfj Peripherals

. Security . RF Devices
D None IFX Devices Other Produc

TPM, OPTIGA™
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Typical topologies for chargers from 30 kW to 150

KW using discrete devices

Infineon

(f\

Stacking of subunits

3 phase AC input

Galvanic isolation within the
subunit

Power of subunit
15-30 kW

EMI
Filter

AC/DC

T

@@

600 VCoolIMOS™ P7

f 7/
650 V IGBT TRENCHSTOP ™5 4

1200 V CoolSiC™ Schottky Diode

600 VCooIMOS™ CFD7
1200 V CoolSiC™ MOSFET

i/ '

650 V /1200 V CoolSiC™ Schottky Diode

Galvanic

DC/AC

Prlmary side

1

Isolation

I AC/DC
Secondary side

2019-06-26
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Trends and key drivers for DC EV charging

Higher output power

Reduction of cost per watt

Higher efficiency

Higher power density
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CoolMOS™ 7 for EV charging application in a
nutshell

Best-fit performance for target applications

> Best fit efficiency for EV charging applications

(in’ﬁneon |

in terms of
— Significant reduction of switching losses (E,.) Best-in-class price/performance ratio
— Improved gate charge (Qg) > Attractive price position for high
— Lower Rpg(ony Per package (TO-220, ThinPAK, performance technology
T0-247) > Highly attractive compared to previous
> Enabling high power density and efficiency Infineon technologies
designs
a Granular portfolio
> Rpsony Fange from 70 down to 18 mQ in
the common TO-247 package
., 600 V CoolMOS™ P7 offers > Enabling higher output power

— Outstanding commutation ruggedness
— Smooth switching waveforms High Infineon quality
> 600 V CoolMOS™ CFD7 offers

— Best-in-class body diode robustness o —

— Early channel shut down allows increase of -
RGy, ext Without negative impact on :
efficiency
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infineon
CoolMOSTM 7 to address EV charging market .

600 V CoolMOS™ P7 600 V CoolMOS™ CSFD/CFD7 '

EV Charging Stations
i j . Z
Suitable for : ijm/

PFC and LLC topologies

Suitable for

LLC and PS FB ZVS
topologies

Recommended for usage in
DC/DC stage in EV Charging

Recommended for usage in
PFC stage in EV Charging

> Best balanced technology of all CoolMOS™ families > Ultra fast body diode and best-in-class Q,, level of all CoolIMOS™

> Integrated Zener diode =S

. Perfect combination of > Highest reliability and robustness

. - .- ™ . .
Highest efficiency and improved thermals > Highest efficiency within CoolMOS™ fast body diode series

— Competitive price and

> Enabling highest power density levels thanks to best-in-class Rpg(on
> IPW60R037CSFD as optimized replacement
Outstanding portfolio granularity for IPW65R041CFD

Excellent ease-of-use & commutation ruggedness in THD and SMD packages
un;m mdsmgut Server Tm ﬂL'alg.M‘g
+ %l Emm: N % nmnnh !U
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600 V CoolMOSTM P7
Technological highlights

(infineon

Best-in-class E Best-in-class Rpg(,n dependency over T,
10 ~

035
9 1 ———PP60R180P7 CoolMOS™ pP7
———IPP60R190P6 0.3 —
8 + /7
Competitor A
7T Competitor B — < 023 // g !_ower RDs(_on)
6 Customer benefits T 02 - increase with
s = increasing
3 > Upto _60 % Iowgr Eoss compared 8015 4 junction temp.
g 4 to main competition «
S 3 01 > Reduced
5 ] > Reduced switching losses leading 0.05 conduction
1 L to higher light load efficiency o losses leading
0 iV ‘ ‘ ‘ ‘ ‘ 0 25 50 75 100 125 150 to improved
0 100 200 300 400 500 Til°cl full load
j -
VDS [V] IPW60R120P7 IPW60R125P6 s Competitor A EﬁIC|enCy
Improved efficiency and thermals compared to main competition
Delta efficiency in 3 kW PFC @ 90 V., 65 kHz MOSFET temp. in 3 kW PFC @ 90 V., 65 kHz
0
65
9 %)
E A 0.65 % =
. ]
) v E
S o
ks 0.5 1 g 60
T §
< [
-1 : : : : ! 55 T T T T 1
0 200 400 600 800 1000 200 400 600 800 1000
Output power [W] Output power [W]
e |P\\/60R037P7 s |PW60R041P6 Competitor A Competitor B e |PWE0R037P7 e |PW60R041P6 Competitor A Competitor B
2019-06-26 Copyright © Infineon Technologies AG 2019. All rights reserved. Infineon Proprietary v



600 V CoolMOSTM P7
Product portfolio

RDS(on)
Q]

600
360/365
280/285
180/185

160
120/125

99/105

Ind. Grade

80
60/65
45
37
24
600
360
280

Std. Grade

180

ES by spring 2018

4

&

DPAK
IPD60R600P7
IPD60R360P7
IPD60R280P7

IPD60R180P7

IPD60R600P7S
IPD60R360P7S
IPD60R280P7S

IPD60R180P7S

Launch by beginning of 2019
HBM Class 2C: 120 - 600mQ

2019-06-26

D?PAK

IPB60R360P7
IPB60R280P7

IPB60R180P7

IPB60R120P7
IPB60R099P7
IPB60R080P7
IPB60R060P7

IPB60R045P7

ThinPAK
8x8

IPL60R365P7
IPL60R285P7

IPL60R185P7

IPL60R125P7
IPL60R105P7
IPL60R085P7

IPL60R0O65P7

Copyright © Infineon Technologies AG 2019. All rights reserved.

TO220
FullPAK

IPAGORGOOP7
IPAGOR360P7
IPAGOR280P7
IPAGOR180P7
IPA6OR160P7
IPAGOR120P7
IPAGOR0O99P7
IPAGOR0O80OP7

IPAGORO60P7

IPAGOR600P7S
IPAGOR360P7S
IPAGOR280P7S

IPAGOR180P7S

4y
TO220

IPP60OR600P7
IPP6OR360P7
IPP60R280P7
IPP6OR180P7
IPP60R160P7
IPP60R120P7
IPP6OR099P7
IPP6OR0O80OP7

IPP6OR0O60P7

TO220
FP NL

IPAN60R600P7S
IPAN60OR360P7S

IPAN60R280P7S

600 V CoolMOS™ P7 SJ MOSFETs

& 96 § § § § &

TO220
FP WC

IPAWG0R600P7S
IPAWG0R360P7S
IPAWG0R280P7S

IPAWG0R180P7S

TO247

IPW60R180P7

IPW60R120P7

IPW60R099P7

IPW60R080P7

IPW60R060P7

IPWG0R045P7

IPW60R037P7

IPW60R024P7

Infineon Proprietary

infineon

TO247-4

IPZAGOR180P7

IPZAGOR120P7
IPZAGOR099P7
IPZAGOR0O80P7
IPZAGOR0O60P7
IPZA60OR045P7
IPZAGORO37P7

IPZA60R024P7

SOT223

IPN60R600P7S

IPN60R360P7S




600 V CoolMOSTM CFD7 mfineon
Technological highlights .

Best-in-Class Q Best-in-Class R dependency over T,
L DpS(on) A4€P y i

2000 28
1800 +— 2.6 CoolMOS™ CFD7
1600 +— ——— 2.4 7
1400 1— CoolMOS™ CSFD secures an = 22 // > lower Ros(on)
T 1200 outstanding Q,, level, even at a % 2 / increase with
= 1 lower Rpgon) g 1.8 7 increasing
o 1000 — —— —— —— = 16 junction temp.
o A~10% 79
+— ———. 2 1.4 - >
800 IPW60R037CSFD offers better z ’ : > Reduced
600 — —— —— — Q,; level than most 40 mQ '1 -~ conduction
400 +— —F — — range competitors 08 losses leading
200 +— — 20 40 60 80 100 120 140 160 to improved
full load
. . . . . Temperature [°C] fici
CFD2 Comp.C Comp.D Comp.B Comp.A CSFD Competitor A CFD7 CFD2 € ICIenCy

Improved Efficiency over competition Early channel shut down to improve oszillation tendency

Delta efficiency in 3 kW LLC

250
1.1
50 T c——
1.0 40 /
09 200 1 a0 o —— CoolMOS™ CFD7
— 08 \ 20
L o7 \\ 150 | 10 > Has nearly no
S o S ) L B3 13 increase of the E
& o ~— = 7 losses until an
2 0s e 3 external gate
£ o2 —_— —— resistor of up to 10
W oa —_— 50 o)
q 0.0
-0.1 o > Shows a much
-0.2 T T T T d
0.3 1.8 5.3 10.2 23.1 31.2 more flat Eoff_
o 5 10 15 20 25 30 RG ext [Q increase at higher
Load Current [A] ext [a] RG,,; than CFD2
IPWG0ORO37CSFD IPW65R041CFD Competitor B IPW60R037CSFD Competitor B IPWE5R041CFD
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600 V CoolMOSTM CFD7
Product portfolio

RDs(on) [Q]

360
280

210/225
170/185
145/160
125/140
105/115
90/95
70/75

55/60
40

31

24

18

2019-06-26

600 V CoolMOS™ CFD7 SJ MOSFETs

TO-263
D2PAK

IPB60R360CFD7
IPB60R280CFD7

IPB60R210CFD7

IPB60R170CFD7

IPB60R145CFD7

IPB60R125CFD7

IPB60R105CFD7

IPB60R090CFD7

IPB60R070CFD7

IPB60R055CFD7

IPB60R040CFD7

&

TO-252
D-PAK

IPD60R360CFD7
IPD60R280CFD7
IPD60R210CFD7

IPD60R170CFD7

IPD60R145CFD7

Coming soon

ThinPAK
8x8

IPL60R225CFD7

IPL60R185CFD7

IPL60R160CFD7

IPL60R140CFD7

IPL60R115CFD7

IPL60R095CFD7

IPL60R0O75CFD7

IPL60R0O60CFD7

TO-220
IPP60R360CFD7
IPP60R280CFD7

IPP60R210CFD7
IPP60R170CFD7
IPP60R145CFD7
IPP60R125CFD7
IPP60R105CFD7
IPP60R090CFD7

IPP60R070CFD7

TO-220 FullPAK

IPA60R360CFD7

IPA6OR280CFD7

IPA60OR210CFD7

IPAG6OR170CFD7

IPAGOR145CFD7

IPA60R125CFD7

Copyright © Infineon Technologies AG 2019. All rights reserved.

TO-247

IPW60R170CFD7

IPW60R145CFD7

IPW60R125CFD7

IPW60R105CFD7

IPW60R090CFD7

IPW60R070CFD7

IPW60R055CFD7

IPW60R040CFD7

IPW60R031CFD7

IPW60R024CFD7

IPW60R018CFD7

Infineon Proprietary

infineon

CoolMOS™ CFDY7 to be
released in TOLL, DDPAK
& QDPAK
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Discrete offers for bias power supplies

> Discrete solution with CoolIMOS™ P7 + QR or FF flyback PWM Integrated Controller

950 V IPN95R3K7P7 IPU9SR3K7P7
<12W 800 V IPNSOR3K3P7 IPS80R2KAP7
700V IPN70R2KOP7S IPS70R1K4P7S
950 V IPN9SR2KOP7 IPU9SR2KOP7
z—de il 800 V IPNSOR2KOP7 IPS80R2K4P7
700V IPN70R2KOP7S IPS70R1K4P7S -+
950 V IPN9SR1K2P7 IPU9SR2KOP7
15-20 W 800 VV IPNSOR1K4P7 IPS80R2KOP7
700V IPN70R1KAP7S IPS7TOR1KAPTS
950 V IPN9SR1K 2P7 IPU9SR1K2P7 .
20— 25 W 800 VV IPN8OR900P7 IPS80R1KA4P7 FF flyback IC
700 v IPN70R900P7S IPS7OR1KAPTS

> Assumptions:
0 CoolMOS™ P7 offers finely graduated Rpg o, portfolio > P7 Technology

> DCM operation
> 85% efficiency
> 40°C ambient temp.
> 65kHz fsw
a Enabling system solution with QR or FF flyback PWM IC > 100V reflected

a Cost effective package - SOT-223 offering good thermal performace

2019-06-26 Copyright © Infineon Technologies AG 2019. All rights reserved. Infineon Proprietary



Infineon

i

Proposed BOM for efficient 20 kW design

12 x 1200 V CoolSiC™ Schottky diode 16 x 600 V CoolMOS™ CFD7
.. ——

A0, k0s %

Key features and benefits

L > High efficiency with Super
- Junction CoolMOS™
750V Technology combined with

1
T%T

- Q 1J5§ Q12 ;} CoolSiC™ Schottky diode
1 Wl > Suitable for new State Grid
T j S standards
Z‘S D, zli D4Zl§ ng@ QlﬂE& > Low design complexity
> Fast time to market
12x 600 V CoolIMOS™ P7 16x 650 V CoolSiC™ Schottky diode
Application assumptions
o 600 V CoolMOS™ P7 IPW60R037P7 12 5 50 A max.
C™ H 2
g 40 kHz 1200 V CoolISiC™ Schottky diode IDWD20G120C5 12 N 20 kW, 50 A @400 vV
< . EiceDRIVER™ 1ED 1EDI40I112AH 6 :
RUERE EiceDRIVER™ 2EDN 2EDN752 a > Air cooled
o 600 V CoolMOS™ CFD7 IPWBOR037CSFD 16 > Vienna rectifier for PFC
o Lo 650 VV CoolSiC™ Schottky diode IDH20G65C6 16 > 2 stacked FB LLC with 2
8 O aralleled MOSFETs
Driver IC EiceDRIVER™ 2EDi 2EDS8265H 4 p
uc XMC™ 4000 4x PWM Timers XMC4400-F100K512 BA 2 > DC Link Voltage 840 V
*) Simplified schematic diagram. Symbols for the schematic diagram are only for illustration purposes and does not refer to the proposed bill of material. 2) coming soon
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Proposed BOM for efficient 30 kW design

12x 1200 V CoolSiC™ Schottky diode

400 V 3p £D1£D3£35

ETF I3 T
Q' 'Q
T
Q' Q
Eﬁf I T
D _D__.? Qs
Z‘S 2Zf 4[|S-)£

12x 600 V CoolMOS™ P7

Stage SUENTE Devices
Freq.
a
) 40 kHz
< Driver IC
O
a) up to
8 300kHz
Driver IC
uc

16x 600 V CoolMOS™ CFD7

16x 650 V CoolSiC™ Schottky diode

J *)

Product Part number
600 V CoolMOS™ P7 IPW60R024P7
1200 V CoolSiC™ Schottky diode IDWD40G120C52
EiceDRIVER™ 1ED 1EDI40112AH
EiceDRIVER™ 2EDN 2EDN752
600 V CoolMOS™ CFD7 IPW60R024CFD7
650 V CoolSiC™ Schottky diode IDW40G65C5
EiceDRIVER™ 2EDi 2EDS8265H

XMC™ 4000 4x PWM Timers

XMC4400-F100K512 BA

Pcs

12
12

6
3

16
16
8

2

*) Simplified schematic diagram. Symbols for the schematic diagram are only for illustration purposes and does not refer to the proposed bill of material.

2019-06-26
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Key features and benefits

> High efficiency with super
junction CooIMOS™
Technology combined with SiC
diode CoolSiC™

> 10 kW increase in power with
same BOM

> Low design complexity
> Fast time to market

Application assumptions

> 30kW, 75 A @400V

> Air cooled

> Vienna Rectifier for PFC

> 2 stacked 2 interleaved FB LLC
> DC Link Voltage 840 V

2) coming soon

Infineon Proprietary



Infineon’s power solution positioning for (iﬁmeon

EV charger

o Stacked modular
Modular solution is recommended solutions

350 kW

modular
solutions

120/150 kW

i

EconoDUAL™
EconoPACK ™4

30 kW
Easy CoolSiC™ EconoPACK™4

Stacked 50 kW

4/5 x 30 kW )
modular solutions

up to 150
Stacked 20 / 30 kW

discrete solutions

kW
grey zone

CoolMOS™

<60 kW
discrete
solutions

IGBT . q .
TRENCHSTOP™ 5 Discrete solution is recommended

IGBT i i R
@ et Discrete solution is recommended

* DC charger subunit or DC charger
2019-06-26 Copyright © Infineon Technologies AG 2019. All rights reserved. Infineon Proprietary
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(infineon

Electric vehicles are split up into 4 parts generally

Internal combustion Hybrid electric Plug-lp hybr:td Battery electric Fuel cell electric
electric vehicle

engine {\shicle (ICE) vehicle (HEV) vehicle (BEV) vehicle (FCEV)

Trans-
mission

E-motor
Power

fsios

battery
FC stack

BOP

Tank

—
ComorEomq-xternal - Parallel hybrid - Series hybrid - Purely electric drive - Series configuration of
corrbume Gine configuration of electric configuration of electric ||+ Large battery capacity, fuel cell system and
No dep sEpcy on and ICE drive; _3|5° ) and ICE drive « Li-ion technology electric drive
electricipfraskeucture known as hybrid electric |§. gmall battery charged | |- Charging of battery from] | - Fuel cell stack basad on
High fudl copsumption vehicle (HEV) from grid with 20km- the grid while stationary PEM technology
and exhaust Emissions - ICE is primary mover of 60kmrange - Shorter range than ICE: | | - Hydregentank pressure
High rafRgje: typically the vehicle with support . Small IGE-basad typically 350 or 700 bar
800-1200 km from small electric motor generatorfor extending - Medium range: typically
I + Fully electric driving only range beyond 200km 400-600 km
at low speed for smaller
C distances (<5 km)
- Better fuel economy
than conventional ICE Plu?lged

D ICE power-train . Transmission - Electric power-train . Battery - FC power-train

Source: Report Electric_Vehicles_The_quiet_rEVolution_By_Liberum
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Onboard Charger is presented in every “Plugged” (iﬁmeon
Vehicle: Battery Electric or Plug In Hybrid Vehicle

EU Example of emission efficiency

The 4 main electrification systems

48V MHEV FHEV

Low system
cost & effort

Infrastructure
not required

Limited No credit / =
CO, savings incentive =
2
c
e
o — - & ko
. £
)
PHEV BEV S
Plugged

¢ N

. . Full electric
Electric drive drive
capability capability ICE 48 V FHEV PHEV BEV
MHEV
@ Complexity of @ Dependent on
ICE + Battery infrastructure
Source: Infineon estimates All numbers are for 2017
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(infineon

OBC Architecture from semiconductor perspective

OBC

. | Primary side Secondary side

Sensor

PFC Control MCU DCDC Control MCU

e—

Power Supply for MCU, Driver, Sensor

Diagnostic & Communication MCU

2019-06-26 Copyright © Infineon Technologies AG 2019. All rights reserved. Infineon Proprietary



Trend and Typical Topologies of OBC Power Stage (iﬁﬂwon
by using discrete devices*

PEC DCDC

°—||E% °—||E%S £ K 3.3kw low cost solution
= " -C“J— Only unidirectional
- o N N

‘*g -6
[ % o—|£ % o—E% o—ﬂs“ - = 6.6kw mainstream solution
@ O_E% 1 b qg-ﬁ

NN

1-® designs
A

active rectifier and bi-direction

11kw/22kw 3phase charger
3-phase PFC+ CLLC
800V or 1200V device needed

B P Ej E} 11kw/22kw 3phase charger
i °_| °_| N QN
oo 2 Vienna rectifier PFC+ LLC

o—||§-~.% o—ﬂE-@s 650V device may work

*Discrete devices include CoolMOS™ CFDA/CFD7A,
Fast IGBT, COPAK and SiC Diode/MOSFET

1

3-o designs

Il

LI
Ny
T
NI
T

— NAK7Z
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CoolMOS™ 650V CFDA

@ Reliability for repetitive hard Topology Example:
> Phase Shift Full Bridge

commutation due to fast body diode
BIC reliability with >40% lower reverse pm—_—— -

recovery charge than competitors ! \ -
0'_' °_¢': A A

@ Ease of use for fast design-in H H—

Low voltage overshoot and high safety margin N /
Low ringing and gate spikes
Good controllability with broad range of R,

-_— em - - - -

> Full bridge LLC

_i
1
il

f
(3) Design flexibility N
|
|

Available in standard TO- and SMD- ) gt
packages in application relevant Rps(on) ol—l o—'p—%g :
classes ' :
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CoolMOS™ CFDA offers highest reliability under hard  (jnfineon

commutation

Customer need — fast recovery

CFDA benefit —lowest Q,,, T,,, I,

1.000 Best
in class
750 r
500
250 r
0
CFD CFDA Comp. S
200 - _ Best
150 in class
100 r
50 r
0
CFD CFDA Comp. S
CFDA is the most robust and fastest 15 - Best
body diode on the market in class -
10 | | G
5 -
0
CFD CFDA Comp. S
2019-06-26 Copyright © Infineon Technologies AG 2019. All rights reserved. Infineon Proprietary



CoolIMOS™ CFDA comes with lowest voltage overshoot (jfineon
and 200 V safety margin

Hard commutation of body diode at >1000 A/us
T=25°C; =20 A; Ry ¢;=5.6 Ohm; U =13 V

e |PWE5R080CFD e Comip.5 434

750 -

700 - 676 V
650 - Risk of de- é —IFX: Vppss, max. =650V

600 - — Comp: Vgpss, max. =600 V struction
550 -
500 -
450 -~ =AW LIV Yo e e
400 -
350 -
300 -
250 -
200 -
150 -
100 -

> _;-___J\—‘—-‘J‘J
0_

VDS [V]

0 100 200 300 400 500
t [ps]
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CoolMOS™ CFDA with very low ringing and gate (iﬁeon
spiking

IPP65R190CFDA Competition S
Uoe _: /\
N
& | . 5
- .- _/IDA0A
HE ;-__i__.T_I__I_I__I_.T_I__I_I__I_.:_I-}_./_f__._ " """ i
VG R S :
ID FA| XF | EORTEITRS CTRY Fope® SEINTIRT) FHORYE o ;
: I
- | B | | £ | 1oy | ..':!m ..... .Hl e . L N !. P P — L A
(EE)mava 80 Aetomt I-m- | [Ty ]::. »;::: W saopaint |E %:m :tx I%m i ooy T R W
4 i 248 acqs. AL-L.OM (8 ) 200vidie M0 Beeon Gt I 360 acan RL:A.0M
Cona 15 Februar, 2011 15:49:29 @mﬂ I Cons 15 Februar, 2011 RLELE ]
F%::. - i
B !
! *V;: 25V as specified in datasheet
v v
CFD2 enables higher ID until device Vgs spec. violation at 30 A

reaches saturation
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CoolMOS™ CFDA lead products for
OBC & DC-DC Application

CoolMOS™ CFDA for resonant switching
-ﬂmm-“HM_ﬂﬂﬁm_ﬁﬁﬂ@ﬂﬂ@ﬂ“.ﬂﬂ-

Gfneon

IPWE5R048CFDA 650 TO-247 Released
IPW6E5R0O80CFDA 650 BD "r‘es TO-247 Released
IPWE5R110CFDA 650 110 Yes TO-247 Released
IPWE5R150CFDA 650 150 Yes TO-247 Released
IPWE5R190CFDA 650 190 Yes TO-247 Released
IPP65R110CFDA 650 110 Yes TO-220 Released
IPPE5R150CFDA 650 150 Yes TO-220 Released
IPPE5R190CFDA 650 190 Yes TO-220 Released
IPPESR310CFDA 650 310 Yes TO-220 Released
IPPESREGOCFDA 650 660 Yes TO-220 Released
IPB65R110CFDA 650 110 Yes TO-263 Released
IPBESR150CFDA 650 150 Yes TO-263 Released
IPBESR190CFDA 650 190 Yes TO-263 Released
IPBESR310CFDA 650 310 Yes TO-263 Released
IPBESREGOCFDA 650 660 Yes TO-263 Released
IPD65R420CFDA 650 420 Yes TO-252 Released
IPDE5RE60CFDA 650 660 Yes TO-252 Released
oooOoDaoon

| Infinean —T 1 | T— Automotive

Device: Series name

p for Power-MOSFET CoolMOS™ CP and CoolMOS™ CFD

Package type: Rigrigeny i1 M1

B for TO263/DPAK

| for TO262/FPAK F Riraoee

I for TO220

W forTO247 Breakdown voltage:

2019-06-26

Copyright © Infineon Technologies AG 2019. All rights reserved.

Viaoss + 10 (60 x 10 = 600 V)

Infineon Proprietary



(infineon

CoolMOS™ 650V CFD7A

CFDA

@ Technology robustness / Twssd
! magnituae reducoon in
v pom

Higher application voltages possible <Lppm -
(at same proven reliability level) Relabiity

@ SMD packages : Volage

400V—475V

D2PAK 7-pin with increased creepage
distance and Kelvin source

QDPAK top-side cooled

@ One part for soft and hard

switching (economies of scale)

Considerable improvement in key :
parameters (higher efficiency) First product

already available
(IPB65R115CFD7A)
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CFD7A enables higher application voltages at (ﬁf{neon
same reliability level”

CFDA

Three orders of
magnitude reduction in

ppm
CFD7A

<1 ppm

Reliability

v

Voltage

CFD7A enables
— considerable FIT rate improvement (at same application voltage) or
— higher application voltages (at same ppm rate) compared to CFDA

*Schematic representation, real-life benefits depend on
individual customer use profile
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CoolMOS™ CFDYA lead products
for OBC & DC-DC Application

(infineon

CoolMOS™ CFD7A for hard and resonant switching

IPW65R115CFD7A

IPW65R099CFD7A

IPW65R075CFD7A

IPW65R050CFD7A

IPW65R035CFD7A

IPW65R022CFD7A

IPBE65R115CFD7A

IPBEG65R0O99CFD7A

IPBE65RO75CFD7A

IPBE65RO50CFD7A

IPB65R115CFD7A

IPB65RO50CFD7A

2019-06-26

650 115 Yes TO-247 (THD)
650 99 Yes TO-247 (THD)
650 75 Yes TO-247 (THD)
650 50 Yes TO-247 (THD)
650 35 Yes TO-247 (THD)
650 22 Yes TO-247 (THD)
650 115 Yes D2PAK 7-pin
650 99 Yes D2PAK 7-pin
650 75 Yes D2PAK 7-pin
650 50 Yes D2PAK 7-pin
650 115 Yes D2PAK 3-pin
650 50 Yes D2PAK 3-pin

Further Rdsons and packages available is coming

Copyright © Infineon Technologies AG 2019. All rights reserved. Infineon Proprietary
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Infineon has the Complete Semiconductor Solution (infineon
All solutions for all Kinds of Implementations for OBCs

-~"""JAUR|X 1st & 2nd Generation

Supply & Communication

OPTIREG™
SBCs AC DC Power Devices
TLE9250xXX
SLT9481 (isoCAN) “ ’
HVICs
AUIRS11xXx CoolMOS™ CED7A*/CEDA/CPA
AUIRS21xXx TRENCHSTOP™ 5 IGBTs

CoolSiCc™

*Under development
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About DCDC in automotive applications

Onboard Charger High Volt

ry Main Switc

Low Volt Battery

ain Inverter

L

‘-.

> Sophisticated discrete devices
enabling the next level of power
density in e-mobility applications
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Trend and typical requirement on DC_DC

Conventional Cars

Energy Transfer

Alternator:

+ Low cost

LW
Supply System
&-16Y
(typ. 14V}

+ Established technology

— Efficiency (mechanical &

electrical)

— Feedback to combustion engine!

— Energy transfer availability

— Weight

(infineon

HV
Supply System

200N -4000
{peak 450V}

Energy Transfer
—=

A

DC/DC-Converter:

+ Weight
+ Efficiency

LY
Supply System

g-18v
{typ. 1417y

+ No feedback on main traction
+ Energy transfer availability

— Cost & Complexity

2019-06-26
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Typical specification on DC_DC

HV Energy Transfer
Supply System M —
200V-400V DC Supply System
(peak 450V)
DC 8-18V
(typ. 14V)
Description _Imin____[typ  max
Input voltage 200V 300V 400V
(450V peak)

Output voltage 8V 14V 16-18V
Output current 200A
Power transfer 400-800W  3kWwW
Switching frequency 100kHz
Efficiency 0% >90%

Isolation hasic
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Topology (infineon

- Function principle of ZVT PSFB

A) B)

’
[
'

L]
L]

LY
-
L]
.
]
»
L]
1]
L]
L}

-ad

il -
L ’
S Lot SRS '
T I
- : —II—
- c Lleak ']
L] -

(5]
secceis

e -
Nl
I
4]
il
LH

[
(]
[
L]
L]
]
]
(]
L]
L]
L]
L}
L]
]
L]
L]
W
[l
-

Chw

L]
L]
L]
L]
L]
L}
.

-
. N
v
[ ] 1]
LI ]
L ]
[ ]
5 |
T 1]
- Q -
Senane ”?(....
1
(4]
I
..->|| )
-
L ]
1 ]
.
L]
1 ]
1 ]
L]
1 ]
L]
L]
.-I.
: ‘\‘l :
' L]
[ ]
[ ]
a
- L ]
A ¢
LI ]
L] 1]
: -
.
L]
1]
[
Yeeomm IIQ(..-.-
I

L]
S
- JQ-
L]
%]
8
ot

cenead Il eneaa

C) , A: Energy Transfer (half cycle positive)

B: Right Leg Transition (during dead time)
C: Free Wheeling (half cycle)

D: Left Leg Transition (during dead time)

E (similar to A): Energy Transfer (half cycle negative)
F (similar to B): Right Leg Transition (during dead time)
G (similar to C): Fres ng (half cyc

IIg

H (similar to D): Left Leg Transition (during dead time)

A: Energy Transfer (half cycle positive)

- R
] L
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Block Diagram of HV-LV DCDC

Power
Switches

Driver

MCU

2019-06-26

IPB65RO99ICFD7A /IPW65R080CFDA

+12V

AIKW40NG65DF5 IAUT300N10S5N015 * 8 (KL30)

32.bit 6t} AURIX™
Mulicore TC23x
MCU AUT@SAR (CN™

In HV side : 650V discrete devices is suggested
In LV sides : 80V/100V TOLL & TOLG is available

Copyright © Infineon Technologies AG 2019. All rights reserved.

el
SIL

Safety

Supply
TLF35584

CAN
TLE925x
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SMALL SIGNAL and P-Channel MOSFETs Cinfineon
Naming System

3 digits product identifier
(meaning dependent
on product generation)

BS 0oo @@@@4\‘ 0L s
!

ADDITIONAL
FEATURES
J 1] E| ESD protected
7
PRESENT ONLY IN THE FOLLOWING CASE: MOSFET

S SINGLE (only for packages which are
also used for multichip products)

HOW CAN | RECOGNIZE IF A PART IS A SINGLE OR A MULTICHIP PRODUCT?

TSOP-6 and SOT-363 can be single or multichip products.
If they are used for single products then “J,"=S (ex. BSL207SP)
If they are used for multichip products then “J;" is not present (ex. BSD235N).

IS IT POSSIBLE TO CONFUSE SOT-23, SOT-89, SOT-323 BECAUSE THEY HAVE THE SAME “X"?
No.

SOT-89 is an exposed-pad package, the other two not.

SOT-323 has in addition “J,"=W, while the SOT-23 does not.
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N-Channel

2019-06-26

MOSFETSs

o | tpdY | R o G | vewwe e |
[ma1] [al | tmin-max) V] [nc]
BSRIOIN n" 180 |  o70..120 SED OpEEMOS™2 SC59
BSLI0ISH b2 | 750 | o710 .13 LED OptMOs™2 TSOP-6/%
BSREOZN P | 170 030 ... 075 470 OpUMOS™2 SC58
BES205N s0" | 250 | apo..imm 200 OptIMOS™2 S0T23
BSLROEN 5. 2130 1 0D .. 0TS Lo DpIENOs™32 TS -6 dual
S SHORN s | 2.30 | omw._.a7s Lo OpIMGOS™2 S0T23
BSS21AN LA 150 | 0.70... 130 0,80 OpHMOS™2 50723
BSS21ANW 140" | L50 [ o010 [ opiMos™ | soTI2l
BSDZLASN 140 1.50 |  oTe..12e 080 OpUMOS™2 SOTI63
BESHIENW 160" | 140 | 030 0TS 060 DplMOE™2 501323
BS0E RSN 160* | 140 | 0.30 ... 0.95 0.60 OpIIMOS™2 507163
BSOIIEH et | [T |  o7o..130 032 OpUMOS™2 SOT363 dual
BSOEA0M A00Y 0_ER | [N 026 DpIIMOS™2 SO0 363 dual
BSSI0EN 57 | 230 | 130 .. 100 LS50 OpIEMOS™? S0T23
BSSILEN ] | L40 |  130..200 0,60 OpUMOS™? SOT23
BSOA1ESH 160 [ 140 | 120..200 6l OpUMOS™2 SOT361
BSS6T052L 650 054 130 ... 100 LT0 OplIMOS™ S0T23
ASSEOGN [ | 120 | 1w...23 aTe CpIEMOSE™1 SOTHS
(LR A ] &0 4.50 | 130 ... 230 LTe 'DPI'IHJS*'] TSR b
BSPIIES Bo | 2.60 |  1a0..200 14.00 SIPMOS™ SOT233
BSPIIS 1 .90 200 ... 4.00 e SIPMOS™ SOT2E1
ASPI95 00 | 180 | om0 1se 14.00 SIPMOS™ SOT273
INTO0Z W WU 030 1.50...2.5%0 0.40 OpliMOSs™ 507363 dual
B55135N 1500 | or | os0..140 SIPFMOS™ S07T21
B5S1I8W 00 | [+ 060 ... 14D 1.00 SIPMOS™ s01223
S8 DOIN S000 | (¥ | om0 1se 100 S MOE™ 0723
S5 7T 28N S0 | 0.20 | 130..230 100 SHPMO5™ S0T23
SNTODIW H000 | [¥:] |  os0..Ls0 Lo SIPMOS™ S0T173
BSPFYIFN F10 | 180 | 0sD ... 8D .50 OpliMDs™ SOT1F
WSPIIN 240 | 180 | 200.. 400 620 OplIMOS™ £0T223
BN 600 | 1.20 | omo..1se 450 OptIMOs™ 501223
BS5123N OO0 | o1s | omo..Lse 060 DptiMOs™ 0773
BSS119M [ | 0.19 |  130..230 0.60 OplIMOS™ 0723
[l [ | .66 | os0..1s0 12.90 SiPMOS™ s01221
ASPES Lt | 035 | OURD ... 1L8D A3 SiPMOS™ SOTI33
BsPEE EO00 | oIS | osD... Le0 A50 S MOE™ 20723
BSSET [l ] e | 08D ... .80 ATe SiFMO5™ S0TaES
BSS131 14,000 I a1l | oso..1se 210 SHMOS™ sO0T23
B5P798 000 | 050 | 210..400 - SIPMOS™ 501723
BSPI0A 75,000 | alr | 1.30.._ 230 A0 SIFMOS™ 5071771
B3PI99 A | .40 210 ... 400 b SiPM0s™ S0T721
Bse12s o000 | aize | 1m._2% 440 seMos= | soran
B55225 A5,000 | 0.090 130...230 190 SIPMOS™ sOTHm
BSS1IT s0000 | 0021 | 140260 L40 SIPMOS™ 50173
B5P300 20,000 0150 2.00 ... 400 - SIPMOS™ SOT#23

Copyright © Infineon Technologies AG 2019. All rights reserved.
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P-Channel MOSFETs

Voltage | Product name I ¥

i
|myie-max) [v]

BSLIOTSP 418 600 L3 .. OUED

1130 OplMOS™ P TSOP-6/E
BSL2115P 61 ) 120 080 amn OpMOS™ P TSO0P-6/6
BSLITSP 150" 1.50 -1 .. 0UED 155 OplIMOs™ P2 T50P-646 dual
S BSS215P 1507 -L.58 -1.20 ... 050 -160 OpliMOs™ P2 S0123
BEVZIESP 175" 150 120.. 080 | 180 OplMOs= P SOT363
[ ey 53 120,080 | 100 OpiMOS=F s0Ta23
BSSI2IPW 1.200% om | 120..080 | 050 OpIMOS=F s0T323
HSD223P 1,200 43 | 12008 050 OptMOs™ P S0T363
BSLIBTER 4 5.50 | 280..-100 7140 OpliMas™ P TSE-66 dual
BSLIOPE %0 2900 200...-100 500 w;;.w TSOP 676 dual
e
o BSSI08PE 80 200 | 200100 500 W"“:s:m"‘m sa123
PSSIIAPE 140 150 200100 290 %";:'“ s0123
BSDI1ASPE 140 150 200... 1.00 290 “""’::ﬂ""” S0T363
BS5315P 150 150 200...-1.00 230 OptIMOS™ P2 50123
BSP11P 130 290 A%0... 210 72.00 SIPMOS™ s01221
Bsel 0P 00 190 400...2.10 1000 SIPMOS™ 501221
BsP171P 100 190 200...-100 1100 Mo 501221
o BsPILse oo -L17 | as0..100 | £30 sIPMOs™ s01221
ASEA1AP KOG L) | 100, . 100 | 4109 SiPMOS™ SCH8
BSSHIP 2000 45 | 280,100 238 SIPMOS™ S0124
BSSHAF HE aar | 280 ... -1.00 10D SIPMOS™ S0T23
BhSRAPW Ll 1% -.80 ... -1.00 -1.og SiPMOs™ S0T321
REPAIIP R 1L.og | 200 ... 100 1140 SIPMOs™ S0
o BSPI21P 900 '™ A00... 210 .00 SPMOS™ 501223
BSPILEP 1R0O 068 200 ... -1.00 510 LirMOs™ S01223
BSRLLE 1800 0.6 | 200100 | 100 SIPMOS™ 060
BARIIP 11 o.04 | 200 ... 1.0 1L SiPMOSs™ SCH8
. BsPRP 2 036 200100 4% SPMOs™ s0122
iy Bss1979 12 o1 | 200100 an SIPMOS™ S0TH
BSPIITP 4000 oAl 200100 1160 SEMOS™ s01223
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Complementary and Depletion MOSFETs

2019-06-26

Complementary MOSFETs

ne-;_ "TI:.- — Technalogy Package!
= 10
[ma] |

20V BSL215C/n-ch 1407 150 | o120 013 OpUMOS™2 | TSOP-&/6
oy B 1507 150 | .. 0@ 200 OpUMOS=F2 | TSOP &/6
BSDRISC/mch | e 095 120 0.60 0 OpIMOS™ SoTIEY
% BSD2ISC/p ch 1200 53 | em..120 o4 OpiMOS=F2 | SOT3EI
20V BET ISDCEXKDA-ch LLA L9 [ 08 .. L8 218 OpIM05™=2 TSOSON-8
20v BSZ1SDCO2ND/p-ch 150" a0 | 14e..am 100 OpUMOS=F2 | TSDSON-8
0V BSLIL6C N ch 160 140 120 ...2.00 0.60 OIMOS™) TS0P &6
0V BS1316¢/p-ch 150 150 | 2.00... 100 240 OpUMOS=F2 | TSOP &6
oy B51 R0 in <h 51 1m L. . 2100 150 OpliMOS=2 150G
0V BSLI08C/p-ch » 200 | 200..100 500 OMOS=P1 | TSOP-&/6

Depletion MOSFETS

R gy (M) W Q. (typl Technology | Package
BV, 10V
[ma1] [a] L4
] B%159N | | 0. .20

#,000 SIPMOS™ | sOT23
BSS1E8 I 12,008 alre Lo S MOs™ _l S0121
—- J 0850 1100 SO E so12)
RSP I 5,000 L& .2 im0 SIPMOS™ | S0T2
B55119 30,000 o100 7.30 SIPMOL™ S0123
BSP17 ] 14,000 a0 o semos= | sonn
BSF1ES | 0,000 | ol iro SieMOs™ B tFFE]
Bss126 ] 100,000 azl 140 spMos™ | 501
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Agenda

Driving Force of EV Charging
DC EV Charging Solution
OBC and DC/DC Solution for EV

Summary

2019-06-26 Copyright © Infineon Technologies AG 2019. All rights reserved. Infineon Proprietary



Choose Infineon to solve your EV charging design (ﬁﬁneon
reguirements

System
Complete expertise
offering
Unmatched
scale

Benefit from optimal system
solution at reduced effort to put
your EV charging design on the road

2019-06-26 Copyright © Infineon Technologies AG 2019. All rights reserved. Infineon Proprietary % J'F



Infineon

i

Learn more about EV charging and support material

Collaterals and
Brochures

Technical Material

Evaluation Boards

Videos

2019-06-26

VvV VvV VvV VvV Vv

VvV VvV VvV VvV Vv

Product briefs
Selection guides
Application brochures
Presentations

Press releases

Application notes
Technical articles
Simulation models
Datasheets, MCDS Files
PCB Design Data

Evaluation boards
Demoboards
Reference designs

Technical videos
Product videos

Copyright © Infineon Technologies AG 2019. All rights reserved.
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CoolMOS™ pP7
CoolMOS™ CFD7Y
CoolMOS™ CFDA
CoolSiC™
TRENCHSTOP™ 5
Easy

EconoPACK™ 2 & 3
EconoPACK™ 4
EiceDRIVER™

XMC™ - Industrial Microcontroller
AURIX™ - Microcontroller
OPTIGA™ Trust B

OPTIGA™ TPM 2.0

www.infineon.com/evaluationboards

DC EV charger - The future of electric mobility

Charging solutions for the future of e-mobility
CoolMOS™ P7 series
CoolMOS™ CFDA series

Infineon Proprietary


http://www.infineon.com/evaluationboards
http://www.infineon.com/p7
http://www.infineon.com/cfd7
https://www.infineon.com/cms/en/product/power/mosfet/20v-800v-automotive-mosfet/600v-800v-n-channel-automotive-mosfet/
http://www.infineon.com/coolsic
https://www.infineon.com/cms/en/product/power/igbt/igbt-discretes/trenchstop-5/
https://www.infineon.com/cms/en/product/power/igbt/igbt-modules/easy/?redirId=64259
https://www.infineon.com/cms/en/product/power/igbt/igbt-modules/econo/econopack-2-3/
https://www.infineon.com/cms/en/product/power/igbt/igbt-modules/econo/econopack-4/
http://www.infneon.com/eicedriver
https://www.infineon.com/cms/en/product/power/igbt/igbt-modules/easy/?redirId=64259
https://www.infineon.com/cms/de/product/microcontroller/32-bit-tricore-tm-microcontroller/aurix-tm-family/aurix-tm-family-%E2%80%93-tc21xl/channel.html?channel=db3a304342c787030142dba0cbcb1419
https://www.infineon.com/cms/en/product/security-smart-card-solutions/optiga-embedded-security-solutions/optiga-trust/optiga-trust-b-sle-95250/
https://www.infineon.com/cms/en/product/security-smart-card-solutions/optiga-embedded-security-solutions/optiga-tpm/slb-9670xq2.0/
https://www.infineon.com/cms/en/about-infineon/videos/?redirId=45477&__migu=https://media-infineon.movingimage.com/en/video/1226667
https://www.edge-cdn.net/index.php?ct=1353&vid=1236685
https://www.edge-cdn.net/index.php?ct=1353&vid=1183489
https://www.infineon.com/cms/en/about-infineon/videos/?videoid=157732

Part of your life. Part of tomorrow. (infineon
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