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OPTIREG™ application comg




Learning objectives

Know Infineon’s OPTIREG™ power
supply solutions

How OPTIREG™ can be used in
almost all automotive applications

Why OPTIREG™ products stand out
from other solutions in the market

(infineon

OPTIREG™
EEEE

O = OPTIREG™ ,!j

Switcher :.

OPTIREG™

;?\ - 4-:%‘ gad 1!




OPTIREG™ OPTIREG™
BEEE AENRENER

Actuators

> [ OPTIREG™ 1<
CAN

LIN

Ethernet [~ Networking
LVDS
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Infineon’s benchmark automotive quality

8 r 0,9

0,7

0.35 ppm
R & / Microcontrollers

0,6

Failure Rate 0,5

[wdd] sjes a1njiey

Shipped volume [billion]

0.02 ppm

o ' IVN transceivers

2011 2012 2013 2014 2015 2016 2017 2018

Fiscal Year [Oct-Sep]

@ Near-zero defect rate O 03

@ Growing volume capability OPTIREG™ voltage regulators
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Infineon’s benchmark automotive quality

Failure rate

\ Consumer

Automotive standard (AEC) Top regional CUStOmer
85 Infineon Automotive Se rVi CeS
ppb |
| Lifetime
AEC Q100/101 Expert quality analysis and

support close to the customer
Highly engineered products to target zero defects
15+ years of product lifetime
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OPTIREG™ Linear (infineon

OPTIREG™

. — inna
@ Low quiescent current . A e ;

@ Integrated protection features

, High Performance ||
: S . , r
@ High power supply rejection ratio ~3

A General Purpose | |

@ VIR ETELL [P : Voltage Trackers @

Application Specific ((‘T)'

Power Connected Car

distribution

Body power
operated

Car lighting

Y

Ed Ld
t.
*

o)

N Application Specific (24 V) @

Post Regulators

g
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OPTIREG™ Switcher Cinfineon

OPTIREG™

4

D ' 7 Buck converter
@ Monitoring features . (integrated power stage)

Switcher

@ Wide input voltage range (12 V, 24V, 48 V)

@ Spread spectrum features

Buck converter

@ Wide junction temperature (150°C)
(external power stage)

Boost controller
(external power stage)

Body power Power
operated distribution
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OPTIREG™ PMIC Cinfineon

OPTIREG™
[TTTIIT

@ ) Highly integrated architectures 7 — Safe computing

Q ) 1SO 26262-compliant (from QM to ASIL D)

papnannn
o
=
(]
[LLLILLL]

Q ) AURIX™ and multi-rail voltage supply

N

(Q//) System safety functions \ Safe control [BE
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Select an application to know how OPTIREG™ can —
(afineon

address different needs




Multi-purpose camera Tﬁ—fi}leon_

+12 V from Battery |
'
ADAS PMIC with

Advanced Driver-Assistance System Safety
Watchdog
Q on
. Number Cruncher
Transceiver
A e.g. for
. . . Pedestrian
Monitoring Warning FlexRay 32-bit Detection

Multicore

Transceiver .
Microcontroller

i 0 f ; Automotive
o 0 Ethernet : High Dynamic

Transceiver ;| Range Camera

Braking Steering

Small and effective thermal
management solution required
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Multi-purpose camera Tﬁfﬂleon_

+12 V from Battery
'

PMIC with
Safety
Watchdog

TLS4120

------ Multiple power rails
CAN

TLS4125 [::::] Transceiver Nur"r‘ll:;e;(:f::-ncher
Pedestrian
EIT 32-bit Detection
J 2 - 2.5 A output current capability Transceiver i Multicore
icrocontroller |RSEREEEEEREERERSSRR :
: Automotive
J Integrated power stages Ethernet i | High Dynamic

Transceiver ;| Range Camera

J Fully synchronous

J Minimum external components required

J Highly efficient
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Multi-purpose camera (Infineon
+12 V from Battery
-

Functional safety (FuSa) PHIC it

ASIL D required N Watchdog__J|

CAN

. Number Cruncher
Transceiver

e.g. for
Pedestrian
32-bit Detection
Multicore
Microcontroller

OPTIREG™

-4

FlexRay
........................................................................ Transceiver

FuSa master TLF35584

Automotive

Ethernet : High Dynamic
Transceiver , | Range Camera

AURIX™ can only reach its full FuSa
potential if its safety integrity is
externally checked and monitored
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Multi-purpose camera (Infineon
+12 V from Battery

FuSa features and & h
PMIC wit
TLF35584 =R biliti Safety
capabilities Watchdog
CAN
: : Transceiver Number Cruncher
J Under and overvoltage monitoring e.g. for

Pedestrian
32-bit Detection
Multicore
Microcontroller | EESIERESSRS :

FlexRay
Transceiver

/ Software execution supervision and clock
error monitoring

: Automotive
Ethernet . | High Dynamic
J Safe State Controller Transceiver : Range Camera

/ Built-In Self-Test (BIST)

J Adjustable to different system requirements
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Multi-purpose camera (Infineon
+12 V from Battery

FuSa features and ~ h
opTiREG™ PMIC wit
TLF35584 rric] oM bl q Safety
capapilities Watchdog
o o CAN
g Small leadless package with lead-tip Transceiver Number Cruncher
o 0 oMo e.g. for
inspection capability Pedestrian
Sty 32—.bit Detection
J Reduced number of external components Transceiver Multicore
Microcontroller | EESIERESSRS :
. . . i | Automotive
J High switching frequency Ethernet ! | High Dynamic

Transceiver ;| Range Camera

/ 150 26262-compliant

«/ FuSadocumentation available More info on:
Click to Infineon’s multi-purpose camera webpage
RETURN =

— IR
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http://www.infineon.com/multi-purpose-camera-configuration

Seat control Tﬁ—fi}leon_

- \

ﬁ ZE E: :_®- Seat movement :
e H Seat height:

E' Seat length;

H : Seat width!

) e H Seatangle!

........ i Back glr:i

Important role in user experience and car o ] e emdresangle]
. . . E,!’.".’}l,.".’,l’ -: E Lumbarsuppc'rti

brand differentiation —_— gi ; " e,

CAN H Half-Bridge e “f"’_“"" ns;

Transceiver 32-bit E A Seat heater!

Multicore SErrIsIIIIIIIIzIiIas E E

: saC Microcontroller
High-Side Massage

Comparable complexity and challenges i Cooing ors:
to body control modules ’ ‘

Low quiescent current, small size and
very low power dissipation required

Position
Sensor

Copyright © Infineon Technologies AG 2020. All rights reserved.



Seat control (Tﬁfﬂleon

: _®_ Seat movement:
te H Seat height
Multi MOSFET i H Seat length
Driver : : : Seat width

0 H Seatangle:

Back angle :
Headrest position }

Low quiescent current

LIN Bus H
-+ Transceiver : Headrest angle}
! N

H Lumbar support }
] Single A Massage
" o . H
CAN Bus CAN H  Half-Bridge Coolingfans!
— 32-bi : Seat heater}
Transceiver 32-bit ; eat heater
Multicore

SBC Microcontroller

Massagei

Cooling fans!
Seat heateri

nnnnn

LR B High efficiency and various

Position Temp.
Sensor Sensor

[k hl) e voltage/current ranges

uuuuu

TLS4125x More info on:

Clickto """ Infineon’s seat control webpage
RETURN
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https://www.infineon.com/cms/en/applications/automotive/body-electronics-and-lighting/seat-control/

Automatic transmission
Hydraulic control (infineon
+u\mﬂ—T

PMIC with
Safety Watchdog

({@ Automatic transmission

CAN

@)} ASIL D required
/ Transceiver ‘ Multicore Driver Solenoids
Accurate sensor data is critical O - R

Low-side
Driver

Variable Force
Solenoid
Proportional Valve

FlexRay Constant Current
Transceiver Control

Variable Force
Constant current Solenoid
Control Proportional Valve
H Input shaft Output Shaft

3D Hall

Speed Speed Switch
Temperature

Sensor

Risks of sensors connected to ECU by cable:

A\ Shortto battery » Tracker overvoltage

Tap-Up/
Tap-Down
Switches

' Gearstick
H  Switches

A\ Shorttoground P Tracker overload

A\ Reverse polarity P Tracker negative voltage
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Automatic transmission
Hydraulic control

(infineon

+12V from Battery

Sensor PMIC with
Supply Safety Watchdog

CAN
Transceiver
LIN
Transceiver

TLS105 (3
TLS115 [
TLE425x B3

Low-side
Driver

High-side
Driver
Low-side ON/OFF
Driver Solenoids

Variable Force
Solenoid
Proportional Valve

Protection against shorts
and reverse polarity events

32-bit
Multicore
Microcontroller

Constant Current
Control

Power management features
for AURIX™ microcontroller

FlexRay
Transceiver

TLF35584 =3

Variable Force
Constant current Solenoid
Control Proportional Valve

/ Small leadless package with lead-tip
. . oo Input shaft Output Shaft 3D Hall
inspection capability Speed
J Reduced number of external components | o ] swicres | il

More info on:

cikre &/ High switching frequency Infineon’s automatic transmission webpage
RETURN e

— "IR
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http://www.infineon.com/hydrauliccontrol-at

Body control module

Car lighting

Q=

Car security

Window lift

Power Seat HVAC blower

S

infineon

+12V from battery

Single & Multichannel
High-Side Switches

LIN Multichannel

Transceiver

CAN
Transceiver

Switch

32-bit
Multicore
Microcontroller

Ethernet i \gh.-Slde
PHY/ Switch Switch

Single
Half-Bridge

High-Side
Switch

RKE / PKE [ TPMS
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Body control module Tﬁfﬂleon_

TLS810x &3
TLS820x [
TLS850x [

+12V from battery

L~ o

Single & Multichannel
Supply High-Side Switches
LIN

Transceiver

Low quiescent current

Low-Side
Switch

32-bit
Multicore

High current, integration Microcontollr
and efficiency

High-Side
Switch

Single
Half-Bridge

TLS820x [&
TLS850x &

High-Side
Switch

Complex Watchdog (optional)

More info on:

Fca:gb;% TLF35584 High safety level Infineon’s BCM webpage

. : 'R
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http://www.infineon.com/bcm

Gateway

4 Processing power

4 Data throughput

Safety and security
requirements

Space constraints
limit form factor

al

i
Performance

=

ﬁ

PCB size

Flexible power supply
solution required

Powertrain
Safety
Comfort
Infotainment

Smart Sensors
Smart Actuators
Comfort Sub - Bus

Chassis
Control
ADAS, OBD

Telematics

(infineon

+12V from Battery
“_

' Supply )

N )

———
CAN
Transceiver

CAN

Transceiver 32-bit

Multicore

Microcontroller
LIN
Transceiver
FlexRay E
E M Od - le E TP M
Ethernet Central OTA
PHY,/Switch Storage
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Gateway Tﬁfﬂleon _

Click to
RETURN

TLSS8xx £
TLS71x &3

+12V from Battery
“_

' Supply )
™ ]

Low quiescent current "
iR Transceiver
Comfort

Infotainment
CAN
Smart Sensors Transceiver
Smart Actuators
Comfort Sub - Bus
LIN
Ch i
. assis
Complex Watchdog (optional) Control SR :
FlexRay ; ]
Tranceiver :
apAas, 080 HEEEEE :
’ i 3
PEE::,:' ".':th Contral OTA
Telematics fawite Storage

High integration More info on:

32-bit
Multicore
Microcontroller

TLF35584
TLF30682

Infineon’s gateway webpage

‘1
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http://www.infineon.com/cms/en/applications/automotive/body-electronics-and-lighting/gateway/

LED front light

 Differentiating car brand factor

s/ Important in safety, reliability, energy
efficiency and user experience

J Increasing complexity with additional
features

Flexible and efficient power supply
solution required

+12V from Battery

LIN-LDO

SBC
(integrated solution)

LIN :
' Transceiver :

(infineon

H
LED DC-DC High Beam
Controller [ Low Beam
Sl L
LED DC-DC —H—H- Daytime running light
Controll Position light
LED DC-DC b
Controller H

Copyright © Infineon Technologies AG 2020. All rights reserved.



LED front light Tﬁfﬁleon_

+12V from Battery

.................

L High Beam
. | . i Low Beam

| LIN 3 =
: Transceiver & " Davtime running li
: : _ - aytime running light
: : r tion
;
i

Low quiescent current

Position light

LIN-LDO

SBC
(integrated solution)

TLF35584 &
TLF30682 &

High safety and diagnostic
features

More info on:

Click to Infineon’s LED front lighting webpage
RETURN XA

‘,,R
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http://www.infineon.com/automotive-lighting

Electric Power Steering Tﬁ—fi}leon_

+12V from Battery

Functional safety (FuSa) Py
. PMIC with : i ;
ASIL D required |

FlexRay ] : :

Transceiver ' i

' CE oy W 6y M
CAN . 3Phase [ .

Transceiver Microcontroller X

Driver IC

OPTIREG™

FuSa master Optimal solution to
power AURIX™

Torq ue Angle Rotor Position
Sensar Sensor Sensor

AURIX™ can only reach its full FuSa potential if its
safety integrity is externally checked and monitored

Copyright © Infineon Technologies AG 2020. All rights reserved.



Electric Power Steering Tﬁ—fi}leon_

+12V from Battery

TLF35584 = FuSa features and capabilities —
PMIC wit : i :

FlexRay ] : :
Transceiver ' i
' CE oy W 6y M
CAN . 3Phase [ .
Transceiver Microcontroller X
Driver IC

J Under and overvoltage monitoring

/ Software execution supervision and clock error
monitoring

J Safe state controller

Rotor Position
Sensor

Torque Angle
Sensor Sensor

/ Built-In Self-Test (BIST)

J Adjustable to different system requirements

Copyright © Infineon Technologies AG 2020. All rights reserved.



Electric Power Steering Tﬁ—fi}leon_

+12V from Battery

TLF35584 &=H- FuSa features and capabilities [
PMIC wit i i i

' FlexRa beuseerreoase e E
«/ Power supply to the entire system T

N . 3 Phase
Transceiver Microcontroller X
Driver IC

= Microcontroller
Standby domain, microcontroller main supply and
ADC supply through the reference LDO

L Tra nscelve rS Rotor Position

Communication LDO for CAN and FlexRay™ _ ..... R Wi

Sensor

- Sensors
Redundant sensors can be supplied by two

independent trackers that are protected against
short to battery

Copyright © Infineon Technologies AG 2020. All rights reserved.



Electric Power Steering Tﬁ—fi}leon_

+12V from Battery

TLF35584 &=H- FuSa features and capabilities [
PMIC wit i i i

FlexRay ] : :
Transceiver ' i
' CE oy W 6y M
CAN . 3Phase [ .
Transceiver Microcontroller X
Driver IC

s/ Small leadless package with lead-tip inspection
capability

«/ Reduced number of external components

«/ High switching frequency

Torque Angle Rotor Position
 1s026262-compliant Wl l____}

J FuSa documentation available

J Easy implementation

Copyright © Infineon Technologies AG 2020. All rights reserved.



Electric Power Steering Tﬁfﬂleon_

+12V from Battery

TLF35584 &0 FuSa features and capabilities ]
PMIC wit : i :

E i

S

FlexRay ] : :
Transceiver ' i
. R oy ny W8
CAN . 3Phase [ .
Transceiver Microcontroller X
Driver IC

The same use concept applies to other applications

+. =

E" Phase disconnect “:

N J\ /

Sensor Sensor Sensor : \ M )
Fail Electric brake Electric -
operational booster parking brake More info on:
EPS
Click to Infineon’s EPS webpage,

RETURN

g "IR
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http://www.infineon.com/eps

Electric Power Steering S— Tﬁﬁneon
Primary +12V romﬁery ‘ .

...........................

PMIC with

Safety Watchdog
NS i
FuSa featu res and FIexRay ..........

Transceiver Microcontroller

CAN [ Phiased isconnect

Transceiver

Fa I l i Transcéiuer

. i CAN 3
operational [ rranscener fucoconoter] 3 Phase
nver .

E P S Flex Ray

Transceiver

More info on:
PMIC with
Safety Watchdog

..........................

Infineon’s fail-operational EPS webpage

Secondary +12V from Battery

AV
'
-

7,
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http://www.infineon.com/cms/en/applications/automotive/chassis-safety-and-adas/fail-operational-electric-power-steering/

Electric Power Steering (Tﬁfﬂleon

FuSa features and . .
capabilities

TLF35584

+12V from Battery l

<>

-+

CAN
Transceiver
32-bit
Multicore

E leCt ri C b ra ke Microcontroller

booster Transceiver

3-Phase
Driver IC

Rotor Position

Break Pedal Sensor Sensor
Hydraulic Pressure

More info on:

Infineon’s electric brake booster webpage
A3
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http://www.infineon.com/brake-booster

Electric Power Steering

FuSa features and

NERSSSSS capabilities

Lo

Electric
parking brake

More info on:

Infineon’s electric parking brake webpage,

o _
(Infineon
+12V from Battery

—

PMIC with
Safety Watchdeg

Vehicle Stability CAN

Contral ECU Transceiver 32-bit
; . Multicore
Microcontroller

Hall
Switch

LIN
Transceiver

SBC
({opticnal)

Apply/Release
Switch
-n"""‘ﬁ-

— e
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http://www.infineon.com/cms/en/applications/automotive/chassis-safety-and-adas/electric-parking-break/

Power distribution box

@

Power distribution box
evolving to a body control
module or ECU

B

Relays and fuses replaced
with semiconductors

z

New functions integrated
(power supply included)

- ymmmmm e start/stop function, e.g:
¢ > Multicore : ' A .
Transceiver Microcontroller High-Side v pumps & heaters
N M .
— Switch [ S

SBC
(optional integrated) High-Side
Switch

(infineon

+12V from battery

/disconnect,

icde,

ect/disconnect
High-Side

LIN Switch

Transceiver

—_— . R
LIN-LDO High-Side : i@i
- Switch : | Dynamic and frequent load

32-bit o switching cycles, dueto

Copyright © Infineon Technologies AG 2020. All rights reserved.



Power distribution box Tﬁfﬂleon_

+12V from battery

Battery col idisconnect,

' ] e
5 M 00 Ttrmmrommeeeemmeeeeeees active dicde,
T Lssxx o ; ' high current connect/disconnect
inear : ' T ect)

High-Side
TLST1x LNBus [ Switeh
; «—r B Transceiver
Low quiescent current A High-ide o )
b - Switch :

32-bit B
Multicore i
Microcontroller

Dynamic and frequent load
switching cycles, due to
————— . start/stop function, e.g:

High-Side : : pumps & heaters

Switch

Transceiver

SBC
(optional integrated) High-Side
Switch

TLF50281

TLF35584 EN High safety and
diagnostic features

More info on:

Click to
RETURN

Infineon’s power distribution box webpage

——a "IR
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http://www.infineon.com/powerdistribution

HVAC control module (Tﬁfﬂleon

+12V from Battery

Multichannel
High-Side/Low-Side
Switch

Multi
Half-Bridge

TLS810x L::m LIN Bus

Single
Half-Bridge

Low quiescent current

CAN Bus Microcontroller
<+

Transceiver

SBC

High current, efficiency
and integration

Hall Switch
3D Hall
Angle Sensor

More info on:

Click to Infineon’s HVAC webpage
RETURN e
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http://www.infineon.com/hvac

Find out more

OPTIREG™
nEmm

@ High Performance
@ General Purpose
Voltage Trackers
@ Application Specific

Application Specific (24 V)

Post Regulators

OPTIREG™

Buck converter
(integrated power stage)

Buck converter
(external power stage)

Boost controller
(external power stage)

Safe computing

Safe control
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ww.infineon.com/OPTIREG
http://www.infineon.com/voltage-regulator
http://www.infineon.com/optireg-switcher
http://www.infineon.com/optireg-pmic

(infineon

Disclaimer

Infineon Technologies hereby disclaims any and all warranties and liabilities of any
kind (including without limitation warranties of non-infringement of intellectual
property rights of any third party) with respect to any and all information given in
this training material.
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Part of your life. Part of tomorrow.



