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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Active

TriCore™

32-Bit Single-Core
200MHz

CANbus, FlexRay, LINbus, QSPI
DMA, WDT

78

2MB (2M x 8)

FLASH

128K x 8

192K x 8

3.3V

A/D 24x12b

External

-40°C ~ 125°C (TA)
Surface Mount
100-TQFP Exposed Pad
PG-TQFP-100-23

https://www.e-xfl.com/product-detail/infineon-technologies/tc233Ip32f200nackxumal
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Evolution of TriCore™ generations

In 1999, Infineon launched the first generation of the AUDO
(AUtomotive unifieD processOr) family. Based on a unified
RISC/MCU/DSP processor core, this 32-bit TriCore™ micro-
controller was a computational power horse. And the
company has evolved and optimized the concept ever since
- culminating in what is now the fifth TriCore™ generation.

AUDO NG
(Next generation)

AUDO future

The TriCore™ success story continues with the introduc-
tion of the AURIX™ multicore family. AURIX™ combines
easy-to-use functional safety support, a strong increase
in performance and a future-proven security solutionin a
highly scalable product family.

AUDO MAX AURIX™

With its high real-time performance, embedded safety and
security features, the TriCore™ family is the ideal platform
for a wide range of automotive applications such as the
control of combustion engines, electrical and hybrid vehi-
cles, transmission control units, chassis domains, braking
systems, electric power steering systems, airbags and
advanced driver assistance systems. TriCore™-based prod-
ucts also deliver the versatility required for the industrial
sector, excelling in optimized motor control applications
and signal processing. Infineon’s broad product portfolio
allows engineers to choose from a wide range of memories,
peripheral sets, frequencies, temperatures and packaging
options. And all this with a high degree of compatibility
across generations.

The new AURIX™ family members are manufactured in a
65nm embedded Flash technology designed for ultimate
reliability in harsh automotive environments. Furthermore,
the dual frontend concept ensures continuous supply.

As was the case with previous generations, safety software
is also available to help manufacturers meet SIL/ ASIL safe-
ty standards, as well as AUTOSAR libraries which Infineon
has been developing since 2005.



PRO-SIL™

PRO.
SIL

Infineon’s PRO-SIL™ program, designed to protect

The functional complexity and levels of integration of
real-time safety-critical applications continue to increase
exponentially. In addition, the product life cycle of these
applications has to meet stringent safety standards. Norms
such as IEC 61508 and ISO 26262 mandate more robust
and comprehensive product development processes and
functional safety concepts in automotive and industrial
applications.

Infineon’s PRO-SIL™ safety program is designed to ease
and speed up your automotive and industrial design to
comply with such standards. Across the full certification
spectrum from Safety Integrity Levels (SIL) 1 to 4 and
Automotive Safety Integrity Levels (ASIL) A to D, our end-
to-end PRO-SIL™ approach will help you select the right
hardware, software and functional safety concepts to meet
your design and compliance needs.

Scalability
Enables system design in line with
different IEC 61508 and 1SO 26262 ASIL

High diagnostic coverage

Satisfy requirement for startup
and runtime testing

AUTOSAR supported
Standard AUTOSAR can be used

www.infineon.com/prosil

PRO-SIL™ highlights

> Broad hardware portfolio from sensors to microcon-
trollers, along with analog and power management ICs
providing SIL-supporting features.

> For I1SO 26262 PRO-SIL™ products, safety concepts are
in place to enable the required safety measures, testing,
monitoring and diagnostics capabilities for your safety
architecture.

> Comprehensive safety software packages for seamless
integration are in place, such as the SafeTlib software for
Infineon’s AURIX™ microcontroller family

> Full range of support services - from consulting and
design advice, including training, documentation and
technical support - can be provided.

» Safety-focused organization and project management
based on Infineon’s zero defect program, safety culture
and quality management system are in place.

Infineon’s PRO-SIL™ logo guides you to our products

(HW, SW, safety documentation) with SIL-supporting fea-

tures. These products will simplify the implementation of
customers’ system design and improve time-to-market in
achieving the desired functional safety level compliance.

Compliant to
IEC 61508, 1SO 26262, 1SO 25119
CMM level 3

Application independence
From chassis through body
to powertrain

Free evaluation version
From sales contact



AURIX™ tamily system architecture

AURIX™ is Infineon’s brand new family of microcontrollers
serving exactly the needs of the automotive industry in
terms of performance and safety. Its innovative multicore
architecture, based on up to three independent 32-bit
TriCore™ CPUs, has been designed to meet the highest
safety standards while significantly increasing performance
at the same time.

Using the AURIX™ platform, automotive developers will
be able to control powertrain and safety applications with
one single MCU platform. Developments using AURIX™
will require less effort to achieve the ASIL-D standard than
with a classical lockstep architecture.

Customers wanting to reduce their time-to-market can

now cut down their MCU safety development by 30%.

By the same token, a performance surplus of 50% up to
100% allows for more functionality and offers a sufficient
resource buffer for future requirements, keeping the pow-
er consumption on the single-core microcontroller level.
While protecting IP, and preventing theft and fraud, AURIX™
provides an already built-in hardware security module.

With its special feature set, AURIX™ is the perfect match for
powertrain applications (including hybrid and electrical
vehicles) as well as safety applications (such as steering,
braking, airbag and advanced driver assistance systems).

. DMI
TriCore™ | overlay
1.6P

SRI cross bar

Data flash
BROM
key flash

Diverse
Lockstep core

FPU DMI
X overlay
TriCore™
1.6P

System peripheral bus

standby

TriCore™ overlay
1.6E

¢ ' PLL &
PLL ERAY
System peripheral bus

1

Ethernet
MultiCAN+

Ports

5Vor3.3V
single supply



Package information®
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AURIX™ family offers a complete roadmap for automotive security

- TQFP-100 TQFP-144 LQFP-176 LFBGA-292 | LFBGA-516

TC297T
270 MHz

9x series
up to8 MB

Tx series
up to 4 MB

3x series
upto2 MB

TC233L
200 MHz
HSM

High-end engine & transmission management
ADAS & sensor fusion domain control (H)EV System

EPS airbag brake systems ADAS

TC275T
200 MHz

TC234L
200 MHz
HSM

TC277T
200 MHz

TC237L
200 MHz

TC299T
270 MHz
HSM

TC290T
270 MHz
HSM

TC270T
200 MHz
HSM

Mid-range engine & transmission management
High-end brake and EPS domain control (H)EV system

Typical use cases

> Secure on-board communication
> Tuning protection

> Immobilizer

> Secure SW update

AURIX™ hardware security module — anchor of trust thanks to separated
logical protection domain

TriCore™ 0

lHH

>

Peripherals

Peripherals

Peripherals

Firewall

AES
128

TRNG

Timer

HSM domain

Trusted execution environment

The SHE+ driver controls the hardware security peripheral in the HSM domain
and interacts with the TriCore™ host core. SHE+ offers the AUTOSAR CRY inter-
face for integrating the HSM security features into an automotive application,

including interface to AUTOSAR, communication from TriCore™ to HSM and vice

versa, key storage functionality and security peripheral drivers.

AURIX™ Hardware Security Module
(HSM)
> A highly flexible and programmable
solution
- AES128 and TRNG implemented
in HW
- Customer-specific requirements,
such as HASH or asymmetric encryp-
tion, can be implemented in software
» Offers the performance required to
encrypt/decrypt e.g. Ethernet traffic
> Secure key storage provided by sepa-
rated HSM-DFLASH portion
- Alternative secure key storage
feasible in dedicated HSM-PFLASH
sections
> SHE+ software

13
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AURIX™ for powertrain applications

Energy efficiency for
combustion engine vehicles

Electronic automotive components are key to raising fuel
efficiency levels and cutting emissions. The latest environ-
ment protection agency standards - Euro 5 and Euro 6 for
passenger cars and Euro 3 and Euro 4 for motorcycles - are
driving developments in advanced engine management.
TriCore™ based products can be found in improved com-
bustion technologies such as Homogeneous Charge Com-
pression Ignition (HCCI) as well as in direct injection, smart
turbocharger and valve actuation applications. They are
also ideal for a range of innovative transmission technolo-
gies such as Double Clutch Transmission (DCT) and modern
Continuous Variable Transmission (CVT).

Driving hybrid and electrification

While excelling in fuel economy, being fun-to-drive and
reducing CO, emissions, Hybrid Electric Vehicles (HEV) and
Electric Vehicles (EV) have the drawbacks of higher cost,
limited drive-range and safety concerns (e.g. risk of battery
over-charging). TriCore™ products, with their high per-
formance, functional integration and application-based
SW support, are the ideal solution for (H)EV motor drives.
TriCore™ offers less than 3% CPU load at 300 MHz frequen-

cy, for the complete Field-Oriented Control (FOC) algo-
rithm. TriCore™ AURIX™ family offers multicore architec-
ture, allowing inverter control, hybrid torque management
and DC/DC conversion to be done within one single micro-
controller. Nevertheless, the TriCore™ AURIX™ family has
built-in resolver functionality, saving customers the cost of
implementing an external resolver IC.

Often seen as master micro in battery balancing topology,
the TriCore™ AURIX™ family proposes a 32-bit standby
domain combined with an integrated 8-bit standby control-
ler, essential for battery balancing under low power mode
(e.g. holiday parking). Infineon is market leader in offering
Hardware Security Module (HSM), a feature that prevents
the main CPU from illegal manipulation, making the billing
for battery charging more trustworthy.

AURIX™ security hardware

Infineon’s AURIX™ 32-bit microcontroller family offers a
wide portfolio of compatible devices, with embedded
Hardware Security Module (HSM), which offer cost-efficient
solutions for all typical automotive security applications.



Gasoline multi-port injection - discrete solution

Application example

Battery (KL30)

Stey-
Key (KL15) 4

LDO

Window/Q&A-
watchdog

TLE4250-2
le 5V/0.05A

Pedal position
TLE4997/98

EGR-throttle position
TLE4997/98

Fuel level
TLE4997/98

Swirl/tumble flap
TLE4997/98

Throttle position
TLE4998S

perature
sensor(s)

Barometric pressure

KP23x, KP25x

Manifold air pressure
KP21x, KP22x, KP27xY

Knock sensor(s)

In-cylinder pressure

Lambda sensor

Crankshaft

»
1
>
2
S
@

TLE502x/492x

Camshaft
TLE4986

pC-LDO

CAN LIN 2 ch.
TLET250GVIO TLET250-3GE NN

T Powertrain CAN

Engine management
Typical partitioning for up to 6 cyl.
MPI w. discrete "Flex"

Safety system supply .

Ref-LDO  Com-LDO  Tracker 1
Tracker 2

UV/OV/error-monitoring

Safe state
controller

TLF35584

) Safety watchdog
ClC61508

4ax
15A pk.

Ignition driver ) | |gnition plugs

General purpose 5Ach.

e —

5Ach. N Turbo charger

TLE9102SG
8Ach.
) | (eGas) throttle

3.3Vor5V/10 mA
3.3Vor5V/0.6A

—

General purpose
H-bridge
TLE9102SG

32-bit —>
Multicore/Lockstep
MCuU
AURIX™
e.g. TC26xD

2.5 MB/200 MHz

@P‘

AUTOSAR

«@an®™

) H-bridge for throttle
TLE8209-2SA
LS-switch Flex
— PWM, current sense
Flex2
TLE8102SG

2x5/9A
—

LS-switch Flex8
On-off outputs
TLE8108EM

I ———
N
—_—) et

;
!
-

—

2
!
o

LS-switch Flex
PWM outputs
Flex18

" Swirl/tumble |
TLE8718SA L,,,ﬂfE,,,J
4x1.7A ﬁ
Relays "
2x1A
MIL

N

4 1) In development

The new TriCore™ family AURIX™ with state-of-the-art safety features enables systems to achieve the highest safety level
up to ASIL-D. The scalable AURIX™ family includes the GTM, the de-facto industry standard timing module that supports
highly complex engine management, while meeting the market’s most stringent emissions regulations.

Application features

> Gasoline portinjection

> Scalable software-based knock detection
> Throttle and EGR control

> Catalyst after treatment

> Start/stop systems

> Cost-optimized for entry segment

Suggested products
» TC265 - TriCore™ 32-bit microcontroller
» TC264 - TriCore™ 32-bit microcontroller

System benefits

> Scalable platform - performance, memory size and I/Os

> Single voltage supply (EVR)

> Focus on reducing CO,

> Easy migration from ultra low-end to mid-range
applications

> Best tool/partner support for all development phases
within V-cycle

PRO.
SIL

23
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Diesel direct injection

Application example

Engine management
Typical partitioning for DDI discrete

Safety system supply 5l

Battery (KL30)

StBy- pC-LDO Ref-LDO Com-LDO  Tracker 1
Key (KL15)

LDO Tracker 2
UV/OV/error-monitoring

Window/Q&A- REIENEN
watchdog TLF35584 controller

PROFET™ 6X8A l
BTS500x0-1EGA —_— l
BTS500x0-1TMA/B
BTS500x0-1TEA/B

3.3Vor5V/10 mA
3.3Vor5V/0.6A

Pedal position
TLE4997/98

Fast IGBT 6x8A
e HD04NGORA/ ||| lmmnd
IDHO6N60RA

EGR-throttle position
TLE4997/98

Piezo injectors ll

Fuel level

TLE4997/98 32-bit

. H-bridge for throttle [Elatall
Multicore/Lockstep — TLE8209-25A == _(eGas) throttle

MCU
MG 5 A ch Turbo chary
; - ger
plibiidee | aste gate
TLE9102SG

AURIX™
-bridg 5Ach.
! 'llj':g;ilgerEGR EGRthrottle

Swirl/tumble flap
TLE4997/98

e.g. TC29xT
8 MB/300 MHz

Throttle position
TLE4998S

Temperature
sensor(s)

Barometric pressure
KP23x, KP25x

LS-switch Flex

PWM, current sense  [EARIARa
Flex02 > 02

TLE8102SG

witch Flexs  [FSENESN %
— n-off outputs —’ _
TLE8108EM
4x2.6A Solenoids ll
—l)
LS-switch Flex sz'6A' :
> PWM outputs

Flex18 4x1.7TA %

TLE8718SA Relays '
MIL

@
TLE502x/492x

([ relays ]
Camshaft
CAN FlexRay LIN 2ch. 2x1A
TLEdsss —
TLET250308 g
T Powertrain CAN
1) In development ¢ >

The new TriCore™ family AURIX™ with state-of-the-art safety features enables systems to achieve the highest safety level
up to ASIL-D. The scalable AURIX™ family includes the GTM, the de-facto industry standard timing module that supports
highly complex engine management, while meeting the market’s most stringent emissions regulations.

Application features System benefits
» Direct injection (piezo/magnetic) > Microcontroller with best-in-class real-time performance
> In-cylinder pressure measurement > Scalable platform - performance, memory size and I/Os
> Hardware-supported security enhancements > Committed to reduce NOx and particulate matter in line
> Throttle and EGR control with Euro 6 standard
> Turbo charging > Hardware-supported IP/anti-theft protection and tuning
> Diesel particulate filter protection
> ‘Blue’ after-treatment support (e.g. urea-based SCR) > Increased accuracy with in-cylinder pressure sensing via
DS-ADC

> Enhanced communication (Ethernet)
Suggested products > Dedicated peripherals for powertrain
> TC29x - TriCore™ 32-bit microcontroller
» TC27x - TriCore™ 32-bit microcontroller PRO .

SIL



Automatic transmission —

Application example

Safety system supply

Battery (KL30) StBy-
Key (KL15)

' LDO

HC-LDO  Ref-LDO Com-LDO
UV/OV/error-monitoring

Window/Q&A-

watchdog

TLF35584

3.3Vor5V/10 mA
3.3Vor5V/0.6A

Input shaft speed
TLE4951/54
32-bit MCU
Multicore/Lockstep
AURIX™ MCU

Output shaft speed
TLE4951/54

Hill hold — |
TLE4998C3 SIL

«@ne

PRNDL switches
TLE4964

Tap up / tap down
switches

Temperature
censor

@n®
TLE9250SJY

Powertrain
FlexRay

&

]

SIL]
Tracker 1
Tracker 2

hydraulic control

9-speed automatic transmission
Typical partitioning for constant current control

Safe state
controller

1x
) \/ehicle speed out

Low-side driver

—

gh 1x
—> PROFET™ family ) Solenoid supply

BTS6133D

ax2A ﬁ
===} | ON/OFF solenoids l
3x1.2A Variable force
—) solenoid/
proportional valve
3x12A Variable force
— solenoid/
proportional valve

TLE8242-2L
&
3x IPG20N06S4L-26

FlexRay CAN LIN
TLE9221SX TLE7250G TLE7259-3GE

R

>

¢

Diagnostic/instrumentation CAN

\ e —
Diagnostic/
instrumentation

1) In development

The new TriCore™ family AURIX™ with state-of-the-art safety features enables systems to achieve the highest safety level
up to ASIL-D. The rich scalability of the AURIX™ family permits a platform approach that meets the needs of a range of
transmission system demands. Furthermore, the hot temperature package and bare die solutions enable AURIX™ to be

used in both attached and integrated control units.

Application features

> Smooth gear shifting

> Closely coupled with engine control via high-speed
CAN/CAN-FD/FlexRay link

> Support of four 3-phase DC-brushless E-drives

» TC270: high microcontroller junction bare die
temperature

> TC275/TC277: extended ambient temperature range to
meet harsh environment requirements

Suggested products

> TC29x - TriCore™ 32-bit microcontroller

» TC27x - TriCore™ 32-bit microcontroller

> TC270 - Bare die TriCore™ 32-bit microcontroller

System benefits

> Improved and fast clutch control

> Supports Safety Level up to ASIL-D

> Security module HSM to prevent tampering

> Hot bare die supports modular temperature-optimized
TCU design

> Hot bare die capabilities enable microcontrollers to be
placed wherever they are needed in the system

> Scalable product offering ensures perfect fit for
individual application needs

PRO.
SIL
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Dry double clutch transmission — electrical control

Application example

Safety system supply @
Ref-LDO Com-LDO  Tracker1
Tracker 2

Battery (KL30)

StBy-
Key (KLL5) 4

LDO

C-LDO

UV/OV/error-monitoring

Window/Q&A-
watchdog

Safe state
controller

TLF35584

3.3Vor5V/10mA
3.3Vor5V/0.6 A

PRNDL switches
TLE4964/66
Shift position sensor I
TLE4997/98
Temperature
sensor

} Rotor position

| iGMR sensor | [ ]
|

|

4x

32-bit MCU
Multicore/Lockstep
AURIX™

"o
TLE5009 I SIL|
TLE50128

e

AUTSSAR

w@in®

TLE9250SJ"

Powertrain
FlexRay

FlexRay CAN LIN
TLE9221SX TLE7250G TLE7259-3GE
A 1, 1

<

Al . R v
Diagnostic/
instrumentation

Diagnostic/instrumentation CAN

—

7-speed double clutch transmission
Typical partitioning for constant current control

Battery (KL30)
Key (KL15)

Rotor position
iGMR sensor

3-phase
driver IC ( M
TLET18xx TLE5012B

15t
clutch Q—I

Rotor position
iGMR sensor

3-phase
driver IC (@:
TLE718xx TLE5012B

znﬂ
clutch ‘—I

3-phase
driverIC
TLE718xx

Rotor position
iGMR sensor
TLE5012B

pur

0%

Even
gears

3-phase Y

driverIC ‘
” 1‘ E“

Rotor position
iGMR sensor
TLE5012B

OptiMOS™-T2 40V
24x IPD90N0454-04

{ ™M)
‘ odd
A

gears

TLE718xx

,,,,,,,,,,,,,,,,,,,,,

1) In development

The new TriCore™ family AURIX™ with state-of-the-art safety features enables systems to achieve the highest safety level

up to ASIL-D. The rich scalability of the AURIX™ family permits a platform approach that meets the needs of a range of

transmission system demands. Furthermore, the hot temperature package and bare die solutions enable AURIX™ to be

used in both attached and integrated control units.

Application features

> Ultra-fast gear switching

> Closely coupled with engine control via high-speed
CAN/CAN-FD/FlexRay link

> Support of four 3-phase DC-brushless E-drives (dry-DCT)

> High microcontroller junction bare die temperature

Suggested products
» TC275 - TriCore™ 32-bit microcontroller
» TC270 - Bare die TriCore™ 32-bit microcontroller

System benefits

> Improved fast clutch control

> Supports safety level up to ASIL-D

> Feature set optimized for wet and dry DCT designs

> Continuous torque on wheels ensures a sportive driving
experience

> Hot bare die capabilities enable microcontrollers to be
placed directly where they are needed in the system

> Hot bare die supports a modular temperature-
optimized TCU design

PRO.
SIL

» Infineon e-motor driver
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Integrated (H)EV control

Application example

Hybrid electric control

32-bit
Multicore/Lockstep

MCU

PRO .
SIL

Diverse

AURIX™

AUTESSAR

N

PMSM

Lockstepcore ———

DC/DC converter

200 MHz

) CPU1
Diverse

Lockstep core

200 MHz
CPUO

B Motor control B PWM generation

IGBT
hybrid pack
lor2

EiceSIL™
driver IC

Trigger L

[ S—

8x
SAR-ADC

Resolver

hybrid domain control space vector Speed | Cj]
DC/DC converter modulation 200 MHz &
resolver speed & position CPU2 position PPEEEEES

M Synchronized 3-phase M Resolver interface

current measurement

The inverter controls the electric motor via an electric drivetrain. It resembles the Engine Management System (EMS)

in vehicles with an internal combustion engine. It is seen as a key component in determining (H)EV drive behavior. The
inverter captures energy released through regenerative braking and feeds this back to the battery. As a result, the range of
the vehicle is directly related to the efficiency of the inverter. A safe, highly efficient inverter control system is crucial to the

quality of driving.

Application features

> Multicore & lockstep architecture

> DS-ADC-enabled direct resolver-to-microcontroller
> Superior performance

> Customized PWM pattern generation

Suggested products
» TC29x - TriCore™ 32-bit microcontroller
» TC27x - TriCore™ 32-bit microcontroller

System benefits
> 1SO 26262 ASIL-C/D compliant
> No resolver IC needed, lower system cost
> Enables sub-system integration
(driving HCU + inverter + DC/DC)
> Fine motor tuning

PRO.
SIL



AURIX™ for
safety applications

Electric Power Steering (EPS)

Application example

+12V from battery

Safety system supply

o @
SIL]
StBy- uC-LDO Ref-LDO Com-LDO Tracker 1
LDO Tracker 2
UV/OV/error-monitoring
Window/Q&A-
watchdog

l vSens l VTX

Safe state
TLF35584 controller

IWD lVMcu

32-bit

Multicore
,,,,,,,,,,,, Lockstep
} Torque sensor } Steering MCU
| I torque AURIX™
} TLE4906 } ) m!
Electric SIL
power steering AUTGSAR
ECU

«@n®

CAN
transceiver
TLE7250G
TLE6251D

FlexRay
transceiver
TLE9221SX

TLE9222PXY

TLE9250SJ12
1) In development

2) CAN FD support

3-phase

driver IC

Rotor position

iGMR sensor

TLE5009/12B
TLE5309

TLE7183
TLE7185
TLE7189
TLE9180
family

Current sense
(shunt substitute) &
TLE4997/98

OptiMOS™-T2
8x IPLU300N04S4-R7

Rotor position/current sense

HS-CAN

FlexRay ¢

A 4

The new TriCore™ family AURIX™ with state-of-the-art safety features enables systems to achieve the highest safety level

ASIL-D, which is already required in contemporary steering systems.

The latest diverse lockstep technology with clock delay (diverse lockstep core) reduces the software overhead significantly

and enables fast time-to-market.

Its rich scalability meets a variety of different electric power steering system demands.

Application features

> Flash 512 KB-8 MB

> Performance from 133 MHz-3x 300 MHz

> T,=-40°C ... 145°C

> Dedicated peripheral set: LIN, CAN, SPI, FlexRay , Ethernet

> Advanced timer unit for totally flexible PWM generation
and hardware input capture

> Redundant flexible 12-bit ADC

> Hardware SENT interface for low CPU load

> Hardware-focused safety concept for reduced SW
overhead

» Safety software: Infineon SafeTcore library

» 1SO 26262 conformance to support
safety requirements up to ASIL-D

> Availability of AUTOSAR 4.x

System benefits

> Scalability over Flash, RAM and peripherals offering the
best cost-performance ratio

> Serves all kinds of EPS systems, such as column or
belt drive

> Proven safety concept to support 1ISO 26262

> Innovative supply concept leads to best-in-class power
consumption

Suggested products
> TC26x
» TC23x
> TC22x

PRO.
SIL
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AURIX™ for
safety applications

Multi-purpose camera configuration

Application example

+12V from battery

Safety system supply st

StBy- pC-LDO Ref-LDO Com-LDO Tracker 1

LDO

Tracker 2

UV/OV/error-monitoring

Window/Q&A-
watchdog

l Vsens l Vi

TLF35584

e.g. Aptina OmniVision

Automotive 32-bit
high
dynamic
range camera

MCU
AURIX™

w0 ()
SIL

1) In development
2) CAN FD support

Optional

Multicore/Lockstep

AUTSSAR

N

Safe state
controller

Optional
“Number cruncher”

e.g. for
pedestrian
detection

CAN
transceiver
TLE7250G
TLE6251D
TLE9250SJY%

HS-CAN

FlexRay
transceiver
TLE9221SX

TLE9222PXY

4=) FlexRay

Multi-purpose
camera ECU

The new TriCore™ family AURIX™ will enhance classic safety features with dedicated features to cater for multi-purpose

camera systems.

The combination of new features, such as a picture pre-processing unit, camera interface, DSP functionality and increased

SRAM, in conjunction with outstanding safety features enables a high level of scalability in order to achieve the best

cost-performance ratio.

Application features

> TriCore™ DSP functionality

> Best-in-class performance: triple TriCore™
with up to 300 MHz per core

> Supporting floating point and fix point with all cores

> Up to 2.7 MB of internal RAM for picture
information storage

> Picture pre-processing unit

> Camera interface up to 100 MHz

> Innovative single supply 5Vor3.3V

> External memory interface

» 1SO 26262 conformance to support
safety requirements up to ASIL-D

> Availability of AUTOSAR 4.x

System benefits

> High scalability option allows a dedicated performance
feature fit for multiple camera applications from single
automatic high beam systems up to multi-function sys-
tems (lane departure warning, forward collision warning,
traffic sign recognition, pedestrian recognition etc.)

> High integration leads to reduced complexity

> Support for ISO 26262 decisions such as
emergency braking

> Innovative supply concept leads to best-in-class
power consumption

PRO.
SIL

Suggested products
> TC29xTA
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High-feature body control module with
integrated gateway functionality

Application example

Left Right
front-light control front-light control

PROFET™ - single, dual, quad channel high-side driver
SPOC - SPI based multichannel high-side driver family

Eth t
ermne Relays

SPIDER
FlexRay TC%{,GP SPI based
Diverse Lockstep core multichannel
high-/low-side Interior light

driver

CAN bus TLE7250G
TLE6251-3G
TLE6251D

__ Logicsignals on Vg, Level
HITFET™ e.g. switched Vg, rails

Communication

TC1.6E A
low-side
TLE7259-2GE ) driver r—
TLE7258LE 32-bit P Ambient
TLE7269G Multicore/Lockstep LEDs
MCU Basic LED
CAN bus TLE7250G AURIX™ current sources
TLE6251-3G for LED
TLE6251D ] | applications
|SII.'|

AUTESAR
Interior

LEDs

PROFET™ - single, dual, quad channel high-side driver
SPOC - SPI-based multichannel high-side driver family

Left
rear-light control rear-light control

Body Control Module (BCM) application comprising internal and external lighting systems, as well as control of relays and voltage
rails and further comfort functions such as door and wiper control. The central gateway manages all internal interfaces (i.e. motor
management, in-car entertainment, dashboard or convenience control) and communication with external interfaces for after-sales
software updates. The AURIX™ multicore concept enables the integration of two applications in one device, e.g. BCM and gateway.

Application features System benefits
> Scalable MCU family from single to multicore > Enables pretended networking and ECU degradation
> Encapsulation feature allows software development > High integration leads to significant cost savings
without interference for multiple applications > High integration leads to reduced complexity
> Embedded EEPROM > 1S0O 26262 compliance supports ASIL requirements
> Advanced communication peripherals: > Innovative supply concept leads to best-in-class power
CAN, LIN, SPI, FlexRay, Ethernet consumption
» 1SO 26262 conformance to support safety requirements
up to ASIL-D
> Availability of AUTOSAR 4.x Suggested products
» TC29x
» TC23x
> TC22x PRO .

» TC21x SIL
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AURIX™ for
transportation applications

Commercial and Agricultural Vehicles (CAV)

A 24V complete system solution for hydraulic/pneumatic management systems: power supply, sensors, microcontroller

and high-side switches can be used without external protection in a 24 V system. Valves and pumps can be driven via linear

activation or demand-controlled via PWM signals.

Hydraulic management system

+24V

BTT6050-2EKA

TLE4271

-

==

TLE4253

-

32-bit

Multicore

Lockstep
BTT6030-1EKA MCuU BTT6050-2EKA
™
T %7 AURIX
Pump
T e
N

-

Reservoir

L Chassis

==

TLET2506" [
TLE6251DS"
J CAN bus

1) If ECU permanently supplied, you may need to add external protection against load dump 400 ms above 40 V.

Pneumatic management system

+24V

Pedal
=

TLE4990

l BTT6050-2EKA

TLE4271 ?

e

TLE4253

32-bit

BTT6030-1EKA

Multicore
Lockstep

-

Outlet

System benefits

» Valves and pumps can be driven

via linear activation or demand-

controlled via PWM signals

> Quad and dual channels are

optimized to reduce costs and

space for these applications

» Pin-to-pin and software compatibility

» 1SO 26262, ASIL D/SIL 3 compliant

> AECQ-100

Suggested products
> TC23x
> TC22x
> TC21x

System benefits

» Valves and pumps can be driven

via linear activation or demand-

controlled via PWM signals

> Quad and dual channels are

optimized to reduce costs and
space for these applications

BTT6050-2EKA

> Pin-to-pin and software compatibility

: JUL

Compressor
pump

na =

-

N

L Chassis

e

TLE72506"
TLE6251DS”
J CAN bus

1) If ECU permanently supplied, you may need to add external protection against load dump 400 ms above 40 V.

Outlet

> 1SO 26262, ASIL D/SIL 3 compliant

> AECQ-100

Suggested products
> TC23x
> TC22x
> TC21x

PRO.
SIL
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AURIX™ for industrial applications

High-performance, multicore and safety-
demanding applications

The AURIX™ 32-bit microcontroller family is based on the
Infineon TriCore™ high-performance core concept and
provides a very high scalability family from single core to
multi core.

The AURIX™ family enabling highest integrated safe
memory sizes (SRAM up to 2.7 MB and flash memory up

to 8 MB) and all memory is protected by hardware Error
Correction Code (ECC). The devices reach more than 600
DMIPS at clock rates of up to 300 MHz and combine MCU &
DSP instructions with an integrated FPU.

The integrated peripheral set is primarily targeted toward
motor control and power conversion providing up to 11
ADCs, DS ADCs and a full set of diverse high-performance
timers - namely the General Timer Module (GTM), CapCom
6, GPT12. This is one of the very few in the industry that is
able to drive the upcoming three-level inverter topologies.

Furthermore the AURIX™ family supports the latest connec-
tivity like Ethernet, CAN FD, Flexray and multiple other high
speed interfaces.

Providing security and functional safety

In a global economy, IP protection and secure communi-
cation plays an increasingly important role. This demand

is accounted for by the integration of special security
modules providing the required means of safe key storage,
along with secure boot and encryption on the hardware
level. As one of the leaders in functional safety, Infineon has
designed the TriCore™ MCUs to meet the growing demand
for functional safety in the industrial market as specified

in IEC 61508. Via our cooperation partner Hitex, Infineon
offers a complete package comprising a microcontroller,
safety supply with integrated watchdog TLF35584, software
and documentation, achieving safety integrity levels up to
SIL3.

The next generation of TriCore™-based microcontrollers -
AURIX™ - will provide another significant performance
milestone by integrating up to three cores in one device.
The multicore concept is targeted at running concurrent
applications in parallel. Some of the integrated cores
integrate lockstep functionality and the peripherals can
be allocated to individual cores. This allows running a
combination of safety-critical tasks, such as controlling
an inverter, with non-critical tasks, such as network
communication, on a single MCU.



AURIX™ for
industrial applications

Inverter

Application example

Safety system supply e

StBy- pC-LDO Ref-LDO Com-LDO  Tracker 1

LDO Tracker 2
UV/OV/error-monitoring

Window/Q&A-
watchdog

Safe state
controller

TLF35584

CAN transceiver
TLE62xx

Fieldbus/FPGA/
external memory

<+—> @\

“—>

V'S
v

Application features

> Multi-axis controller for two 3-phase complementary
PWMs

> Multiple modulation strategies (SVPWM, DPWM,
soft-PWM, direct torque control) to support requirements
for reduced noise emissions and increased efficiency

> Ready for four Q-inverters, matrix-inverters

> Field-oriented control with less than 10% CPU load

> Multiprocessor support for reliability and safety

> Support for 3-level inverter topologies

> High computing performance up to 3 x 300 MHz

> Up to 2.7 MB internal RAM

Suggested products
» TC27XT - TriCore™ 32-bit microcontroller
» TC29XT - TriCore™ 32-bit microcontroller

PMSM
¢ A 0
IGBT A A
EconoPIM™ B C
EiceDRIVER™
32-bit MCU
AURIX™ 8x
SAR-ADC
Resolver

Speed
&
position

System benefits

> Diverse timer architecture: generic timer module (GTM),
CCU6, GPT12

» 8 SAR-ADCs 12-bit resolution, 1 MSPS

> DS-ADC

> Resolver I/F

> Encoder I/F with digital noise filter

> Very fast control loop

> IEC 61508 support - Integrity Level (SIL) 1 to 3

> Innovative single power supply concept

PRO.
SIL



Wind turbine inverter

Application example

AC
generator

Blade pitch

Bt —

AURIX™ for

industrial applications

AC
Rectifier Inverter /\

0 ~230V

o

Grid phase

control

Wind
C sensor

Application features

> Reliable blade pitch control

> Increased wind turbine efficiency

> Multiple modulation strategies (SVPWM, DPWM,
soft-PWM, direct torque control) to support requirements
for reduced noise emissions and increased efficiency

> Multiprocessor support for reliability and safety

> Support for 3-level inverter topologies

Suggested products
» TC26xD - TriCore™ 32-bit microcontroller
» TC27XT - TriCore™ 32-bit microcontroller

v

monitoring

32-bit MCU

AURIX™

System benefits

> Diverse timer architecture: generic timer module (GTM),
CCU6, GPT12

» 8 SAR-ADCs 12-bit resolution, 1 MSPS

» DS-ADC

» Resolver I/F

> Encoder I/F with digital noise filter

> IEC 61508 support - Integrity Level (SIL) 1 to 3

> Innovative single power supply concept

PRO.
SIL
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TriCore™ tool partners

Embedded software solutions AUTOSAR suites

)
;
1
:

AUTRON

ENGINSERING AND AUTOMOTIVE

fB3  vector’ KPIT E£TAS

2
A

]

B
s
3

Simulation/virtual prototyping

SYNapsys

mmmmmmmmmmmmmmm

Integrated compiler environments

Altlum. #7g HIGHTEC WIND RIVER

Auto code generation tools

dSPACE ETAS

Timing/scheduling analysis

O P N Timi
€Ci Absint ol = SYMTAVISION A s

GGGGG

Operating systems

@MX  EB eTAs @euos AAA g fuonec  vector”

EVIDENCE®  GLIWA

Debugger and test tools

>

hitex s 7 SYSTEM LauTeRBACH /I Prls—

DEVELOPMENTTOOLS DEVELOPMENT TOOLS Development Tools

Data measurement/calibration/rapid prototyping

AT eices dSPACE ETAS vector

Programmer/flash tools

hitex s lsea - [
BEYECLOPHGNT TOOLS pD”""’”"”’ Tools gﬁrgm'n’f whd Technologies™

Software verification

€ Absint T 5 ﬁlo ‘ MathWorks:

Embedded Systel TECHNOLOGY

T|

a
3
@

Training/services

G%; hitex m— HTWY 738 M1CROCONSULT

Get the total Coverage!

Free tooli ng Free TriCore™ Entry Toolchain, MemTool, ACT
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Feature overview

[ e

Feature overview TriCore™ ramily

TriCore™ microcontroller

External bus interface
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Product type
Program memory
[kByte]
Co-processor
Digital I/O lines
Number of ADC
channels

Timed 1/0 channels
CAN nodes
Communication
interfaces
Temperature ranges
Additional features /

AUDO - next generation family

TC1762-1128F 66-80 1000 |52 FPU 81 32 48 No |2 2x ASC, 1x SSC, 1x MSC, 1IxMLI | K | LQFP-176 2x 1x -
TC1766-192F80HL 80 1500 | 108 FPU,PCP |81 32 48 No |2 2xASC, 2x SSC, 1x MSC, 2x MLl | K | LQFP-176 2x 2x =
TC1796-256F150E 150 2000 | 256 FPU,PCP | 123 44 126 Yes | 4 2xASC, 2x SSC, 2x MSC, 2x MLl | K | BGA-416 2x 2x -
AUDO - future family
TC1736-128F80HL 80 1000 |48 FPU 70 24 55 No |2 2xASC, 2x SSC, 1x MSC, 1xMLI | K | LQFP-144 2x 2x =
TC1767-256F 80-133 | 2000 | 128 FPU,PCP |88 36 80 No |2 2xASC, 2x SSC, 1x MSC, 1xMLI | K | LQFP-176 2x 2x -
TC1797-512F180E 180 4000 | 224 FPU,PCP | 221 48 118 Yes |4 | 2xASC,2xSSC,2xMSC,2xMLI | K | BGA-416 2x 2x -
AUDO MAX - family
TC1724N-192F80HR 80 1500 | 152 FPU,PCP | 95 28 7 No |3 2x ASC, 4x SSC, 1xMSC, IxMLI | K | LQFP-144 22X 4x EVR
TC1728N-192F133HR | 133 1500 | 152 FPU,PCP | 127 36 94 No |3 2xASC, 4x SSC, 1x MSC, 1xMLI | K | LQFP-176 2x 4x EVR
TC1782F-320F180HR | 180 2500 | 176 FPU/PCP | 86 36 80 No |3 2x ASC, 3x SSC, 1x MSC, 1x MLI, | K | LQFP-176 2x 3x -
2x FlexRay
TC1784F-320F180EL | 180 2500 | 176 FPU/PCP | 126 36 122 Yes 3 | 2xASC, 3x SSC, 1x MSC, 1xMLI, | K | LFBGA-292 | 2x 3x -
2x FlexRay
TC1791F-512F240EP | 240 4000 | 288 FPU/PCP | 144 48 100 No |4 2x ASC, 4x SSC, 2x MSC, 2x MLI, | K | LFBGA-292 | 2x ax -
8x SENT, 2x FlexRay
TC1793F-512F270EF | 270 4000 | 288 FPU/PCP | 221 44 112 4 2xASC, 4x SSC, 2x MSC, 2x MLI, | K | LBGA-416 | 2x 4x =
Yes
8x SENT, 2x FlexRay
TC1798F-512F300EP | 300 4000 | 288 FPU/PCP | 252 72 138 4 2xASC, 4x SSC, 2x MSC, 2x MLI, | K | BGA-516 2x 4ax -
Yes
8x SENT, 2x FlexRay

PCP =Peripheral Control Processor

SDIO =SD Card Interface with Input/Output
SENT = Single Edge Nibble Transmission
SSC  =Synchronous Serial Channel

USIC =ASC, SPI, I’C, IS

ASC = Asynchronous Serial Channel
EVR =Embedded Voltage Regulator
FPU = Floating Point Unit

MSC = Micro Second Channel

MLI = Micro Link Interface

K =-40/+125°C
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ANY INFORMATION GIVEN HEREIN SHALL IN NO EVENT BE
REGARDED AS A WARRANTY, GUARANTEE OR DESCRIPTION OF
ANY FUNCTIONALITY, CONDITIONS AND/OR QUALITY OF OUR
PRODUCTS OR ANY SUITABILITY FOR A PARTICULAR PURPOSE.
WITH REGARD TO THE TECHNICAL SPECIFICATIONS OF OUR
PRODUCTS, WE KINDLY ASK YOU TO REFER TO THE RELEVANT
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THE SUITABILITY OF OUR PRODUCTS FOR THE INTENDED
APPLICATION.

WE RESERVE THE RIGHT TO CHANGE THIS DOCUMENT AND/OR
THE INFORMATION GIVEN HEREIN AT ANY TIME.

Additional information

For further information on technologies, our products, the
application of our products, delivery terms and conditions
and/or prices please contactyour nearest Infineon Technologies
office (www.infineon.com).

Warnings

Due to technical requirements, our products may contain
dangerous substances. For information on the types in ques-
tion please contact your nearest Infineon Technologies office.

Except as otherwise explicitly approved by us in a written
document signed by authorized representatives of Infineon
Technologies, our products may not be used in any life
endangering applications, including but not limited to medical,
nuclear, military, life critical or any other applications where a
failure of the product or any consequences of the use thereof
can result in personal injury.



