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Abstract

NXP offers three power management solutions for use with the TI TMS570
series microcontroller, using FS26, FS45 / FS65, and FS85 PMICs. This

application note outlines typical power tree, functional safety, and software
initialization details for each solution.
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1 Introduction

NXP PMIC solution for TI TMS570 series MCU

This application note presents three NXP PMIC (Power Management IC) solutions for
T1 TMS570 series microcontrollers (MCU). The application note explains, in detail, how
to use NXP FS26, FS45 / FS65 and FS85 series PMICs to power and secure TMS570-
based systems. It also provides connection details between NXP PMICs and TMS570
MCUs to facilitate user application design.

2 Power management requirements

TI TMS570 is a 16/32 bit RISC flash, ARM Cortex R4F/R5F Core MCU, designed for

the performance and safety needs of transportation applications, including automotive,
railway, and aerospace. TMS570 MCUs are developed in accordance with the ISO 26262
standard, with ASIL-D capability. The power management requirements of TMS570
MCU-based systems include power supply parameters and functional safety monitoring.

Table 1 shows a typical set of power supply requirements for use with a TMS570.

The TMS570 needs 1.2 V VCC for the Vcore power supply and 3.3 V for 10 ports and
other functions. Requirements vary according to the TMS570 version. Table 1 lists
maximum values. 5V is needed for peripherals, usually, in addition to the power required
by TMS570. Regarding the power-up sequence, VCC, VCCPLL, VCCIO, VCCAD/
VADREFHI, and VCCP could be powered up simultaneously in the TMS570.

Table 1. TMS570 Typical power supply requirements

Domain Name Description Voltage / V ::r:;::;nt il P L s
VCC Digital logic supply voltage (Core) 1.2
VCCPLL PLL supply voltage 1.2 1975
'II\'/IIC':I'LIYISS7O VCCIO Digital logic supply voltage (1/O) 3.3 15
VCCAD/VADREFHI |ADC supply voltage 3.3 40
VCCP Flash pump supply voltage 3.3 93
Peripherals VDD SQ:\:)’hZI;)I(an and other 5 System dependent

From a functional safety perspective, consider use of an independent power supply
voltage monitor, an MCU fault monitor, and fail-safe state enablement. A functional safety
PMIC with these safety mechanisms integrated is usually required to achieve ASIL-D
capability for the system.

3 System power solution design

AN13431

NXP has a rich portfolio of High-Voltage PMICs that can be connected directly to a
vehicle battery. These PMICs support various levels of functional safety, from QM to
ASIL-D. The portfolio allows users scalability and flexibility to optimize designs based on
power supply system requirements and functional safety needs.

This section provides three typical PMIC solutions for ASIL-D systems, using NXP FS26,
FS45 / FS65, and FS8500 PMICs. Table 2 lists the primary differences between these
three solutions.
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Table 2. NXP power solution options for TI TMS570

PMIC solution FS26 FS45 / FS65 FS85
Battery support 12 V battery 12 V battery 12V and 24 V battery
Vcore current capability(max) 0.8A15A 05At022A 25A
Tracker 2 1 0
CAN transceiver 0 1 0
LIN transceiver 0 1 0
Functional safety level ASIL-B or ASIL-D ASIL-B or ASIL-D QM or ASIL-B or ASIL-D
Flexible OTP YES NO YES
3.1 Power solution for 12 V battery system
This section presents two PMIC solutions with FS26 and FS45/65, with a 12 V battery
system. FS26 and FS45 / FS65 support a wide range of battery input voltages which
conform to the 1ISO7637 / 1ISO16750 standard, from 2.7 V to 40 V. These devices also
support some non-ISO requirements defined by key global OEMs, such as passing the
LV 124 Re-initial pulse test. Both devices have a low-power mode with a typical 32 pA
draw from the battery, when all voltage regulator outputs are disabled.
3.1.1 FS26 PMIC solution

AN13431

FS26 features multiple switch mode regulators as well as LDO voltage regulators to
supply the microcontroller, sensors, peripheral ICs, and communication interface. FS26
offers a high precision voltage reference to the system, as well as reference voltage for
two independent voltage tracking regulators. It also integrates various functionalities
for system control and diagnostics, such as selectable wake-up events from 1/O, long
duration timer, and configurable GPIO or SPI communication. Figure1 shows a typical
power tree and interconnections between FS26 and TMS570. Vcore, LDO1, and LDO2
are configured to 1.20 V, 1.2V, and 3.3 V respectively, as TMS570 requires.

FS26 VREF is a high precision reference voltage available to the TMS570 ADC
reference. Tracker1 and Tracker2 are configured with a tracker function for sensor power
supply from an external board.

The FS26 secured SPI register allows the TMS570 to initialize and configure the FS26
using the SPI protocol. The FS26 also integrates the following functional safety features
to monitor and secure the TMS570 and the system: Watchdog, Fault Collection Control
Unit (FCCU), Reset MCU and Safety output FSxB.

Because the FS26 series PMIC power supply voltage and functional safety features can
be flexibly configured through OTP (one time programming), customers can set up these
configurations according to actual application requirements.
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NXP FS26 Tl
TMS570 MCU
27V-40V 5V/1.5 A )
— | Vsup I l Vpre Peripherals
Ignition Waked I Voore 1.20 V/0.8 Aor 1.5 A Ve
CAN INH 1.20 V/400 mA
———————{wake2 | | LDO1 0 V7400 m VCCPLL
HS\LS driver |- ] 507 ]33 /400 mA Voo |
L[ Trackert ﬁ VCCAD
[ Tracker? [Veer |
L[ vrer |23 V30mA VADREFHI
|Long Duration Timer| l SPI SPI
FCCU Error Signaling Module
RSTB nRST/NPORRST
B Safe
FSxB e GPIO
aaa-044281
Figure 1. FS26 design for TMS570 in 12 V battery system

3.1.2 FS45/FS65 PMIC solution

The FS45 / FS65 PMIC devices are multi-output power supply integrated circuits with 12
V battery inputs, including CAN/LIN transceivers, dedicated to automotive applications.
Figure 2 shows one typical FS45 / FS65 power solution for a TMS570-based system.

FS45 / FS65 Vcore, Vcca, and Vaux are configured to 1.2V, 3.3 V,and 5.0V
respectively, for power supply to the system. The FS65 also has a Vpre output available
to power other peripherals or regulators as needed. A CAN-FD transceiver and a LIN
transceiver are included in FS45 / FS65 for communication between the TMS570 and
electronic control units (ECUs) or sensors.

There are more than 40 part number options for FS45 / FS65 series PMICs with scalable
functions. This allows customers to choose the appropriate parts for their system
requirements.

NXP
FS45/FS65 TMS570 MCU
M Vsup ‘ Vpre %/ZA—»Periphera\s
Igniti . . 3
gnition 100 ‘ 1.20V/0.5At02.2A VCCIVCCPLL
CAN INH 3.3V/300 mA
— " oe | a n vCcCIo
5.0 V/400 mA
|2 RV AT GAN | t VCCAD/VADREFH |
Long Duration Timer VCCP
CAN Bus CAN-FD
Transceiver E
LIN Bus LIN
Transceiver E
SPI SPI
FCCU Error Signaling Module
RSTB nRST/nPORRST

1 Safe
FSxB . GPIO

aaa-044282

Figure 2. FS45/ FS65 design for TMS570 in 12 V battery system

Vcca and Vaux can output 3.3 V or 5V, depending on the resistor value on the SELECT
pin. The Vcca output current capability is 300 mA, with 3% accuracy, with external PNP,
and 100 mA, with 1% accuracy, with internal PNP (leave VCCA_B open and tie VCCA_E
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and Vpre together). The current capability of Vaux is 400 mA. Refer to Figure 3 for Vcca/
Vaux configuration for Vcca 3.3 V and Vaux 5 V. For customers who need Tracker, Vaux
could also be configured to track Vcca for a sensor power supply.

VAUX_E

VAUX_B

Vaux @

VAUX

SELECT

% Rselect

VAUX_E

NXP FS45/ FS65

VCCA Vcca

VCCA_B

T

VCCA_E

VAUX_B

-Tl-_:

VAUX

SELECT

'L Rselect

NXP FS45/ FS65

Vcca current capability:
300 mA with external PNP

VCCA Vcca

VCCA_B

T

VCCA_E

VPRE

Vcca current capability:
100 mA with internal PNP

SELECT pin Configuration for VCCA and VAUX voltage
Vcca | Vaux | Rselect Recommended value

33VvI50V]

24kQ +/-5%

Figure 3. FS45/ FS65 Vcca and Vaux configuration

aaa-044283

3.2 Power solution for 12 V and 24 V battery compatible designs

FS85 series PMICs have a wide voltage input range to support 12 V battery and 24
V battery systems. Figure 4 shows the FS8500 power solution for a TMS570 based

system.

FS85 meets ISO7637 and 1ISO16750 standard requirements, and can pass non-ISO
pulse simulations defined by key global OEMs. It supports low-power mode, and current
consumption is typically 15 pA. The functional safety features of FS8500 are similar to
those of FS26 and FS45 / FS65.

FS85 series PMICs also support flexible OTP configurations, allowing customers to set
up FS85 systems with actual use cases.
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NXP TI
FS8500 TMS570 MCU
51V -60V Ve ] [ ore] 5.0 VI3 A Peripherals
—lonition ey okt L Bucks |[20VI20A VCC/VCCPLL
AN INH
C—> Wake2 —>| Boost _| |—> VCCIO
—| LDo1 o3 V400 mA VCCAD/VADREFHI
5.0 V/150 mA L+
L[ o2 [ CAN | vcer |
SPI SPI
FCCU Error Signaling Module
PGOOD nPORRST
RSTB nRST
t Safe
FSOB GPIO
NO
aaa-044285
Figure 4. FS8500 design for TMS570 in 12 V and 24 V battery compatible design systems

4 Functional safety

AN13431

FS26, FS45 / FS65 and FS85 series PMIC development rules, processes, and tools are
certified as compliant with the ISO26262 standard. They have the same functional safety
architecture and safety mechanisms for single point fault and latent fault diagnosis and
reaction.

The Fail-Safe state machine is a dedicated functional safety state machine integrated
into NXP PMICs. It controls all applicable safety aspects.

Refer to Figure 5 for functional safety interconnections between the PMIC and the
TMS570 MCU. The Voltage Monitor provides independent supervision for undervoltage
and overvoltage detection of FS26, FS45 / FS65 and FS85 regulators. Analog Built-in
Self Test and Logic Built-in Self Test (ASIL-D only) are implemented within the PMIC
for latent fault diagnosis. These features remove any need for the TMS570 to take part
in PMIC fault diagnosis. This can save TMS570 MCU resources and reduce system
complexity.
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NXP TI
PMIC TMS570 MCU
Power Supply Power
Voltage Monitor
Watchdog SPI WD refresh
module
FCCU Error Signaling Module
RSTB nRST
Safe
FSXB U GPIO
Fail-safe state
machine

aaa-044286

Figure 5. Functional safety block diagram

FS26, FS45 / FS65 and FS85 integrate Challenge WD, allowing monitoring of the
TMS570 through the serial-parallel interface (SPI).

PMIC FCCU pins can be connected to the error signaling output from the TMS570

MCU. Refer to Figure 6 for recommended FCCU connections. When the PMIC detects a
TMS570 Watchdog failure or error signal, it can reset the MCU with the RSTB pin and/or
set the system into the Safe State through the FSxB pin.

NXP TI
PMIC TMS570 MCU

FCCU1 nERROR

Error Signaling

FCCU FCcu2 Module
10 kQ

10 kQ

aaa-044287

Figure 6. FCCU connection

The FS26, FS45 / FS65 series PMICs have two functional safety outputs, FSOB and
FS1B, used to place the system into the safe state when the MCU cannot respond to

a fault. FSOB and FS1B have two modes configurable by the MCU: Tdelay mode and
Tduration mode. Figure 7 shows an example usage of FSOB and FS1B. FS8500 has only
one functional safety output, FSOB, which can place the system into a safe state.

System failure System failure
FS0B FS0B
Safety State-FSOB activated Safety State-FSOB activated
Fs1B8 FS1B activation Fs18
| aflerTdelay " ~Fs1B release after
Tduration automatically
Tdelay Tduration
Tdelay mode Tduration mode aaa-044288
Figure 7. FSOB and FS1B mode (FS26, FS45 / FS65)
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Refer to Figure 8 for the PMIC initialization process. During initialization, the TMS570
MCU can write to registers in FS26, FS45 / FS65, or FS85, or read their configurations

through SPI or 12C (FS8500 only).

From a functional safety point ot view, FS26, FS45 / FS65 and FS85 have integrated
hardware-ready safety mechanisms. The MCU need not participate in fault diagnosis, but
needs only to check the PMIC diagnosis from a PMIC register and report the fault.

NXP provides free generic software and Autosar drivers for FS26 and FS45 / FS65.
Vector also provides qualified FS45 / FS65 and FS85 Autosar drivers. Contact your NXP
representative for details.

PMIC
RSTB Release

RSTB

PMIC

assert

PMIC
LBIST and ABIST
pass?

Wake up source
check

l

Reset reason check

l

PMIC INIT registers
configure

FSOB and FS1B
cannot be released

l

launch ABIST2

|

PMIC ABIST2
pass?

18t time Watchdog

refresh

|

Watchdog refresh
is good?

PMIC Non-INIT
registers configure

|
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|
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Figure 8. PMIC initialization process
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6 Reference Resources

[1] FS26 overview

[2] FS45 webpage including documentation and tools (Datasheet, Safety Manual,
FMEDA, SW driver)

[3] FS85 webpage including documentation and tools (Datasheet, Safety Manual,
FMEDA, SW driver)

[4] Power Management Community
[5]BYLink System Power Platform
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https://www.nxp.com/products/power-management/pmics-and-sbcs/safety-sbcs/safety-system-basis-chip-sbc-with-low-power-fit-for-asil-d:FS26
https://www.nxp.com/products/power-management/pmics-and-sbcs/safety-sbcs/grade-1-and-grade-0-safety-power-system-basis-chip-with-can-flexible-data-transceiver:FS6500
https://www.nxp.com/products/power-management/pmics-and-sbcs/safety-sbcs/grade-1-and-grade-0-safety-power-system-basis-chip-with-can-flexible-data-transceiver:FS6500
https://www.nxp.com/products/power-management/pmics-and-sbcs/safety-sbcs/safety-system-basis-chip-for-s32-microcontrollers-fit-for-asil-d:FS8500
https://www.nxp.com/products/power-management/pmics-and-sbcs/safety-sbcs/safety-system-basis-chip-for-s32-microcontrollers-fit-for-asil-d:FS8500
https://community.nxp.com/community/Power-Management
https://www.nxp.com/products/product-information/bylink-system-power-platform:BYLINK?tid=FSHBNR_20210804
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7.1 Definitions

Draft — A draft status on a document indicates that the content is still
under internal review and subject to formal approval, which may result
in madifications or additions. NXP Semiconductors does not give any
representations or warranties as to the accuracy or completeness of
information included in a draft version of a document and shall have no
liability for the consequences of use of such information.

7.2 Disclaimers

Limited warranty and liability — Information in this document is believed
to be accurate and reliable. However, NXP Semiconductors does not

give any representations or warranties, expressed or implied, as to the
accuracy or completeness of such information and shall have no liability
for the consequences of use of such information. NXP Semiconductors
takes no responsibility for the content in this document if provided by an
information source outside of NXP Semiconductors. In no event shall NXP
Semiconductors be liable for any indirect, incidental, punitive, special or
consequential damages (including - without limitation - lost profits, lost
savings, business interruption, costs related to the removal or replacement
of any products or rework charges) whether or not such damages are based
on tort (including negligence), warranty, breach of contract or any other
legal theory. Notwithstanding any damages that customer might incur for
any reason whatsoever, NXP Semiconductors’ aggregate and cumulative
liability towards customer for the products described herein shall be limited
in accordance with the Terms and conditions of commercial sale of NXP
Semiconductors.

Right to make changes — NXP Semiconductors reserves the right to

make changes to information published in this document, including without
limitation specifications and product descriptions, at any time and without
notice. This document supersedes and replaces all information supplied prior
to the publication hereof.

Suitability for use — NXP Semiconductors products are not designed,
authorized or warranted to be suitable for use in life support, life-critical or
safety-critical systems or equipment, nor in applications where failure or
malfunction of an NXP Semiconductors product can reasonably be expected
to result in personal injury, death or severe property or environmental
damage. NXP Semiconductors and its suppliers accept no liability for
inclusion and/or use of NXP Semiconductors products in such equipment or
applications and therefore such inclusion and/or use is at the customer’s own
risk.

Applications — Applications that are described herein for any of these
products are for illustrative purposes only. NXP Semiconductors makes

no representation or warranty that such applications will be suitable

for the specified use without further testing or modification. Customers

are responsible for the design and operation of their applications and
products using NXP Semiconductors products, and NXP Semiconductors
accepts no liability for any assistance with applications or customer product
design. It is customer’s sole responsibility to determine whether the NXP
Semiconductors product is suitable and fit for the customer’s applications
and products planned, as well as for the planned application and use of
customer’s third party customer(s). Customers should provide appropriate
design and operating safeguards to minimize the risks associated with
their applications and products. NXP Semiconductors does not accept any
liability related to any default, damage, costs or problem which is based
on any weakness or default in the customer’s applications or products, or
the application or use by customer’s third party customer(s). Customer is
responsible for doing all necessary testing for the customer’s applications
and products using NXP Semiconductors products in order to avoid a
default of the applications and the products or of the application or use by
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customer’s third party customer(s). NXP does not accept any liability in this
respect.

Terms and conditions of commercial sale — NXP Semiconductors
products are sold subject to the general terms and conditions of commercial
sale, as published at http://www.nxp.com/profile/terms, unless otherwise
agreed in a valid written individual agreement. In case an individual
agreement is concluded only the terms and conditions of the respective
agreement shall apply. NXP Semiconductors hereby expressly objects to
applying the customer’s general terms and conditions with regard to the
purchase of NXP Semiconductors products by customer.

Export control — This document as well as the item(s) described herein
may be subject to export control regulations. Export might require a prior
authorization from competent authorities.

Evaluation products — This product is provided on an “as is” and “with all
faults” basis for evaluation purposes only. NXP Semiconductors, its affiliates
and their suppliers expressly disclaim all warranties, whether express,
implied or statutory, including but not limited to the implied warranties of
non-infringement, merchantability and fitness for a particular purpose. The
entire risk as to the quality, or arising out of the use or performance, of this
product remains with customer. In no event shall NXP Semiconductors, its
affiliates or their suppliers be liable to customer for any special, indirect,
consequential, punitive or incidental damages (including without limitation
damages for loss of business, business interruption, loss of use, loss of
data or information, and the like) arising out the use of or inability to use

the product, whether or not based on tort (including negligence), strict
liability, breach of contract, breach of warranty or any other theory, even if
advised of the possibility of such damages. Notwithstanding any damages
that customer might incur for any reason whatsoever (including without
limitation, all damages referenced above and all direct or general damages),
the entire liability of NXP Semiconductors, its affiliates and their suppliers
and customer’s exclusive remedy for all of the foregoing shall be limited to
actual damages incurred by customer based on reasonable reliance up to
the greater of the amount actually paid by customer for the product or five
dollars (US$5.00). The foregoing limitations, exclusions and disclaimers shall
apply to the maximum extent permitted by applicable law, even if any remedy
fails of its essential purpose.

Translations — A non-English (translated) version of a document is for
reference only. The English version shall prevail in case of any discrepancy
between the translated and English versions.

Security — Customer understands that all NXP products may be subject

to unidentified or documented vulnerabilities. Customer is responsible

for the design and operation of its applications and products throughout
their lifecycles to reduce the effect of these vulnerabilities on customer’s
applications and products. Customer’s responsibility also extends to other
open and/or proprietary technologies supported by NXP products for use

in customer’s applications. NXP accepts no liability for any vulnerability.
Customer should regularly check security updates from NXP and follow up
appropriately. Customer shall select products with security features that best
meet rules, regulations, and standards of the intended application and make
the ultimate design decisions regarding its products and is solely responsible
for compliance with all legal, regulatory, and security related requirements
concerning its products, regardless of any information or support that may
be provided by NXP. NXP has a Product Security Incident Response Team
(PSIRT) (reachable at PSIRT@nxp.com) that manages the investigation,
reporting, and solution release to security vulnerabilities of NXP products.

7.3 Trademarks
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trademarks are the property of their respective owners.
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