Application Brief
Functional Safety Compliant Power Design for
Automotive Functional Safety Microcontrollers
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Introduction

Automobiles and industrial systems are trusted to keep occupants and users safe when in use. To regulate the
criteria around keeping occupants and nearby bystanders safe from harm when a vehicle is in use, 1ISO26262
standards have been developed. This standard determines how an automotive system can operate in a given
failure condition to protect and reduce the direct and indirect risk of injury to users and third parties. One aspect
of protecting users in the case of systemic failure is designing the behaviour of the system during failure to

be predictable and deterministic. Developing predictable behavior during catastrophic failure requires functional-
safety microcontrollers, such as those offered by Texas Instruments, to have specified functions, reliability, and
testing to operate critical system functions. The need of predictable behaviour for these specialized functional
safety microcontollers has developed the necessity of power architecture that is also compliant to functional
safety system standards such as 1ISO26262. One form of power architecture can be found in the form of
functional-safety compliant power management integrated circuits (PMICs).
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Figure 1. Example of a FS PMIC and Buck Powering a Functional Safety MCU
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Application

Without reliably powering a functional safety microcontroller during a catastrophic system failure, the
microcontroller is not effective at reducing risk. This leads to the development of power management devices
which contain design elements that enable the PMIC to fail-safe in multiple potential failure scenarios.

However, with increasingly higher power requirements of functional safety microcontrollers, there is a growing
need for higher compute-core power delivery, often demanding more current than modern multirail power
management devices can offer on a single rail. Instead, by using the PMIC buck-boost preregulator to power an
automotive-qualified, high-efficiency buck converter, greater current can be delivered to the core of the functional
safety microcontroller, enabling a system that can meet 1S026262 ASIL-D standards.

The TPS653860-Q1 is the latest offering from Tl for functional safety PMICs and includes two external voltage
monitors that can monitor external voltage rails, such as the core rail of the functional safety microcontroller.
The microcontroller is powered by a high-efficiency buck converter. As the device is intended for use in safety-
relevant applications, additional monitoring and protecting features are included that improve the diagnostic
coverage and decrease the undetected fault rate.

Since this system is always connected to the battery of the vehicle and can be always powered on, low
quiescent current is required. Tl automotive buck switching regulators are an option for microcontroller rails that
can always be powered. Some bucks feature industry-leading low quiescent currents, reaching as low as a few
microamperes.

Efficiency is a key performance characteristic for evaluating the application effectiveness of a system. Most
of the lost energy in electrical systems is converted into heat. Several devices under load in a constrained
space can lead to self-heating which can result in thermal stress on a system. This results in greater thermal
performance requirements of the devices in a system. In automotive settings, this is a concern as more
automotive electrical systems have higher power requirements every year and automotive use cases can be
subject to extreme ambient temperatures.

Any integrated circuit can fail to perform if the thermal conditions of the application cause the system to enter
thermal shutdown. Tl offers power management devices in AEC-Q100 grade 1 and grade 0 variants. Normal
operation is from -40°C to +150°C and -40°C to +175°C, respectively. Some buck offerings from Tl are qualified
at AEC-Q100 grade 1, but are also verified in testing to operate from -40°C to +175°C.

Table 1. Tl Functional Safety PMICs for Functional Safety Microcontrollers

TI PMIC GPN Rggr;z:;d Tl Functional Safety Category Features Qﬁiﬁf-iglt?:n
TPS653850A-Q1 5 Functional Safety Compliant | Multirail ggg’rﬁgsfggﬁﬁéa?ﬂ?g :\gfus with Grade 1
TPS653851A-Q1 5 Functional Safety Compliant | Multirai ggg"rﬁ;ffgg”(,{ﬂoéa‘;‘fﬁg :\gfus with Grade 0
TPS653852A-Q1 5 Functional Safety Compliant | Multirai ggg”n?;\st‘gg'y(;;’&j?fl‘?g :\Q;:US with Grade 1
TPS653853A-Q1 5 Functional Safety Compliant MuItirgiggg\xe;'/gu;?(ljyrgratsigie%lli/ln(t:éJrs with Grade 1
TPS653854A-Q1 5 Functional Safety Compliant M“”gggg;‘“l’% Sr;ﬁ‘;'r’]’ df‘;;tsae;ifg;yc'\gfntf:rwnh Grade 1

TPS653860-Q1 7 Functional Safety Compliant M“'tzi_rgi'/ fg‘gg(f\‘jﬂpgg zi‘;ituyt “fﬁiif”“h Grade 1
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Table 2. Automotive Bucks for Functional Safety Microcontroller Core Power

Tl Buck GPN Input Voltage Range Outp;;r:g);tage Co::g:ntt Features Ql.l\.lliza(l\;f-ig;t?:n
TPS62903-Q1 3-18V 0.4-5.5V 3A QFN wettable-flanks package Grade 1
TPS62993-Q1 3-10V 0.4-5.5V 3A QFN wettable-flanks package Grade 1
TPS62902-Q1 3-18V 0.4-5.5V 2A QFN wettable-flanks package Grade 1
TPS62992-Q1 3-10V 0.4-5.5V 2A QFN wettable-flanks package Grade 1
TPS62901-Q1 3-18V 0.4-5.5V 1A QFN wettable-flanks package Grade 1
TPS629210-Q1 3-17V 0.4-5.5V 1A Leaded SOT583 package Grade 1
TPS629211-Q1 3-10V 0.4-5.5V 1A Leaded SOT583 package Grade 1
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TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you
will fully indemnify Tl and its representatives against, any claims, damages, costs, losses, and liabilities arising out of your use of these
resources.

TI's products are provided subject to TI's Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with
such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable warranties or warranty disclaimers for
TI products.

Tl objects to and rejects any additional or different terms you may have proposed.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2024, Texas Instruments Incorporated


https://www.ti.com/legal/terms-conditions/terms-of-sale.html
https://www.ti.com

