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ÅMulti-PMIC Solutions

ÅPowertrain & Vehicle Dynamics: 
Solutions

ÅSafety Proven

ÅPortfolio Scalability

ÅElectrification Robustness

ÅSystem Solutions

ÅNext Generation FS-SBCs
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Safe and Secure Mobility

Autonomy Electrification Connectivity

Global Megatrends
NXP to Lead This Industry Transformation

Saving lives: 
90% of accidents caused by human error

Zero emission: 
increasing global regulations

Enjoying the ride: 
One h per day spent in the car
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Domain-Based
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Body & Comfort

In-Vehicle

Experience

Powertrain & 

Vehicle Dynamics

SENSE THINK ACT

Camera

Lidar

Ultrasonic

Cockpit 
Domain 

Controller

Sensor
Fusion

& Planning

Powertrain
Domain 

Controller 

Touch Displays

Body
Domain 

Controller 

Voice Recognition

Radar

HVAC, Interior Lighting

Doors, seats, steering wheel,

mirrors, wipers,  sunroof

Powertrain &

Vehicle Dynamics

eCockpit

Amplifiers

Temp, Light, Humidity

Switch Panels

Motion & Pressure

Speed Engine

Transmission

Brake

Battery Cell Management

Steering

Airbag

Suspension

Connectivity 
Domain 

Controller 
Cellular

WiFi, BT, GNSS, NFC

V2X

Broadcast Radio

Smart Car Access

Connectivity

Driver 

Replacement

Cockpit 
Domain 

Controller

Sensor
Fusion

& Planning

Powertrain
Domain 

Controller 

Body
Domain 

Controller 

Connectivity 
Domain 

Controller 

i.MX 8

S32R2

SAF

Mercury

S32

S32V

S32S

S32

PROCESSOR PMIC

VR5500

VR5500

Safety PMIC

FS84/85

FS84/85 

FS66

Safety PMIC

PF8200
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BENEFITS: PMIC DESIGNED & VALIDATED WITH PROCESSORƅCOMMON REFERENCE DESIGN ƅSOFTWARE

One Processor = One Safety PMIC

S32K FS45

MPC57X FS45/65

FS84 + PF82

FS84 + PF81 
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Multi-PMIC Solutions for System Power and Safety

NXPôs next generation power management: Simplicity of safety power 

management IC family

Unlimited 

combinations
IP Block 

Strategy

Safety 

Feature
Safety 

Feature
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Automotive Safety Power Management Solutions Strategy
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NXP Safety PMICôs DNA

IP Block 

Strategy

Safety 

Feature
Device

Flexibility

Automotive Safety PMIC 12V/24 Battery Connected Automotive Safety PMIC <5V LOW Vin Connected

FS45/6500 FS84/85x0 Next FS Series PF100 PF81/8200 Next PF SeriesFS6600
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System Basis Chip Integrates Power and System Level Features

Simplifying the System
Improving Space, Quality & Overall Cost

Leverage NXP in-vehicle networking expertise

System Power Solution
System Differentation with High Performance MCUs

Attach Strategy and Functional Safety

MCU

CAN + SMPS

Drv

In

LIN

Mini-SBC
Networking 

CAN/LIN SBC
Safety SBC

Application 

Specific SBC

MCU

CAN+LIN+supply

+ monitor

DrvIn

CAN

LIN 

PERIPHERAL MODULES 

DOOR, SEAT, CLIMATE CONTROL, 

SUNROOF,...

GATEWAYS & 

BCM

ADAS

RADAR, CAMERA,

SENSORS FUSION

MECATRONICS

BRAKING

MCU

SMPS/LDO + CAN + 

Functional Safety

Drv

In

LIN

ELECTRIFICATION

BMS, DCDC, 

INVERTER, TCU 

Safe & Scalable SBC

Solutions

MCU

CAN + LDO

DrvMCU

LIN + LDO

DrvIn In
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Powertrain & 

Vehicle Dynamics
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Common Name
Combustion 

Engine

(ICE)

Mild 

Hybrid

(M-HEV)

Full 

Hybrid

(F-HEV)

Plug-in 

Hybrid

(P-HEV)

Range 

Extended EV

(RE-BEV)

Pure Electric 

Vehicle

(BEV)

Example

Ford Mustang Honda Insight Toyota Prius FCA Pacifica BMW i.3 Nissan Leaf 

Combustion Engine

Battery System

Mains Charging - - -

Electric Traction -

10 ï20 kW 15 ï60 kW 40 ï80 kW 40 ï80 kW > 80 kW

Vehicle Electrification: Diversity Of Approaches

LV HV LV HV LV HV LV HV12V 48V12V
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ICE

TCU

BSG

BMS

12V 

P1

P2

P3/P4

BMS

48V 

P0

DCDC

12/48V 

ICE & Mild Hybrid

Drive by Engine

TCU

INV

DCDC

12/HV 

OBC

BMS

HV 

ICE

BMS

12V 

AC/DC

Full & Plug In Hybrid

Drive by Engine & Motor

Motor

Storage Actuation Conversion

Battery Electric Vehicle

Drive Motor

INV

Motor

OBC

BMS

HV 

BMS

12V 
DCDC

12/HV 
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0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

2015 2020 2025 2030 2035 2040 2045 2050

Pure Electric 

Vehicle (BEV)

PHEV

48V 

MHEV

FHEV

SOURCE: STRATEGY ANALYTICS, EVERCORE, NXP CMI

xEV Long Term Market Forecast
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Major xEV 

Components M
C

U

S
B

C

C
O

M
M

D
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A
F

E

Motor control, 

inverter, HCU

DC/DC voltage 

domain converter 

On-board charger

AC/DC converter

Battery 

management 

system

48V eMachine 

(BSG, ISG, HVAC)

Efficient Powertrain and Energy Management
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Energy Storage ïConversion ïActuation
Electrification & General Purpose Safety Power Management

CAN

FAIL SAFE

Low Power

12V DCDC 

0.8A ï1.5A

CAN FD / LIN

FAIL SILENT

12V DCDC

+ DCDC 0.8AMC33907/8

FS650x

Secured & Safe System Solutions 
Å ISO26262 architecture (TUV SUD proven)

Å Functional robustness (non ISO pulse, EMC, HTOL)

Å Security (SM transition and Power Gate)

High Efficient Solutions
Å Target 12 V, 24 V, 48V (application note)

Å DCDC & LDO architecture (Vpre + Vcore)

Å Ultra low power modes (low Iq, long dur. timer)

Safety Simplified Solutions
Å ISO26262 ready documentation

Å System validation test (eFAST)

Å Global ecosystem (incl HW & SW)

Gen 1
MPC56x ATTACH

Safety / Chassis

Production

Gen 2
MPC57X ATTACH

Same FS45 / FS65 platform, pin to pin and SW compatible

Grade0 and Grade1 Qualified ïProduction 

V
a

lu
e

 

P
ro

p
o

s
it

io
n

CAN FD / LIN

FAIL SILENT

12V DCDC + 

LDO 0.5A

FS4500

CAN FD / LIN

FAIL SILENT

12V DCDC 

+ DCDC 1.5A

FS651x

CAN FD / LIN

FAIL SILENT

12V DCDC 

+ DCDC 2.2A

FS652x

FAIL SILENT

EXT. 

MONITORING

LPOFF

12 DCDC 

+ DCDC / LDO

FS66

Gen 3
S32S 

ATTACH
12/24V driven

Long Duration

Timer

Long Duration

Timer

Long Duration

Timer

Long Duration

Timer
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Electrification FSBC NXP Designs: Where & Why?
> 60 customers, 16 Applications 

30% DW in Energy Storage

in BMS 

14% in Energy Conversion

in DCDC and BSG

55% DW in Energy Actuation

in Inverter, TCU

75% DW w 2nd Generation FSBC

FS45 and FS65

First DW with FS85 and FS66 

on 24V BMS and Inverter

24% DW w 1st Generation FSBC

PowerSBC (MC33907, 33908)
FSBC Driving factors

1. SAFETY PROVEN
- MCU agnostic

- Self independent Monitoring

- Fail Silent (3 generations) 

2. FAMILY SCALABILITY
- Pay what is needed

- Pin to pin & SW scalable

- Power & System Segmentation

3. SYSTEM BASE SOLUTIONS
- Low Power Strategy (LDT)

- Trackers & 1% Accuracy

- Grade 0 capability (Robustness)
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Safety Proven
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SET SYSTEM RISK CRITICITY (HAZARD ANALYSIS) ASIL A, B, C or D

DEFINE SAFETY GOALS

IMPLEMENT MEASURES TO REDUCE RISK OF FAILURE
DIFFERENT TYPE OF FAILURES

Avoid SYSTEMATIC FAILURES
during development

Å Process

Å Safety management

Å Best practices

Å Lessons learned

Å Verification & validation

Avoid RANDOM FAILURES
during operation

Å System safe state

Å Safety architecture

Å Quantitative & qualitative analysis

Å Documentation

Car OEM

Tier1 &

Silicon

Reduce Risk: Track and Understand Failures
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ÅTechnical Safety Concept

Å Technical Safety Architecture

ÅASIL Classification of Functions

ÅHW / SW design 

Tier 1

ÅHW / SW ñproductsò

Tier 2 Supplier - NXP

OEM
Å Item definition

ÅHazard analysis and risk assessment

ÅSafety Goals

ÅFunctional Safety Concept

Safety 

Requirements 

DIA

Safety Manual

Safety Analysis

Product Safety Mechanisms 

(implemented in offering, described in 

Safety Manual, quantified/qualified by

Safety Analysis)

Development Process & Methods

NXP focuses on Safety Element Out Of Context (SeooC)

Safety Manual

Safety Analysis

HW

Component  

Developed as  

SEooC

Reference ISO 26262-10:2012Applicable to Component developed as SEooC

SW 

Component  

Developed as  

SEooC

I

S 

O

2

6

2

6

2

Q

U

A

L

I

T

Y

Functional Safety - Vmodel & Responsibility

Safety 

Requirements 

DIA
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- QM or ASILx

- Impact Analysis

- Safety concept

- Safety reqs.

- Safety archi.

- Safety plan

- DIA (if needed)

- Safety Assessment plan

- SW tool criteria Eval.

- Verification Plan (inc. safety)

- Confirmation review Safety Plan

- Confirmation review SW tools

- Functional Safety assessment 1

- Safety analysis (FTA, DFA, FMEDA)

- Confirmation review Safety Analysis

- Functional Safety assessment 2

- Safety assessment 3

- Confirmation review

Safety case

NXP Auto BCaM7 Process Fully Compliant with ISO 26262: 

2011
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NXP ISO 26262 INNOVATIONS 
Lessons Learned and Continuous Improvement

System Validation 
- eFAST : OEM Non ISO Pulse

- HW Fault Injection Test

- FS65 Safety Behavioral Model

- FIT verification through Model

Customer Support
- Documentation (FMEDA, SM)

- Reference Design & AN

- SW Production ready

- System Solutions (RADAR, é)

Product Architectures
- Fail Safe (qualified, certified)

- Fail Silent (qualified, certified)

- Fault Tolerant Systems

Product Requirement Mgt
- OEM workshops 

- Lessons learned

- System Safety Goal Translation

- Fail Operational analysis and solutions

Verification
- Automated Traceability Matrix (NPI360)

- Virtual Test

- Fault Injection Simulation 

Product Definition
- Doors (SoC & IP)

- Standardized Fail Safe State Machine

- Common chassis safety platform 

- Safety Behavioral Model

- available

- planned
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Automotive Functional Safety ïOrganization Setup

CEO

Rick Clemmer

BU Auto

Kurt Sievers

BL AAA FuSa Manager

CTO

Lars Reger

Auto MarComQuality

BU Auto 

QA

BU Functional 

Safety

BL AMP FuSa Manager BL IDA FuSa Manager BL SEN FuSa Manager
BU FuSa Assessors *

BL AAA BL AMP BL IDA BL SEN

Assessors *

*Assessment with independence level 3

FuSa: Functional Safety

BU: Business Unit

BL: Business Line

QA: Quality

QAOfficer
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SafeAssure Community 
Public Space for knowledge 

distribution and industry-wide news

here 

SafeAssure NDA
Private NDA space for customer to 

access safety documentation

here

Support
Safety Expert Group composed of 

Safety Managers and Architects, Field 

and Application Engineers

Self Sufficient
Community users find answers to their questions an safety documentation requests

SAFEASSURE COMMUNITIES
Customer Support for Functional Safety
SafeAssure Community

Customer support for Functional Safety

https://community.nxp.com/community/safeassure-community
https://community.nxp.com/groups/safeassure-nda
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SET SYSTEM RISK CRITICITY (HAZARD ANALYSIS) ASIL A, B, C or D

DEFINE SAFETY GOALS

IMPLEMENT MEASURES TO REDUCE RISK OF FAILURE
DIFFERENT TYPE OF FAILURES

Avoid SYSTEMATIC FAILURES
during development

Å Process

Å Safety management

Å Best practices

Å Lessons learned

Å Verification & validation

Avoid RANDOM FAILURES
during operation

Å System safe state

Å Safety architecture

Å Quantitative & qualitative analysis

Å Documentation

Car OEM

Tier1 &

Silicon

Reduce Risk: Track & Understand Failures
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SPFM

LFM

PMHF

FMEDA

Operating Life test coverage

+

FIT rate per IEC TR 62380

Application mission profile

SafeAssure 

NXP ïRobustness and Safety

Customer

ISO 26262 ïASIL D PROVEN ASIL B ASIL C ASIL D FS45/65

PMHF ï

random HW failure

<10-ϒ <10-ϒ <10-8 0.721 10-9

SPFM >90% >97% >99% 99.3%

LFM >60% >80% >90% 96.9%
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Vpre

From Vsense

External and Internal Analog Paths

SBC

VSENSE

VSUP3

VSUP2

VSUP1

PRE-REGULATOR

Power Management Domain

Monitoring Unit

Internal 

Clamp 

Main
Ref. Voltages 

Power 

Management

Internal 

Clamp

FS
Ref. Voltages 

Monitoring Unit

Vpre

RSTb_dig

FS0b_dig

RSTb

FS0b

From Vsense

Power Management Domain

Monitoring Unit

Internal 

Clamp

FS

From Vpre or VSUP3

From Vpre or VSUP3

ÅExternal and internal analog 
path redundancies

ÅFail safe output supplied by 
redundant and independents 
analogs paths
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MCU + FSBC Fit for ASIL D Backbone
HW & SW added values for fail silent requirements

Independent Fail Safe State 

Machine

Å Physical & Electrical

independance to fit for ASILD

Å Power Management Monitoring 

Unit (UV / OV)

Å Analog & Digital Built In Self Test 

to minimize Latent Faults

Å Own Reference & Supply to 

Reduce Common Cause Failure

MCU Monitoring 

Å FCCU : Fault Collection Control 

Unit

Å Monitor Dual Core Lock Step

Modes MCUs

HW Redundancy

Å Vcore external Monitoring

Safety SBC - FS65

Advanced Watchdog

Å Challenger 

Å Replace external MCU 

Monitoring 

Fail Safe Pin (FS0b) : 

Å Redundant System Fail Safe 

enabler

Å Second Fail Safe pin to assert 

safety path with configurable 

delay after failure

RSTb ïFail Silent Mode

Å Configurable RSTb activation 

giving more system availability

Safety MCU

All safety mechanism reaction are < FTTI < 10ms

FTTI = Faul Tolerant Time Interval
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Digital Architecture Of Monitoring Unit

ÅTriplication of safety registers with majority voter 
(e.g. WD period duration)

ÅDesign structure to avoid erratic activation of 
safety outputs (e.g. FS0b)

ÅECC for fuse

ÅDetection and correction of 1-bit flip (SPI registers 
of Monitoring Unit)

ÅDetection of 2-bits flips (SPI registers of 
Monitoring Unit)

ÅLBIST to reduce Latent Fault

Several mechanisms are implemented to avoid a bad interpretation of a bit flip (SEU):
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Dependability: Safety vs Availability
Qualitative Analysis ïEnabling Fail Silent Operations

1. CONFIGURABLE RESET at SAFE STATE 

activation to enable MCU Diagnostic.

2. CONFIGURABLE SAFE STATE, independently 

for each failure with 2nd Fail Safe output.

3. HIGH AVAILABILITY : No MCU shutdown in 

case of multiple failures.

4. SMART DEGRADED MODE : Application is 

failing with safe and available operation


