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Vehicle Electrification Landscape

and NXP Strategy
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Safe and Secure Mobility

driving increased electronics innovation and semiconductor value per car

Autonomy Electrification Connectivity

Mega Trends Driving Growth
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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 – 20 kW 15 – 60 kW 40 – 80 kW 40 – 80 kW > 80 kW

Vehicle Electrification: Diversity of Approaches

LV HV LV HV LV HV LV HV12V 48V12V
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Key differentiation points

• Efficient system BOM

• Inherent functional safety

• Scalable system & SW

• Power efficient operation

NXP Electrification Strategy
Efficient system platforms for optimizing power system control
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NXP Electrification Strategy
Efficient system platforms for optimizing power system control

Electrification

Portfolio
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Motor control

(inverters, HCUs)

DC/DC voltage 

domain converter 

On-board charger

AC/DC converter

Battery management 

system

48V eMachine 

(BSG, ISG, HVAC)
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Efficient Electric Vehicle Power Control by NXP

Leveraging leadership portfolio in power control

Creating xEV power control system reference platforms

New xEV ASIL-D 

Power Inverter 

Control Platform

Battery Management 

with State-of-the-Art 

Cell Charge Control
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Traction Motor

Power Inverter 

Reference Platform
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Anatomy of EV Power Drives
• Traction motor power inverter converts DC power from high 

voltage battery to high current multi-phase AC power

• Output power & power density efficiency critical with >300 V 
typical battery voltages

• Output power requirements ranging from 80 kW to 200+ kW

• Functional safety requirement at ASIL-C/ ASIL-D

DC Link

Capacitor
HV Battery

(300V – 800V)

HV Inverter

BMS

Controller

300V – 800V

DC Link

Capacitor

Resolver

Current

Sense

HV DC 

Battery

U

V

W

Traction 

Motor 

Inverter

Controller

IGBT 

Power 

Module
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DC Link

Capacitor

HV Inverter

DC Link

Capacitor

Resolver

Current

Sense

U

V

W

Traction 

Motor 

Inverter

Controller

IGBT 

Power 

Module

NXP EV Traction Motor Power Inverter Solution
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Differentiation

• ASIL C/D compliancy with small, compact 9 IC system footprint 

• Robust fail-silent SBC with operation from 36V down to 2.7 V

• Secure multi-core 32-bit lockstep MCU w/ eTPU & SW RDC

• Functional safety case and enablement software with API

• <2us iSense compatible 2 level IGBT OC protection w/ soft shutdown

Features

• Efficiently drives 100 kW 3-phase motor from 400 V supply

• Integrated galvanic signal isolation in IGBT gate drivers

• Redundant CAN bus interface with low-power standby

• Primary & backup battery inputs w/ no negative gate driver supply

• Supported by S32DS SDK w/ MCAL drivers

Applications

• xEV motor power inverters

• HV UPS power inverters

• Alternate energy power inverters

Small footprint 400 V 100 kW power inverter platform with secure multi-core 32-bit lockstep MCU, 

ASIL D compliant fail-silent safety case software, and fast two-level IGBT over-current protection

PART # PKG Footprint RELEASE

FS65xx Safety SBC w/ fail silent 48p LQFP 9 x 9 mm Now

MPC5775E 32-bit MCU w/ eTPU 416 MAPBGA 27 x 27 mm Now

TJA1044 CAN FD w/ Standby SO8 4.9 x 6 mm Now

GD3100EK Gate Driver (x6) SOICWB32 10 x 18 mm 1Q’19

EV Traction Motor Power Inverter Reference Platform
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Primary Components

• GD3100 isolated IGBT gate driver with 

<2us over-current protection

• MPC5775E advanced motor control 

ASIL-D MCU with software resolver

• FS65 robust ASIL-D SBC with fail-silent 

and Grade 0 capabilities

• TJA1042 redundant CAN bus interface 

with low power standby

• System enablement software with API 

and functional safety case

EV Traction Motor Power Inverter Reference Platform
Small footprint ASIL-D 100 kW power inverter enablement
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EV Traction Motor Power Inverter Reference Platform
Small footprint ASIL-D 100 kW power inverter enablement

Safety Deliverables

• ASIL-D compliant safety case manual

• Component & interoperability FMEDA

Hardware Deliverables

• ASIL-D platform design

• Reference prototype

• Performance report

• Block diagrams

• Schematics and Layouts

• Application notes

Software Deliverables

• Auto quality Class-B platform SW

• Optional NXP safety SW

• Optional AUTOSAR MCAL drivers

• Proof-of-Concept demo application SW

• SW user guides

• S32DS SDK & Code Warrior eTPU compiler



COMPANY PUBLIC 14

LEGEND

Application 

Layer

API Layer

Abstraction 

Layer

Evaluation Application

FOC Motor Control 

with SW Resolver

MCU ABSTRACTION DRIVER

(NXP SDK)

HW MPC577x

PLATFORM Motor Control APIs

SYSTEM SERVICES 

(RTOS, Communication,

Memory, manager, etc.)

Motor Control 

Library
Application 

Platform APIs

Inverter 

Safety 

Mechanism 

Library

Safety

MCU SDK

CAN SPI

Advanced motor control from partner or customer

Advanced 

calibration

Model base 

control

Inverter Safety 

Manager Library 

IO

Torque 

monitoring

Timer

FS65xx GD3100 TJA10xx
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Reference Platform Application and Safety Software Library

Custom calibration & Model-

based services (VEPCO)

Add on SAFETY Library 

& Services (NXP)
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Power Inverter Reference Platform Roadmap Considerations

400 V 100 kW 

3-phase motor

inverter power 

control platform

Higher voltage (600 / 800 V+) 

silicon carbide MOSFET

Combo DC/DC, 

Dual motor control, 

6 phase motor control

Alternate control components 

or Si IGBT modules

Next gen

Fuji Si IGBT

• MPC5775E

• FS6512

• GD3100

• TJA10 xx

• Fuji M653 Si IGBT module

• ASIL-D compliant

• New MCU (S32xx) with more compute 

for Fail Operational

• MPC5744 / MPC57xx

• Infineon HybridPack or other Si IGBT module

• Silicon Carbide (SiC) MOSFET module

• New GD31 SiC SiC MOSFET Gate Driver

• MPC5775E or S32xx MCU

• MPC5775E or S32xx MCU

• GD3100 or GD3101 Gate Driver
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Traction Motor Inverter Prototype
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Traction Motor Power Inverter Prototype Partnership

Partner Responsibiity

• Power control components

• Reference design platform

• System enablement driver software

• Safety case and software

• Software development and SDK

• Platform system engineering and development

• Prototype development

• Contract system engineering services

• IGBT power module
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EV Traction Motor Power Inverter Prototype

Inverter Control Target
• 3-phase BLDC/PMSM motors

• Peak power: >100 kW

• Top speed: 10k rpm

• Continuous  current: >200 A, rms

• Peak current: >400 A, rms

• Min DC link voltage: > 250 VDC

• Max DC link voltage: 420 VDC

• Power efficiency: >95%

• Inverter mechanical envelope
− 280 mm x 280 mm x 140 mm

− < 10 kg

Power Driver 

Board
6x GD3100

6:1 Si IGBT 

Power Module
Fuji Electric M653

Torque vs Velocity

Companion traction motor
• 3-phase 8-pole PMSM motor

• Peak power: 120 kW

• Peak torque: 220 Nm

• Peak current: 400 A, rms

• Top speed: 12k rpm

• Motor mechanical envelope

− OD280 mm x 300 mm 

− ~55 kg

Control Board
MPC5775E 

FS6512

TJA1042
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VEPCO Platform Support & Engineering Services

Power Inverter Platform

• Apply NXP hardware, software and toolchains to vehicle motor control

• Setup and training on the use of Platform

• Introduction on safety concept of the Platform

Customization and advanced support

• Advance power inverter design principle to different vehicle 

architecture and topology needs

• Participate customer’s packaging design and integration analysis

• Premium support over design of complete eDrivetrain system

• Facilitate customer ISO 26262 functional safety related activities in 

system design, development, validation and integration cycle

• Work with agencies on design and development process certification

Value-added services:

• Calibration and tools integration

• Application level integration with advanced auto code generation tools

• Engineering software and tools

• Dyno and Hardware-in-the-loop testing
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Power Inverter Platform 

Functional Safety Enablement
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Exposure ControllabilitySeverity

ASIL

How often is it 

likely to happen?

Can the hazard 

be controlled

How much 

harm is done?

Quantify A Risk: Automotive Safety 

Integrity Level (ASIL) Definition
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Safety 

Assessment

Severity

Exposure

Controllability

ASIL D D B B

Defining System Safety Goals for Possible Traction Hazards

Unintended self 

acceleration while stopped

Unintended reverse wheel 

speed while stopped or parked

Unintended loss of 

torque while driving 

(overtaking)

Unintended over torque 

while driving

Possible 

Hazard

Identification

• Driver presses gas pedal

• Vehicle Control Unit (VCU) sends acceleration request to power inverter

• Power inverter converts proportional energy from battery to motor/wheels

Desired 

Traction 

Operation
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Functional Safety System Definition Summary

Safety Concept #1

Acceleration/braking 
command must be 
correctly received, 

calculated and 
measured

• Hardware safety mechanism FS65, MPC5775E and GD31: 
Each ASIL D NXP components provide 99% diagnostic coverage

• Inverter safety mechanism library:
Provides system failure diagnostic to safety manager

• ASIL D processing with MPC5775E + FS65: 
Guarantees failure detection and system processing reaction

Safety Concept #2

Correct reaction of 
safety manager 
based on fault 

condition

• Inverter safety manager library: 
Reaction table and implementation of right safe-state based on fault

• ASIL D processing with MPC5775E + FS65: 
Guarantees failure detection and system processing reaction

Safety Concept #3

System design 
guarantees correct 
safe-state even with 

MCU failure

• GD31 safety logic + FS65: 
Guarantees system safe-state during control failure

Key requirements and challenges for a safe EV power inverter
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Mapping Functional Safety to Technical Safety Requirements

Safety concept for each 

functional block includes:
• Technical operational requirement

• Technical safety requirement

• Reaction and safe state for safety manager

TSR_ CUS _004: [CURRMEAS_OOR_ERR] 

– out of range measurement error

TSR_ CUS _00: [CURRMEAS_PLAUS_ERR]

– measurement plausibility
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Key Safety Concepts of Power Inverter Components
• ASIL D gate driver guarantees fast protection of IGBT 

• ASIL D gate driver fail safe pins providing redundant 
gate control

• IGBT Vge monitoring to verify communication from 
PWM to IGBT gate output

• Safe state logical connection of FSBC, MCU and 
GD3100 safety IO to guarantee correct safe-state

• MCU monitoring by FSBC to detect HW and SW fault

• ASIL D position sensing with independent eTPU
resolver and eTPU diagnostic software

• ASIL D phase current with 3 current senses

• Software ASIL D decomposition to reduce software 
complexity (execution and monitoring)

• VCU command monitoring to guarantee integrity of 
communication

Inverter Safety 

Concept Library

Inverter Safety 

Manager Library 
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HV Power Inverter Functional Safety Enablement 

POWER INVERTER PLATFORM

SAFETY ENABLEMENT

Functional safety concept Safety library HW proof of concept

• Item definition

• HARA analysis

• Safety goals

• Functional safety 

requirement

• Technical safety 

requirement

• Safety mechanism

• Training

• Open whitepaper

• Implementation of SW 

safety mechanism

• Implementation of HW 

safety mechanism

• Testing report

• Partial FMEDA analysis

For helping achieve ASIL-D based on system safety goals 
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Key Power Inverter Module 

Platform  Components
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HV Power Inverter Reference Platform Components

Leadership ASIL-D

Certified MCUs

Smart, flexible 

Fail-safe SBCs

FS65

Traction Motor

Inverter Systems

Advanced Si IGBT 

Power module 

Integrated Isolated HV 

IGBT gate driver
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GD3100 IGBT Gate Driver with High Voltage Isolation

Features:
• Fast short circuit protection via IGBT i-Sense direct feedback

• High speed over current protection with soft shutdown

• Redundant PWM gate control signal paths

• IGBT Vge monitoring for IGBT gate control verification

• SPI for ASIL C/D monitoring/reporting and programmability

• Temperature sense soft shutdown for system protection

• Integrated galvanic signal isolation 

• Compact 10 x 18 mm SOIC package for reduced PCB area

Applications:
• EV traction motor inverters

• HV UPS inverters

• Alternate energy inverters
32-Pin

SOIC-WB

PART # PKG SAMPLES RELEASE

MC33HB3100EK SOICWB32 NOW (P2.2) 4Q’18

Logic Block 1

SCLK

CSB

MOSI

MISO

SPI

PWM

FSSTATE

INTB

Config, DT Control,
Cross Conduction,
Flt Management, 

Safing

VSUP

TSENSEA

AMC

GH

VEE 

(2 pins)

DESAT

GND1

(2 pins)

GND2

(2 pins)
RX TX

INT

DATA_IN

DATA_OUT

PWMALT Serial
Comm

GL

RX TX

Logic Block 2

CLAMP

ISENSE

TEMP IGBT

AMUXIN

TX RX

NC13

PWM

TX RX

TEMP IC

AOUT
Duty Cycle 
Encoder

VCC

VREF

(5 V, 1 %, 

20 mA)GND2

VCCREG

AMUX & 
10-bit 
ADC

VCC

Serial
Comm

Fault 
Management, 

Conf. 
Registers,

fault registers,
Gate control 

logic,
ASIL test 
control

FSENB

VDD

Gate Drive 

Control

Active Vce 
Clamp, 
Desat

Charge and 
Discharge 

Control

Active Miller 
Clamp

IGBT 
Current 
Sense

Safing 
Logic

Deadtime 
Control

IGBT Temp 
Sense

Power 

Management 1
VCCLV,

Bandgap,

References,

Oscillators

UV/OVLO, etc.

Power 

Management 2
VCCHV,

Bandgap,

References,

Oscillators

UV/OVLO, etc.

NC2

FSISO

INTB/
VGEMON

Advanced gate driver for high voltage power IGBTs with integrated high voltage isolator, 

high speed current sense interface and robust functional safety mechanisms
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MPC5775E MCU for Power Inverter Control

Cores 
• Two independent z7 dual issue 264 MHz cores 

̶ Including VLE, SPE1.1, FPU , MMU

̶ 16 kB i-cache & 16 kB data-cache w/ coherency

• Single z7 264 MHz lockstep core

• Integrated security w/ PASS, TDM (Tamper Detection), & CSE2 (Crypto)

Memory
• 4.25 MB Flash RWW w/ ECC (including 4 x 64 kB EEPROM)

• 512 kB SRAM w/ ECC (up to 48 KB standby)

• 45 kB eTPU RAM , 32 kB data cache (w/ line locking)

I/O & System
• Up to 70 ch eQADC from 4 converters w/12-bit resolution

̶ On-chip temperature sensor and VGA (x1,x2,x4)

̶ 12 x Decimation Filters w/ hardware knock integrators

• Timers – up to 128 channels (96 ch eTPU2+ and 32 ch eMIOS)

• 2 x 64ch eDMA support (128ch total)

• 6 x CAN ports (4 x FlexCAN + 2 x MCAN) and Ethernet

• DSPI – 5 channels (2 supporting µSec ch.)

• eSCI – 6 channels (2 supporting uSec ch.)

• Reaction module w/ 8 channels for current control

• Up to 12ch SENT

• 1 x CRC unit – w/ 3 independent channels, 

• 4 x protected port outputs,  MPU  and MMU

• FMPLL + PLL

• Safety Monitors – e2eECC, CLK, Voltage, Fault Collection

COMPUTATIONAL SHELL

4.25MB Flash
(4x64kB EEPROM)

512k SRAM
(48k Standby)

SRAM 

Control

CACHE
16k D-Cache

16k I-Cache

VLE

FPU

MPU

Cross Bar Switch with ECC

STM

INTC

SWT

DEBUG

Flash Control

MMU

Bridge

B

Bridge

A

DTS

MMU

Nexus 3+

JTAG

PowerPC™

e200420

e200Z7 lock-step

STM

INTC

SWT

2 x eTPU2+

16ch eMIOS

FCCU

3 x eSCI

2 x DSPI

CMU

(I) Glitch Filter

1 x eQADC

PMU

2 x SIUx

1 x MCAN-FD

2 x FlexCAN

Confidential and 

Proprietary
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64ch eDMASPE1.1

16k D-Cache

16k I-Cache

VLE

MMU

FPU

SPE1.1

e200Z7

(dual issue)
e200Z7

(dual issue)

SRAM 

Control

64ch eDMA

Ethernet

SECURITY

CSE2

SENT

Available in 416 MAPBGA package with -40 to 125C Ta operating range

FS651x 

Attach

Advanced motor control ASIL-D MCU with software resolver
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FS65 Safety SBC Safety Monitoring Capabilities

Independent Fail Safe 

State Machine
• Physical & electrical independance

to fit for ASILD

• Power management monitoring 

unit (UV / OV)

• Analog & digital built in self test to 

minimize latent faults

• Own reference & supply to reduce 

common cause failure

Fail Safe Pin (FS0b) 
• Redundant system fail safe enabler

• Second fail safe pin to assert safety 

path with configurable delay

Advanced Watchdog
• Challenger 

• Replace external MCU monitoring 

MCU Monitoring 
• FCCU: fault collection control unit

• Monitor dual-core lock-step modes

RSTb – Fail Silent Mode
• Configurable RSTb activation giving 

more system availability

HW Redundancy
• Vcore external monitoring

Safety SBC

FS65

Safety

MCU

Robust ASIL-D SBC with fail-silent and Grade 0 capabilities
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Summary
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Reference Platform Design to Fit Customer Needs

HW proof of concept Design Specification On-site dyno testing

Functional safety conceptSoftware enablement Functional safety library

Inverter Design and Motor 

design customization

Custom motor calibration



COMPANY PUBLIC 34

NXP EV Power Drive Solution Summary

• Enabling electric vehicle power control with system 

enablement platforms leveraging its comprehensive portfolio 

• Power control reference platform for EV traction motor 

power inverter application development

‒ MCU MPC5775E

‒ Safe SBC FS65

‒ High voltage gate driver GD3100

‒ System and ASIL-D functional safety enablement

• Traction motor power inverter prototype 

for platform performance evaluation

• Contract engineering services from partner Vepco

‒ Reference platform customization 

‒ traction motor engineering development
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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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Other Sessions of Interest

TUESDAY

Session Code Title Presenter CoPresenters Duration Room Start Time

AMF-AUT-T3351
Electrification—Functional Safety Backbone 

Solutions to Attach with S32
David Lopez

Vincent 

Lagardelle
2 Galilee (Main Floor) 2:30 PM

Session Code Title Presenter CoPresenters Duration Room Start Time

AMF-AUT-T3352
Automotive—Safety Power Management 

Solutions for Car Electrification and ADAS
David Lopez

Vincent 

Lagardelle
2 Galilee (Main Floor) 9:00 AM

AMF-AUT-T3402
Attach PMIC Offerings for NXP's Next-

Generation Gateway Processors

Vincent 

Lagardelle
David Lopez 1 Galilee (Main Floor) 11:00 AM

AMF-AUT-T3349 IGBT Gate Driver for Electric Power Inverters Bruce Bohn 1 Galilee (Main Floor) 1:30 PM

AMF-AUT-T3358 Battery Management Solutions Peter Pinewski 2 Galilee (Main Floor) 2:30 PM

WEDNESDAY
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