
PUBLIC USE

CHRIS BOYCE

HEAD OF MARKETING AND BUSINESS DEVELOPMENT, 

NXP POWERMOS BUSINESS LINE

FTF-AUT-N1888

MAY 18, 2016

POWER MOSFETS IN 

AUTOMOTIVE APPLICATIONS 



PUBLIC USE1 #NXPFTF PUBLIC USE1 #NXPFTF

AGENDA

• PowerMOS Background and Introduction

• Portfolio Overview

• Package Focus – LFPAK

• Strategic Roadmap and Silicon Overview

• System Solutions

• Tools and Information
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POWERMOS 

INTRODUCTION
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Structured For Success
Security and Connectivity

Digital Networking

Best-in-class security, contactless 

performance and the most complete 

solutions to produce unmatched 

mobile and IoT solutions

High-performance multicore 

solutions that transport, analyze 

and secure data from the edge 

of the network to the cloud 

Automotive

RF

Sensor and processing technology 

driving all aspects of the secure 

connected cars of today and the 

autonomous cars of tomorrow

Solutions spanning the smartphone, 

wireless infrastructure, broadcast, 

medical, mobile radio, military, aviation, 

cooking and industrial markets

Standard Products
Leading supplier for all major 

automotive, identification, 

wireless infrastructure, industrial, 

mobile, lighting, consumer and 

computing manufacturers
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NXP Standard Products

Your 1st Choice for Diodes, Transistors, ESD and EMI Filtering, ssMOS, PowerMOS, ESwitches and Logic

Global Trends Enabled by
Reflected in 

>10,000 Types Results

• Cost efficient supply chain

• High quality with <0.1 PPM failure 

rate

• Extended AECQ-100/101 

portfolio

• Best in Class packages

• Small-signal Diodes and Transistors

• Medium Power Diodes and Transistors

• Protection and Signal Conditioning

• Small-Signal MOSFETs

• Power MOSFETs

• eSwitches

• Logic Devices

Energy efficiency

Connected and 

smart device

Reliability in 

product and service

…AND UP TO 70 BLN PCS SHIPPED ANUALLY!

STANDARD PRODUCTS IS YOUR 

1st CHOICE SUPPLIER WITH 12.1 % 

MARKET SHARE

GA Discretes (incl. ESD protection)#1

PowerMOS Automotive

#3

#2

Click on the image to watch 

the video about our Fab in Hamburg

Click on the image to open the

Discretes Selection Guide 2016

Logic

Standard Products @ a Glance

https://www.youtube.com/watch?v=pLmeXaYz8Fs
https://www.youtube.com/watch?v=pLmeXaYz8Fs
http://cache.nxp.com/documents/selection_guide/75017631.pdf?fsrch=1&sr=1&pageNum=1
http://cache.nxp.com/documents/selection_guide/75017631.pdf?fsrch=1&sr=1&pageNum=1
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NXP in Automotive Power

• Leading player in the $750M automotive 

power MOSFET market

• Employing ~2000 people in 5 countries

• Shipping ~750M pcs of automotive grade 

product annually 

• Significant market share and growth forecast

• Leadership in engine, transmission, steering 

and braking applications

• Supported by substantial industrial and 

supply chain organisation

• Meeting total automotive requirements: 

AEC-Q101 and beyond
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Automotive Power – Market Fit

High Power Products

Space and Cost Saving Products

KGD D2PAK I2PAK
TO220

DPAK LFPAK56 LFPAK56D LFPAK33

Focus on LFPAK

Engine Systems • Industry leading package

• Largest portfolio in 5x6

• Strong market growth

• Benchmark reliability

• Cost competitive

• Single and dual MOSFETs

• 3x3 footprint coming soon

Transmission

Infotainment

Heating and Cooling

Power Steering
Body and Security

Braking

Micro Hybrid

Lighting





Pumps 

and 

Fans





“NXP aim to offer the broadest low voltage MOSFET portfolio 

in the market, providing a solution for the majority of sockets”


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NXP – Commitment To Automotive

• Quality

− Committed to providing <<<1ppm quality levels

− Our General Quality Specification (GQS) is based on AEC-Q101

− New technologies are reliability tested to 2000Hrs to meet mission profile

• Product Withdrawal

− NXP do not withdraw old technologies without good prior warning

− Provide long last-time buy window

− Keep technologies running at customer request

• Qualification

− Commitment to ensure products meet automotive standards and customer qualification criteria

− Provision of supporting data in the form of qualification packs and PPAP documents
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NXP – Quality Awards

• ISO9001 Quality systems

• ISO/TS16949 certified

• ISO 14001 certified

• All manufacturing sites are VDA6.3 audited

• ESD control programme in accordance with ANSI ESD S20.20 

• Zero defect programme in place

• 2011 Bosch Supplier Award in the ‘Electronics and 

Electromechanical components’ category

• 2012 ‘Best quality supplier for discrete’ at Continental

• 2013 Automotive Quality <0.65 ppm

• 2014 “Outstanding Co-operation” award at Delphi

• 2014 Continental ‘Supplier of the Year’ in the power category
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Customer Profile

http://www.ebv.com/
http://www.ebv.com/
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj4hKnDk7jLAhXjIJoKHYLwCoAQjRwIBw&url=http://www.cui.com/news/press-releases/cui-inc-and-future-electronics-sign-global-distribution-agreement&psig=AFQjCNE8eqlms1XC9cgVXW6pWoACyPiDyQ&ust=1457769174147753
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj4hKnDk7jLAhXjIJoKHYLwCoAQjRwIBw&url=http://www.cui.com/news/press-releases/cui-inc-and-future-electronics-sign-global-distribution-agreement&psig=AFQjCNE8eqlms1XC9cgVXW6pWoACyPiDyQ&ust=1457769174147753
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BL Power – Design and Manufacturing Process Flow

Wafer 

Production

NXP Manchester

Packaging and 

Final Test

NXP Philippines / 

NXP Malaysia

Assembly

Product 

Development

NXP Manchester

SiliconR&D
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PORTFOLIO 

OVERVIEW
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Strategic Product Focus

• 30V to 100V Power MOSFET

− N-channel

− Multiple technologies

• Product development

− Reducing on-resistance

− Ruggedness capability

− Switching capability

− Linear mode operation

• Package focus

− Industry standard: D2PAK, DPAK, I2PAK, TO-220

− Innovation: Copper Clip Technology, LFPAK33, LFPAK56(D), KGD

NXP see package innovation as key focus for future
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D2PAK TO220 and I2PAK DPAK

LFPAK56 LFPAK56D LFPAK33

Automotive Packages

 Best thermal performance

 Surface mount

 Best thermal performance 

 Through hole

 Small footprint

 Ultra low RDSon

 Space saving

 Dual MOSFETs

NXP can also provide ‘Known 

Good Die’ (KGD) solutions for 

hybrid assembly in order to 

achieve optimum use of space 

and ultra low RDSon values

10mm

15.3mm

5mm

6mm

6.6mm

10mm

10mm

15.3mm

5mm

6mm

 Industry standard

 Low RDSon

 Ultra compact footprint

 Low RDSon

3.3mm

3.3mm
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Automotive Market Trends

Package

LFPAK56 LFPAK56D LFPAK33 DPAK D2PAK D2PAK-7 Bare Die TO-220

Max ID 100A 40A 70A 100A 120A 190A >400A 120A

Market 

Trend

Reducing Cost Reducing Size Reducing Rpack Increasing ThermalIncreasing Current
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Package / 

BVDSS

LFPAK56 LFPAK56D DPAK D2PAK D2PAK-7 TO-220 SOT223

30V 6.0 – 20 5.1 – 5.8 4.5 – 14 1.6 – 7 - 2.2 – 7 -

40V 2.4 – 29 5.8 – 24 5.0 – 18 1.4 – 8 - 1.8 – 8 -

55V..60V 4.8 – 59 9.3 – 52 7.8 – 150 2.3 – 75 2.3 2.6 – 13 29 – 150

75V..80V 7.8 – 107 - 11 – 46 3.8 – 23 3.4 4.0 – 14 -

100V 12 – 153 24 – 154 27 – 75 5.0 - 173 - 5.2 - 75 72 - 173

Automotive MOSFET Portfolio
Fully AEC-Q101 qualified to 175°C

RDS(ON) [max] at VGS = 10V
Released products as of Q4 2015
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BUK9M9R2-40E
BUK = Automotive

7 = Standard Level, 9 = Logic

Package
Y = LFPAK56

K = LFPAK56D (Dual)

M = LFPAK33

2 = DPAK

6 = D2PAK

C = D2PAK-7

5 = TO220

E = I2PAK

Technology
Generation

E = Trench 6

C = Trench 4

B = Trench 3

A = Trench 2

Voltage e.g. 40V9R2 = 9.2mΩ ; 12 = 12mΩ 

NXP Automotive PowerMOS

Naming Convention
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PACKAGE FOCUS 

LFPAK
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Shrinking the Power Footprint 

140mm2

62mm2

31mm2

22mm2
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MARKET TREND
DPAK

• Industry standard

• Ageing portfolios

• Sub-optimal use of 

space

• Wire-bond

LFPAK56

• Space saving

• Improved cost 

position

• Improved power 

density

• Multiple 2nd sources

• Similar max die size 

as DPAK

• Wide portfolio for 

cost optimisation

DPAK LFPAK56
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LFPAK56 – Package Construction

Copper Tab
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LFPAK56 – Package Construction

Solder Paste
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LFPAK56 – Package Construction

Silicon  DIE
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LFPAK56 – Package Construction



PUBLIC USE24 #NXPFTF

LFPAK56 – Package Construction

Gate Clip

Solid Source

Clip
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LFPAK56 – Package Construction

Copper Tab

Solder Paste

Silicon  DIE

Gate Clip

Solid Source

Clip
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LFPAK56 – Solder Joint Reliability

Solder can wet to the 

sides of the pins, end of 

pin and underneath lead 

bend

Area available for 

solder  wetting is 

limited by the casing

End of pin wetting is 

only possible if the part 

has wettable flanks

RESULT: QFN style much more susceptible to cracked solder joints as a result of thermal cycling / mechanical stress

LFPAK PQFN

Gull wing lead style allows for 

a much greater area of contact 

between the leads and the 

solder 
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Board Level Reliability

On Semi – NVMFS5830NLWFT3G ST – STL130N8F7NXP – BUK7Y3R5-40E

The images below show x-sections through pins 

for three different types of Power-SO8 package 

(NXP, On Semi, ST) after 2000 temperature cycles

LFPAK56 passed the reliability testing with no issues. Both package parts 

from On Semi and ST failed according to the board level reliability test criteria

LFPAK56 is well suited to applications 

needing high reliability in thermally 

demanding environments
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Trench 6 LFPAK56 (POWER SO-8) Portfolio

Size 1 Size 2 Size 3 Size 4 Size 5

40V 3.0mW 3.5mW 4.4mW 7.6mW 12mW 21mW 29mW

60V 4.8mW 6.0mW 7.2mW 8.7mW 15mW 25mW 43mW 59mW

80V 7.8mW 9.9mW 12mW 14mW 25mW 41mW 72mW 98mW

100V 12mW 15mW 19mW 22mW 38mW 65mW 113mW 153mW

59 devices offering wide application fit and cost flexibility in standard and logic level.

High Performance Cost Optimisation

59

* Values shown above are for standard level devices. RDS(on) max @10V 
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STRATEGIC 

ROADMAP AND 

SILICON OVERVIEW
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Strategic Roadmap Overview

Silicon Trench 3 Trench 4 Trench 6 Trench 9

>100A D2PAK D2PAK OSIRIS D2PAK-7 Low RDS(ON)

<100A D2PAK DPAK LFPAK56 LFPAK56D LFPAK33

Optimising package resistance, increasing current/thermal capability

Reducing size and cost

Reducing on-resistance, increasing switching capability
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11 µm cell pitch 2 µm cell pitch4 µm cell pitch

1996

T1
1998

T2
2001

T3
2006

T4
2012

T6
2016

T9

9 µm cell pitch 2.5 µm cell pitch 1.5 µm cell pitch

NXP Automotive TrenchMOS Platforms
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Benefits of Trench 9 Automotive

UP TO 30% IMPROVEMENT RDSON PERFORMANCE

SOFT SWITCHING FOR IMPROVED EMC

INCREASED COMPETITIVENESS – FOOTPRINT REDUCTION

COPPER CLIP TECHNOLOGYDIE SHRINK

BROAD PORTFOLIO
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SYSTEM SOLUTIONS
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Input 

Signal and 

Sensor 

Interface 

Circuit

PHY 

Interface

Power 

Supply

Drivers

MCU
High 

Current 

Driver

H-Bridge 

Driver

Output 

Drivers

MOSFET Injector Drivers

Power 

Stages

Throttle Position

Battery

Temperatures

Fuel Pressure

Accelerator

Crank Speed

Crank Position

Clutch/Brake

Speed

CAN

LIN

Diagnostic

Vbat

BAP 

Sensor

Watchdog 

MCU Relays

Diesel Particle Filter

Fuel Pump

Fan Control

Idle Control

Rail Pressure

Others

Valve Control

EGR

Turbo

Glow Plugs

Freescale Technology NXP Power MOSFET Technology

TYPICAL PRODUCTS

BUK9K52-60E

BUK9K29-100E

BUK9Y41-80E

BUK9Y38-100E

LFPAK products fit perfectly 

into engine management 

systems offering space saving 

and high reliability

AUXILIARY ENGINE FUNCTIONS

Multiple opportunities for MOSFETs in 

support of a growing number of auxiliary 

functions under full electric control

Diesel Engine Management

Legacy Freescale NXP Power MOSFET Technology
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TYPICAL PRODUCTS

BUK9Y7R6-40E 

BUK9Y3R0-40E

BUK7K8R7-40E

BUK7Y3R5-40E

40V Power MOSFETS in LFPAK56 offer a 

perfect fit over a range of power 

requirements. The broad portfolio allows for 

commercial optimisation to fit multiple 

applications.

System Basis Chip 

(SBC)

Vbat

CAN/LIN

MCU Pre Driver Module

Diagnosis

Current/Voltage/Position

Freescale Technology NXP Power MOSFET Technology

H-Bridge/3-Phase Bridge

Legacy Freescale NXP Power MOSFET Technology

Electric Pumps, Motor Control and Auxiliaries
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Power Supply    

and Physical I/F

MCU MOSFET 

PreDriver

Watchdog 

MCU
Signal 

Conditioning

Power 

Switch

FailSafe 

Switch

Position 

Sensor

Current 

Sensing

CAN

Vbat

Vbat

FailSafe

Signal

Steering Torque

Sensor

FailSafe

Signal

Steering Wheel 

Position Sensor

Failsafe Monitor Communication

SPI

PWM

Vlink

Vlink

FailSafe

Signal

6

6

3-Phase Bridge

Freescale Technology NXP Power MOSFET Technology

TYPICAL PRODUCTS

BUK7E1R9-40E

BUK962R0-40E

BUK961R7-40E

Power steering requires products 

that can handle high power and 

support sophisticated thermal 

management strategies

Legacy Freescale NXP Power MOSFET Technology

Electric Power Steering (EPS)
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TOOLS AND INFO
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Tools – NXP PowerMOS on the Web

• Full parametric search

• Datasheets

• Application notes

• Device models

• Footprint and package data

• Samples
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Application Notes
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Brochures and Ruler



PUBLIC USE41 #NXPFTF

Demonstrator Boards

Injector Demo

The injector demonstrator shows the 

impressive thermal performance of the 

LFPAK packages when compared to 

the larger DPAK package. The injector 

demo MOSFET boards have been 

updated to include LFPAK33.

Relay Replacement

The relay replacement demo is aimed 

at demonstrating how large relays, 

typically used for driving motors in 

body control applications, can be 

replaced with small MOSFETs in 

LFPAK56, LFPAK56D and LFPAK33
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ATTRIBUTION STATEMENT

NXP, the NXP logo, NXP SECURE CONNECTIONS FOR A SMARTER WORLD, CoolFlux, EMBRACE, GREENCHIP, HITAG, I2C BUS, ICODE, JCOP, LIFE VIBES, MIFARE, MIFARE Classic, MIFARE 

DESFire, MIFARE Plus, MIFARE FleX, MANTIS, MIFARE ULTRALIGHT, MIFARE4MOBILE, MIGLO, NTAG, ROADLINK, SMARTLX, SMARTMX, STARPLUG, TOPFET, TrenchMOS, UCODE, Freescale, 

the Freescale logo, AltiVec, C 5, CodeTEST, CodeWarrior, ColdFire, ColdFire+, C Ware, the Energy Efficient Solutions logo, Kinetis, Layerscape, MagniV, mobileGT, PEG, PowerQUICC, Processor Expert, 

QorIQ, QorIQ Qonverge, Ready Play, SafeAssure, the SafeAssure logo, StarCore, Symphony, VortiQa, Vybrid, Airfast, BeeKit, BeeStack, CoreNet, Flexis, MXC, Platform in a Package, QUICC Engine, 

SMARTMOS, Tower, TurboLink, and UMEMS are trademarks of NXP B.V. All other product or service names are the property of their respective owners.  ARM, AMBA, ARM Powered, Artisan, Cortex, 

Jazelle, Keil, SecurCore, Thumb, TrustZone, and μVision are registered trademarks of ARM Limited (or its subsidiaries) in the EU and/or elsewhere. ARM7, ARM9, ARM11, big.LITTLE, CoreLink, 

CoreSight, DesignStart, Mali, mbed, NEON, POP, Sensinode, Socrates, ULINK and Versatile are trademarks of ARM Limited (or its subsidiaries) in the EU and/or elsewhere. All rights reserved. Oracle and 

Java are registered trademarks of Oracle and/or its affiliates. The Power Architecture and Power.org word marks and the Power and Power.org logos and related marks are trademarks and service marks 

licensed by Power.org. © 2015–2016 NXP B.V.


