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7TH largest semiconductor company2

Operations in 32 countries

Headquarters: 

Eindhoven, Netherlands

30,000+ employees

11,000 engineers

9,000 patent families

60+ year history

$9.26B annual revenue3

Automotive
Broad-based 

MCUs1

Secure 

Identification

Communications

Processors

RF Power 

Transistors#1 #1 #1 #1 #1

Sources: HIS, ABI Research, Strategy Analytics, The Linley Group

1) MCU market excluding Automotive

2) Excludes memory

3) Posted revenue for 2017



• Fellow / Corporate Q&R
- Joined NXP/ Philips as Reliability Engineer in 1997

• Internal Standardization
- NXP Reliability Policy

- NXP Cu-wire Way-of-Working

• External Standardization & Industry Consortia:
Active participation in JEDEC, AEC, ZVEI

• Reliability “R&D”, Competence Building, Knowledge Sharing

- NXP: Applied Reliability Training, Reliability Knowledge Framework

- Conferences: IRPS, ECTC, ESREF, AEC-RW / (co)author, session chair, invited speaker

- Dutch Accreditation Council: ISO17025 certification of reliability labs

• Problem Solving & Risk Assessments

Personal Introduction
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SVP Global Quality
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Industry - Trend
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• New technologies and application areas require in-depth knowledge on failure 

mechanisms and mission profiles

- Sensor and Radar application, ADAS, Autonomous Driving

- Automotive high temperature applications (beyond Q100 grade 0)

- Applications with extended operational life time e.g., charging of electric cars

• Industry standards and consortia move towards knowledge based qualification

- AEC Q100 and other AEC specs

- JESD94/ JEP122

- ZVEI Robustness Validation Handbooks
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Reliability Evolution with Technology Progression
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Ref. “New Automotive Semiconductor Categories and Classes for Standardized Mission Profile Enablement - a through the 

supply chain alignment activity”, A. Aal/ VW, 1st European AEC-RW Workshop 2018



Reliability Evolution with Technology Progression
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Inspired by Ref. “Resilience, Reliability Engineering after Robustness Validation”, F. Dietz/ Bosch, ECPE RV Workshop 2018

The NXP Reliability Policy

1. Comply with industry standards

“Generation 1”

2. Assess application mission vs technology 

capability (building in reliability, test-to-fail, 

extended testing) 

“Generation 2”

3. Prepare for “Generation 3”

Reliability Engineering as integral part of 

Chip Design and Technology Development
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1. Founded 1993, by a.o. Bob Knoell (chair until Sept 2018)

2. Original membership of 15 companies

3. Now at 
• 18 Sustaining members

• 46 Technical Committee member companies

• 9 Associate member companies

4. ~ 35 spec/guidelines

5. Working Relationship with

JEDEC, ESDA, JEITA, IEC, IPC
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Component Technical Committee

Automotive Electronics Council - AEC



AEC: Standards under Revision or Preparation 2018
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Ref. “AEC 2018 Chair Report”, Bob Knoell, AEC-RW 2018 April 24-26
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Automotive Electronics Reliability: Challenge 1

11/26/201816

• AEC-Q100 needs to provide clarity:

Extended test durations, AND

Standardized Mission Profiles

Tier1s and OEMs

have to accept

Explanation to flow chart: 

A  AEC Q100 Standard Qualification

B  Extended Qualification based on

Customer Specific MP

C  Modeling / test-to-fail based validation

Ref.:

1. AEC-Q100H - Appendix 7

2. “Robustness Validation – an Introductory Tutorial”. Werner Kanert/ Infineon & René Rongen, AEC-RW 2013

3. “Extended Lifetime Qualification based on Standard Mission Profiles”, Ulrich Abelein/ Infineon, AEC-RW 2018

“AEC-Q100/101 - Appendix 7”
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NXP’s “Generic” Mission Profiles; 4 for Automotive
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Analysis of > 40 Automotive Mission Profiles …
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Courtesy: Fred Kuper, Internal NXP Report 2014
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Note: Obviously there is more to 

cover than only 4 AEC-Q100 

Grades...
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HTOL Equivalent Test Duration (Tjunc = 150°C / Ea = 0.7eV)
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Courtesy: Fred Kuper, Internal NXP Report 2014
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Accumulated durations span a couple of 

decades test durations

(Depending on the exact self dissipation in 

the applications)

Between 100 h and more than 10.000 h!
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What is the Limit?
Or Failure vs Degradation or Change…
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• Physics-of-Fail (PoF):
− Principle is already as old as

Semiconductor Industry

− It is all about understanding processes

and mechanisms causing degradation

with eventual failure of materials and

components

• Testing until fail can take a long time…
− And if failures occur…

Still the failure mechanism to be understood!

• Alternatively, the process of degradation after “time zero” can be recorded:
− Physics-of Degradation (PoD) or even better Physics-of-Change (PoC)
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Example of PoD: High T Corrosion for Cu-wire
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Model allows life time prediction of the contact WITHOUT reliability test
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• AEC-Qxx:

No standard test method nor  

requirements for Board Level/ 

Solder Joint Reliability

Currently: only user (Tier1) specific 

methods and requirements – very 

inefficient…

• In addition:

The “interaction” between 1st level 

(component level) and 2nd level 

(board level) reliability

Currently: only guidelines in JEP150

Automotive Electronics Reliability: Challenge 2
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Bumped Dies: New Approach
(Flip Chip, Fan-out WLP and WL CSP)
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• Two key differences compared to conventional plastic packages
− Failure modes accelerated by TC are different: dominant are cracks in the BEoL

These can only be accelerated in the presence of a solder connection (see next slide)

− Handling WLCSP may results in (many) non-stress related fails

Mounting on a carrier is effectively preventing damage due to handling

• In principle JEP150 does apply in this case (assembled solid state devices); the 

problem is that JEP150 is not giving any requirements
− NXP defined test method & requirements internally

− Guidelines (no requirements) added to latest JESD47 revision K (IC Qualification 

Standard for Commercial & Industrial Application)

− Major OEM for mobile applications adjusted its IC Qualification Standard accordingly

− Will AEC-Qxx be next?
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Flip Chip, Fan-out WLP and WL CSP
Thermomechanical Failure Modes in BEoL
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Ref.: Reliability of Wafer Level Chip Scale Packages, R. Rongen, R. Roucou, P.J. vd Wel, F. Voogt, F. Swartjes, K. Weide-Zaage, 

Microelectronics Reliability, 2014, Volume 54, pages 1988-1994 

René Rongen / PLOT Conference 2018



Flip Chip, Fan-out WLP and WL CSP
Example BEoL Stress Modeling for WL CSP
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P1, P2 and P3: relevant metal 

structures in the corner of the die

Modeling of principal stress development over 

time: bumping – PCB soldering – AL-TC

Modeling allows for setting up design rules



Flip Chip, Fan-out WLP and WL CSP
Background NXP AL TC Requirements
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For Automotive, AL TC requirements range from 500 to 1000 c
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Qualification Method Evolution beyond AEC-Qxx
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1. Extended Test Durations on short term

2. Application Level Reliability (Functional Component on a PBC) on short / 

mid term

3. Standardized Mission Profiles on mid term

4. Health Monitoring & Prognostics on mid / long term

- Including modeling in predictions

5. “Virtual” qualifications (using modeling) will not replace but complement 

“real” qualifications on mid / long term

6. Boundary Condition: industry wide exchange of Knowledge on Physics of 

Fail / Degradation / Change
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Contact Details

• NXP Semiconductors

• Gerstweg 2, 6534 AE Nijmegen – BX0.035

• +31 (0)6 51 17 1461

• rene.rongen@nxp.com


