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Our Journey
• Materials Science Changes the World
• Key Trends, Packaging and Materials Science

– Automotive Electrification
– 5G: Base Stations and Front-End-Modules
– Networking and Edge Computing

• Sustaining Constructive Disruption
• Discussion and Questions
• The Manufacturer’s Pledge – a Covid-19 digression

If source not mentioned, generally created at Indium Corporation
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Materials Science & “knives that would not cut”

Source: www.AllenBrothers.com
used with permission.

Source: America’s Test Kitchen
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Lessons from Stainless Steel

• Exploratory
• Iterative – many contributors
• Small Science (vs Big Science)
• Non-linear
• Careful Observation 
• Failures are opportunities
• Trade-Offs
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Materials Science – Stainless has Improved!

$300

$40
Source: America’s Test Kitchen
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Automotive: Electronics Growth

Source: Prismark
Used with Permission
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Automotive: Types of Electronics in Vehicles

Source: iNEMI
Used with Permission
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Automotive: Electronics Content per Vehicle
Driven by AD, EV, Connectivity

Source: IHS Markit Q4 2017
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Mission profile for autonomous city vehicle
• Pure electric vehicle (EV)
• 24 / 7 usage
• 400V battery
• Fast charging (10mins @1000Amps)
• Max power load >60kW
• 15year life
• 300,000mile warranty

Automotive: Automobile of 2025
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Automotive: Temperature Ranges
• Infotainment

• Car Navigation 
• Car Audio
• Heads-up display (HUD)
• Automotive LCD monitor

• Body ECU
• Body control module
• Door & Mirror control 
• HVAC control module
• LED module

• EV/HEV
• Main inverter
• Onboard charger 
• DC/DC converter
• Battery management system

• Power Train
• Engine control unit

• Electronic power steering(EPS)

AEC Q100 Qualification
Definition of Part Operating Temperature Grade
The part operating temperature grades are defined:

Grade 0: -40C to +150C 
Grade 1: -40C to +125C 
Grade 2: -40C to +105C 
Grade 3: -40C to +85C 
Grade 4: 0C to +70C 
ambient operating temperature range
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Automotive: Electronics Assembly Materials
• System level integration of different 

sensor types and control electronics
• Higher voltage:

– ICE: 12V → 48V
– EV: 350V → >600V

• Increased reliability
– 10 → 15 year mission profile
– 1,000 → 3,000 thermal cycles
– Low-voiding

• Increased temperatures:
– ICE: Under the hood / transmission fluid
– EV: In specific areas of high current density

• Vibration/Environmental exposure:
– EV: Power control integrated with electric 

machines

Junction Temperatures in 
Engine Electronics
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Automotive: Power Modules
• Die-Attach to DBC

– Solder and Sinter Materials
– Thermal and electrical conductivity
– Tilt control
– Stressor:

• Extreme CTE mismatch
• High temp / extreme thermal cycling

• DBC to Baseplate
– Solder/TIM
– Thermal conductivity
– Tilt control
– Stressor:

• Thermal cycling / larger DT stresses – large area

• Baseplate to Heat Spreader
– Thermal interface material (TIM)
– Thermal conductivity
– Stressor: 

• Thermal cycling / smaller DT stresses – very large area
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Automotive: Electric Vehicle Drive Train

Source: appliedmaterials.com and PntPower

Tesla Model 3 Traction inverter, showing the SiC 
MOSFET power modules

Source: Semikron

1st Generation Chevy Volt
Source: Weber.edu
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Automotive: Power Module Materials

Ag-Sintering; Cu-Sintering
Sintering Processes (Air, N2, Fast, Pressure)
Revisiting SnSb
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Automotive: Power Modules
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Automotive: Assembly & Low Voiding
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Automotive: Extreme Thermal Cycling
• -40C to 150C
• 51 min per cycle, 10 min dwell time at each extreme, 

~28 cycles per day
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Automotive: Consumer Electronics meet 
Automotive Standards

Source: Infineon
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5G: Growth – Mobile Phone Units

Source: Prismark
Used with Permission
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5G: Architecture

Source: NXP
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5G: Power Device Technology

Source: Yole “Power Electronics Devices: Technology and Markets,” May 2018

Source: RFMD
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5G: Powered by GaN

Source: http://rf-design.co.za/tag/qorvo/page/3/

Source: Qualcomm
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5G: GaN Packages
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5G: Growth of Edge Computing & AI 2019 - 2020

Source: Statistica

Revisit with CPUs
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5G: Fiber enables Edge Computing

Source: https://www.cardiff.ac.uk/news/view/214296-step-towards-holy-grail-of-silicon-photonics
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5G: Pushing Heterogeneous Integration

0201 / 01005 / 008004 capacitors
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5G: Heterogeneous Integration

Source: HIR Roadmap
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5G: Materials Challenges to Overcome
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5G: Examples of Heterogeneous Integration

Source: iFixit

Source: Prismark

Source: TechInsights

29



KeynoteTestConX 2020
Session  1 Presentation Keynote

May 11-13, 2020TestConX Workshop www.testconx.org

CPUs: Growth of Networking and Edge 
Computing

Source: Deloitte
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CPUs: Ultralow Residue Fluxes

Excessive solderability
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CPUs: Flux Technology Tuning

Reliability of the device, especially cracking of the ILD, is affected by reduced clearance. Solder should 
stay at solder joint, but can wick up the pillar or wet excessively.
An Ni layer between solder cap and copper pillar is common. Flux can also ensure solder stays on the 
joint by adjusting wetting power.
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CPUs: Reaching Thermal Limits

Source: Avram Bar-Cohen, Raytheon
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CPUs: Thermal Design

Solders: Conductivities

Source: Intel.com
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CPUs: Liquid Metal and Liquid-Solid Hybrids
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CPUs: Compressible Metal TIM

Source:  US Patent 7,593,228-B2
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CPUs: Compression Force: Graphite Foil vs. Soft 
Metal

Graphite foil has 
poor thermal 
conductivity in Z-axis 
due to its structure

Graphite Foil

Soft Metal
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CPUs: 
Previously @ BITS: 

Burn-In Roadmap
Joe Lin 
KYEC 

Jason Wang 
KYEC USA 
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CPUs: 
Previously @ BITS: 

Package 
Complexity

E. Jan 
Vardaman 

TechSearch 
International
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CPUs: CPU Architecture - EMIB

Source: Intel Source: David Schor
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CPUs: Managing Warpage during 
Assembly

41



KeynoteTestConX 2020
Session  1 Presentation Keynote

May 11-13, 2020TestConX Workshop www.testconx.org

Summary

Automotive
• New Alloys (and Old Alloys 

repurposed)
• New Class Materials 

(sintering)
• New Forms
• New Thermal Systems
• New Assembly Processes

5G
• New Powders
• New Alloys (and Old Alloys 

repurposed)
• New Solder Forms
• New Fluxes
• New Potting Compounds
• Heterogeneous Integration
• New Assembly Processes

Networking & Edge 
Computing

• New Powders
• New Alloys (and Old 

Alloys repurposed)
• New Fluxes
• New Thermal
• Heterogeneous 

Integration
• New Assembly 

Processes
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Meeting this Challenge

Specialists Generalists

10,000 hour rule
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The Ebbinghaus illusion
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Avoiding Einstellung Effect

• Analogies
• Leave the Routine
• Engage with Peripheral Domains
• Diversity (of ideas)
• Daydream (hard with 

smartphones)
• Embrace Range & Inefficiency
• Fight Hierarchy
• Free Play

Einstellung refers to a person's predisposition to solve a given problem in 
a specific manner even though better or more appropriate methods of 
solving the problem exist. The Einstellung effect is the negative effect of 
previous experience when solving new problems.

Source: Clickntech
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Need:  Focused Frogs & Visionary Birds
Hedgehogs & Foxes

Freeman Dyson

The Greek poet Archilochus wrote, 
"the fox knows many things, but the 
hedgehog knows one big thing."
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Discussion
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Staying Safe in Covid-19 Era: 
Manufacturer’s Pledge

1. Control site traffic
2. Enhanced hygiene 
3. Social distancing and 

reduced density 
4. Emergency response 

and quarantine 
procedures

5. Robust 
communication.  
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Recommended Reading
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COPYRIGHT NOTICE

The presentation(s)/poster(s) in this publication comprise the proceedings of the 2020 
TestConX Virtual Event. The content reflects the opinion of the authors and their 
respective companies. They are reproduced here as they were presented at the 2020 
TestConX Virtual Event. The inclusion of the presentations/posters in this publication 
does not constitute an endorsement by TestConX or the workshop’s sponsors. 

There is NO copyright protection claimed on the presentation/poster content by 
TestConX. However, each presentation/poster is the work of the authors and their 
respective companies: as such, it is strongly encouraged that any use reflect proper 
acknowledgement to the appropriate source. Any questions regarding the use of any 
materials presented should be directed to the author(s) or their companies. 

“TestConX” and the TestConX logo are trademarks of TestConX. All rights reserved.

www.testconx.org


