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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
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Materials Science & “knives that would not cut”
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Source: America’s Test Kitchen

Source: www.AllenBrothers.com
used with permission.
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Lessons from Stainless Steel

Exploratory
Iterative — many contributors

Small Science (vs Big Science) - A
Non-linear

Careful Observation STU‘FA‘M
Failures are opportunities D
Trade-Offs

B TestConX
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Materials Science — Stainless has Improved!

Bob Kramer by Zwilling J.A. Henckels

Source: America’s Test Kitchen
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Automotive: Electronics Growth

Electronic
Content $2 185
Per Vehicle

104.3M 1.6%
Vehicle 97511 96. 1M

: $301Bn 5.6%
Production ’\*\ 91.5M $10Br 12%

$258n 17%

-1.7%
7.7%
Automotive / 32298'1\‘?—_" $225Bn
Electronics $213Bn° o $68r
Bectnfication S4Br izt $13Bn
ADAS $98n

Reduced vehicle production forecast,
but resilient electronic content growth
due to increasing ADAS and
electrification content

L
PR[bN[’\RR Source: Prismark
Used with Permission
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Automotive: Types of Electronics in Vehicles

Driver EventData Active
Night Vision Alertness Recorder Cabin Noise Cabin Entertainment

. . Monitorin Auto-Dimming Suppression Environment System
Windshield ¢ ¢ "

Wiper Control H(;:;!;JUp Accident il Seaiety Battery
% Recorder I'““ tor Voice/Da Management
munn:atwm
i Engine Instrument
DQ:UI;:::ent Control  Parental Cluster / C‘°"““°"
Controls L Electronic
\ : r Il Collection

Adaptive Front
Ughting

Adaptive Cruise —_——
Control

Automatic

— D:g:ul Turn Signals

Navigation
System

-_____..—-—-'"-'-'-- ’ Ay ] > -\““-
Security System
Braki
2 / ' 1 \\ Active Exhaust
Electric I \Noiw Suppression
Power Steering z Active Suspension
OBDII L Electronic|| Antilock

Braking Hill-Hold
Control

Electronic Throttle Idle Transmission

Stability
Control Control
Stop/Start Active Remote Control

Ehé:’:_c“ Vibration Keyless se'g:;::g:‘o " Parking Regenerative
Timing Control  ENty S 15ne System  Tire Braking

Cylinder Blindspot Departure Active Pressure

De-activation Detection Warning Yaw Monitoring Source: INEMI
Control Used with Permission
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Automotive: Electronics Content per Vehicle
Driven by AD, EV, Connectivity

Applications Providing Semiconductor Growth in Automotive 2015-2023

1.7% CAGR (2017-2023) == Powertrain

= [nfotainment

W Body &
Convenience

mm= Chassis &
Safety: Other

ADAS

. . a | . i m Other
_ . Automotive,
r ; Trucks, AM
B — |
FEE N N N . lj — b

Automotive Semiconductor Revenue
(Billions of US §)

2015 2016 2017 2018 2019 2020 2021 2022 2023 | 3:{32““"““‘“

B TestConX

: IHS Markit Q4 2017
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Automotive: Automobile of 2025

Mission profile for autonomous city vehicle

Pure electric vehicle (EV) '
POWERTRAIN/
24 | 7 usage
ELECTRONICS - ELECTRIC VEHICLES
400V battery ‘ :

Fast charging (10mins @1000Amps)
Max power load >60kW

15year life

300,000mile warranty

B TestConX

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




TestConX 2020

Session 1 Presentation Keynote

Keynote

Automotive: Temperature Ranges

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

B TestConX

TestConX Workshop

www.testconx.org

Infotainment
Car Navigation
« CarAudio
» 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)

© 2020

May 11-13, 2020
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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

B TestConX

TestConX Workshop www.testconx.org

h PbAgin
SMT Devices

Junction Temperatures in
Engine Electronics

Gasoline (Petrol)
Increasing closeness

Power Modules

May 11-13, 2020
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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

B TestConX
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Automotive: Electric Vehicle Drive Train

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

st Generation Chevy Volt
Source: appliedmaterials.com and PntPower Source: Weber.edu

B TestConX
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Automotive: Power Module Materials

Shear strength of pressure vs pressureless sintering
with dummydie size 6,125X 4,5 mm?
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Ag-Sintering; Cu-Sintering
Sintering Processes (Air, N2, Fast, Pressure)
Revisiting SnSb
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Automotive: Power Modules

Lack of
thickness

Insulating
substrate

Co-Planarity Variation = 52.5um
Max Deflection = 60pm

Tgure 1 :
pla mmped bump in copper baveplate (right
™

B TestConX 5 2020
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Automotive: Assembly & Low V0|d|ng
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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

= e e
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Automotive: Consumer Electronics meet

- L L
eWLB Rad_ar 1000 5000
Cross section on board TCoB Cycles (-40/ 125°C)

B TestConX
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5G: Growth — Mobile Phone Units

M Units
1,400

Sub-6G Only
== mmWWave Enabled

- I N

2024F

0 1
2z Source: Prismark
rismark Partnel PrISMARK Used with Permission
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5G: Architecture

Evolution of the Cellular Base Station

B TestConX
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5G: Power Device Technology

WIDE BAND GAP MATERIAL Multiple ~ 3GHz  Few
Power device technology positioning (2017) Competing ‘_‘I’_’ Competing

n 5 Technologies Technologies
i EV/HEV
!! B wind T g R ups @ @

i

1

- m’ SiC MESFET :
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- supplies for
~ " .
Medical equipment servers
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Switching
power supplies
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equipment

Operating frequency (Hz)

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

10
Frequency (GHz)

Source: RFMD

B JestConX .+ 2020
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5G: Powered by GaN

56 proposad
&6GHr 24 GHz 100 GHz

=« High frequancy L *

Meeting the 5G Applications with GaN  High efficiancy
SGrub-bGHT | 56 mmiave

Massive MIMO/Beamtarming

+ Ultra-wide band linearization E b W)
- Small package/high power w o D
|

-

Densilication

)

:i:.':riz:llan (m} (;&)

- Small size
» High temperature
« High reliability

2013 2014 2015 2016 2017 2018 2019 2020

54°C HOTTER b Source: http://rf-design.co.za/tag/qorvo/page/3/

than GaN on SiC /
27% HIGHER
CHAMNNEL TEMPERATURE

10 to |DECREASE

100% in device life L
Source: Qualcomm

B JestConX = 2020
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5G: GaN Packages

Heat Flow Path and Relevant TIM Placement: Common Discrete Power Semiconductor Applications |

Buried Oxide

sili subst ‘
T

DieAttach

. C/Q/
TO-220 Package Q J
3 Q\\\\

—T— 1= Imhcal oass |doow s

I rRths-a | o562 |
[mtotal | 0,416

Ambient

TIM2 and the die attach material are responsible for approximately 74% of the thermal budget ;
through this discrete power semiconductor package (considering solder die attach as an equivalent for TIM1) X158 168mm 42 S8 sEl

B JestConX > 2020
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5G: Growth of Edge Computing & Al 2019 - 2020

Revisit with CPUs

Which processes rely heavily on Al?

Global Al ranked by revenue of use cases:
8.9
$ LION $76
— 264 360 ¢57 $5.4

$7.2

vehicular static image processing algorithmic localization predictive cybersecurity paperwork intelligent medical image
detection and recognition of patient trading and mapping  maintenance and threat to digital data HR systems analysis

avoidance data strategy prevention conversion

Source: Statistica

B JestConX « 2020
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5G: Fiber enables Edge Computing

High-Pur t\rl dum

High-Purity Indium
Phosphide

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

B TestConX
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5G: Pushing Heterogeneous Integration

Z28kU

0201 /01005 / 008004 capacitors

B [estConX 5 2020
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5G: Heterogeneous Integration

<

The Definition of Heterogeneous Integration <>

HETEROGENEOUS
INTEGRATION ROADMAP

Die + Heterogeneous System in Package (SiP)

Graphics Source: John Hunt [ASE)
Heterogeneous by material, component type, circuit type, node and
bonding/interconnect method & sources

IEEE : ) ELECTRONICS | A S AR
QIEEE  ‘photonics psemy G5 i Pl

=/ SOCIETY

B JestConX 2020
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5G: Materials Challenges to Overcome

SAC305 Joint Brittle Zone (%
Surface Area vs Oxygen Content )
_ 016 -
£ 014 -
i 012
=
- 01
=
& 008
=
8 006
o 0.04 -
&
& 0.02 -
0

Too much brittle zone.
Underfill desired.

Brittle Zone (% of standoff)

Surface Area (cm2/g)
Powder Size (p)

B TestConX
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5G: Examples of Heterogeneous Integration

= -

(BT |
® B |
-

+30 Logic / Memory and Flip-Chip 1 System-in-Package
| - Wafer Bumping (Bump Fasion) Flux - Wator-Lavel Ball-Attach Flux
- Ultrafine-Pitch Solder Paste

* Lidded MEMS + Ball Grid Array
. - Dispensable Fine-Pitch — Ball-Attach Flux
Source: iFixit Solder Paste

B e e T e e e e e e
v - = - —n -
S S S & o s eSS DS eSS S S _- - Source: Techinsights

B JestConX = 2020
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CPUs: Growth of Networking and Edge
Computing

The edge Al chip industry is poised for growth
Edge Al chips by device, 2020 and 2024 (millions of units)

B Smartphone W Tablet Speaker W Wearable Enterprise edge

2020

500 75 m

2024

1,000 100
0 200 400 600 800 1,000 1,200 1,400 1,600 1,800

Sources: MarketsandMarkets, Edge Al hardware market by device (smartphones, cameras, robots, automobiles,
smart speakers, wearables, and smart mirrors), processor (CPU, GPU, ASIC, and others), power consumption, process,

end user industry, and region—global forecast to 2024, April 4, 2019; Deloitte analysis.
Deloitte Insights | deloitte.com/insights

Source: Deloitte

B JestConX > 2020
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CPUs: Ultralow Residue Fluxes

Excessive solderability

B [estConX ' 2020
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CPUs: Flux Technology Tuning

Strong Flux CorrectStrength Weak Flux

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.

B TestConX = 2020

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




TestConX 2020

Session 1 Presentation Keynote

Keynote

CPUs: Reaching Thermal Limits

—_
o
o

| Hot Spots

-
o

Logic Chip
Hot Spots

| High-Power
Laser Bar

Logic Chip
Average

—
o

—_—
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AT W ATl

Heat Flux (W/cm?)

o
—a

Ll

|
T | T

I Power Amplifier

® Balistic Entry

@ Nuclear Blast

@ Reentry from Earth Orbit

@ Rocket Motor Case .
Device Heat Fluxes Exceed

Flux on Surface of Sun

@ Solar Flux On Earth’s surface

| |
| I T | T T

On Sun’s Surface

|
T | T T T

1,000

B TestConX

TestConX Workshop

2

000 3,000

www.testconx.org

4,000 5,000 6,000

= 2020
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CPUs: Thermal Design

: Conductivities

i Heat-
Primary

e ey SOLDER THERMAL INTERFACE MATERIAL (STIM]

H Indium

Lead STIM is a solder based thermal interface

material (TIM) between the integrated heat
spreader (IHS) and processor die

*Tin L]

* STIM provides increased thermal conductivity between the CPU die and the
integrated heat spreader (IHS)

= Heat dissipation is improved, allowing for more thermal headroom

-
L)
o ©
v
b
E o
=
2.
=
=
= o
T
]
-]
=
o
o
=
£
=
é

* STIM can provide benefits for high frequency segments of the business

e e e e e . IMPROVED OVERCLOCKING CAPABILITY

Electrical Conductivity (microOhms.cm)

ihtel

B JestConX « 2020
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CPUs: Liquid Metal and Liquid-Solid Hybrids

Thermal grease A
3IWImG”

.’--

- = particle -~ _~Thermal grease B
Thermal grease | contact ~ »~ 40W/mC
20

(typical) A S
13 mm2C/W

s * 10

oS - S RN —
Liquid metal e 4021 Cycles
2 mm*C/W [T y

_#'; Liquid Metal
-

o 100 150 200
Compound thickness (um)

L ::f"\_/'_;/""_. ;-—-\.'.—‘—\.——\ﬂu\ﬁ_:ﬂr—-\“;:r—-\ | 10,247 Cycles
S . o 3 f N IS | ¢ ~u ~
LIS T DX )

Liquid metal will flow along the 10 AR y 5 20,250 Cycles
grain boundaries of certain iy F4 P
metals, creating a sponge-like
structure of solid and liquid
metal.

B TestConX
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CPUs: Compressible Metal TIM

Clamping Force

2

High
P

B TestConX

TestConX Workshop

Pattern 1: Designed for interfaces
with tight surface control (smooth
and parallel)

Pattern 2: High profile variant for
surfaces with more warpage; 2X
compressibility

Pattern 3: Single-sided pattern
designed for clad multiple insertion
burn-in and test applications Optional Clad Barrier Layer

Source : US Patent 7,593,228-B2

www.testconx.org May 11-13, 2020
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CPUs: Compression Force: Graphite Foil vs. Soft
Metal

Thermal Resistance (ASTM D5470)

0.4
= 0.3
£
E o
@
g 0.2
k2
8
= 0.
=
E
2o
[=

0.1

.\\‘

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

B TestConX
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CPUs:
Previously @ BITS:

Burn-Iln Roadmap

Joe Lin
KYEC
Jason Wang
KYEC USA

B TestConX

TestConX Workshop
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Session 1B Presentation 4

B iTS 2018 A Better Workhorse

- Burn-in Printed Circuit Boards & Solutions

High Power Burn-ln Roadmap

KYET700-32 HP600-16 => HP600-20 => HP600-20Z -PG memory depth 32M
i _‘% Ty -Thermal control
700W evaluation

-Up to 16 DPS
-180 channels

DUT max power consumption : _HP600-20Z
< 20Watt 1~-500Watt -VOH x 6sets

-Thermal control
500W evaluation
-PG memory 16M
-Thermal control
300W evaluation

UHPBI (Ultra High Power Burn-in)

Burn-in & Test Strategies Workshop www_ bitsworkshop.org March 4-7, 2018

www.testconx.org May 11-13, 2020
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CPUs: -
P rev i o u s Iy @ B ITS : Te Stconx c h i n a 2 019 The Future of Advanced Packaging: Meeting the Challenges

Package
- Trends Driving Heterogeneous Integration
C o m p I ex I ty » With the move to each new silicon node, Moore’s Trtel & TM <8

law (observation) has fulfilled the economic and Clock Frequency vs. Time . =AMD - DEC - Other
technology promises of

Density scaling
Speed scaling
Power scaling
Cost scaling
E J a n * CPU architectures are not scaling
" Processor frequency scaling ended in 2007
Multicore architecture scaling has flattened

Va rd a m a n « As the industry moves to the next silicon nodes | ; : ?néws

(7nm, etc.) new packaging solutions are need to
I h E ; h achieve the economic advantages that were
e C ea rC previously met with silicon scaling
* Heterogeneous integration provides a solution

I nte rn ational Silicon interposers

Alternatives such as Intel’s EMIB or Fan-out on
Substrate

Source: Xilinx.

techsearchinc.com

TestConX China Workshop TestConX.org October 29, 2019

B TestConX
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CPUs: CPU Architecture - EMIB

B TestConX

TestConX Workshop www.testconx.org May 11-13, 2020
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CPUs: Managing Warpage during
Assembly

Warpage Induced NWO (Smile Warpage)
Pre-Reflow

et SE SE SR S e X e SE et

_ Reflow Peak Temperature

Non-Wet-Open (NWO)

B TestConX
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Automotive

New Alloys (and Old Alloys
repurposed)

New Class Materials
(sintering)

New Forms
New Thermal Systems
New Assembly Processes

Summary

5G
New Powders

New Alloys (and Old Alloys
repurposed)

New Solder Forms
New Fluxes
New Potting Compounds

Heterogeneous Integration °

New Assembly Processes

Session 1

Presentation Keynote

Keynote

Networking & Edge
Computing

New Powders

New Alloys (and Old
Alloys repurposed)

New Fluxes
New Thermal

Heterogeneous
Integration

New Assembly
Processes

= 2020

B TestConX

TestConX Workshop May 11-13, 2020
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Meeting this Challenge

Specialists CENEIERS

RANGE

WHY GENERALISTS TRIUMPH

Outliers e e dee

MALcCOLM
GLADWELL

10,000 hour rule |NNOCENTIVE®

B TestConX s 2020
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The Ebbinghaus illusion

B TestConX
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Avoiding Einstellung Effect

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.

Analogies
Leave the Routine
Engage with Peripheral Domains

JoRanhes 'ép"} - Daydream (hard with
|1571 1630 -4 smartphones)

S e 2R e | Embrace Range & Inefficiency
) Fight Hierarchy

B TestConX Free Play = 2020

< - % g . Diversity (of ideas)

TestConX Workshop www.testconx.org May 11-13, 2020
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Need: Focused Frogs & Visionary Birds
Hedgehogs & Foxes

The Greek poet Archilochus wrote,
"the fox knows many things, but the
hedgehog knows one big thing."

Freeman Dyson

B TestConX
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Staying Safe in Covid-19 Era:
Manufacturer’s Pledge

Control site traffic
Enhanced hygiene
Social distancing and
reduced density
e _ Emergency response

e T and quarantine
e e e SRR G proce dures

Robust

communication.

thee. Fadirm mdinl prabessianal b o ared 115 DOH gubebons, amd e emsies

B JestConX v 2020
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Recommended Reading

%o

2

MARK MIODOWNIK

Outliers sl | STUFF MATTE

o

. fdha\\ EXPLORING cre MARVELOUS MATERIALS
MaAvrLcoLm v thae SHAPE OUR MAN-MADE WORLD

GLADWELL
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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.
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