Autonomous Vehicles: Successfully Integrating New
Chips, Packages, & Modules

Steve Groothuis, CTO, Samtec Microelectronics
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With autonomous vehicles currently being developed and prototyped, the requirements of
miniaturization, higher functionality, size/weight, and high reliability cannot be
compromised.

This workshop will focus on electrical, mechanical, and electro-optical aspects that define
autonomous vehicle’s electronic products success.

Key Takeaways:

- To provide an awareness of the specific chips, sensors, and modules in Autonomous
Vehicles

- What are metrics for navigating the electronics miniaturization landscape (conversion
costs, pros/cons, density vs. performance)?

«  How will high-speed communications and other autonomous features be enabled?
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IC, MEMS, & Sensors Packaging in Autonomous Vehicles
«  Chip/Package/Module Co-design
¢ Miniaturization principles
«  Design for Manufacturability

High-speed communications enablers
«  High bandwidth wireless
- 2.5D & 3D package integration
« Inclusion of advanced package technologies (e.g., Si photonic and glass technologies)

High-reliability requirements
«  High power devices and packages
«  Package substrates, interconnections, & encapsulants
«  Reliability mechanisms

Unique packaging elements in Autonomous Vehicles
«  LIDAR, radar, and camera packaging and systems
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"Just three types of MEMS devices used in the automotive industry account for more
than 95 percent of market value: pressure sensors, accelerometers and gyroscopes”

-- Richard Dixon, principal analyst, automotive sensors, IHS Markit

Source:“Automotive MEMS Sensor Unit-Shipments Rose in 2015, Even as Revenue Stalled,” http://press.ihs.com/press-
release/technology/automotive-mems-sensor-unit-shipments-rose-20 | 5-even-revenue-stalled

“The auto industry is poised for more change in the next five to ten years
than it’s seen in the past 50.”
-- Mary Barra, General Motors CEO

Source: Speech at The Code Conference, May 2015 — http://www.mobileworldlive.com/apple-says-car-ultimate-mobile-device
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WHERE SHOULD WE START?
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Electrical Car-sharing
Vehicles (EVs) movement

Autonomous
Driving (AD)
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80%

...of all innovations in a modern car depend on semiconductors.

Source: SEMl.org, “Innovation Driven by Semiconductors,” SEMICON Europa 2015 to Showcase Automotive,
MedTech and Industry 4.0, http://semi.org/en/node/5643 |
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AUTOMOTIVE MEMS SUPPLIERS

Top suppliers of Automotive MEMS Sensors*

Automotive-centric Mobile-centric

Millions of US$

Source: IHS Automotive Sensors Intelligence Service H1-2016

Source: “Automotive MEMS sensor unit-shipments rose in
2015, even as revenue stalled,”

http://electroiq.com/blog/2016/07/automotive-mems-sensor-
unit-shipments-rose-in-20 | 5-even-as-revenue-stalled/

2014 2015

2016 IHS



Current automotive MEMS (>95% of market value) are:

- Pressure sensors, accelerometers, & gyroscopes

- Their applications are continue to be electronic stability control (ESC), airbags, tire-
pressure monitors (TPMS) and manifold absolute-pressure (MAP)

Emerging automotive MEMS are:

- LIDAR, CMOS Image Sensors (CIS), MEMS microphones, microbolometers, & scanning
micromirrors.

- Their new applications are pedestrian detection, air-intake humidity measurement,
hands-free calling microphones, night-vision systems, head-up displays, & adaptive LED
headlights.

Source: Richard Dixon (IHS),“Automotive MEMS sensor unit-shipments rose in 2015, even as revenue stalled,”
http://electroig.com/blog/201|6/07/automotive-mems-sensor-unit-shipments-rose-in-20 | 5-even-as-revenue-stalled/ _.[ —
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Increased electronics content in cars without increasing car size thus allowing more
electronics to occupy the same or less space requiring further miniaturization beyond
current packaging approaches.

Integrated electronics with 100s of sensors and computing electronics that are
necessary to process the information.

All-electric vehicles that require ultra-high battery power that is efficient and light-
weight electric components for electric motors, inverters, converters, control and driver
electronics and high- voltage batteries.

Inclusion of data security and privacy in vehicle’s electronic systems.

Samilec



EVOLUTION OF AUTONOMOUS VEHICLES

Autonomous Cars on the Road by 2020

ADA = Advanced Driver Assist
. . Autonomous Driving
Functionality o ADAS & V2X

e Semi — Full autonomy
ADA Systems
o Predictive collision avoidance
e Integrated ADA Systems
Active Driver Assist

o Proactive control systems
o Collision impact mitigation

Passive Driver Assist
e Sensor-based warning
¢ Ride/handling control assist

Vehicle Dynamics
e Traction Control

e Electronic Stability Control
Reactive Safety
e Seathelis
e Airbags
e Anti-Lock Brakes

1985 1990 1995 2000 2005 2010 2015 2010
Source: IHS

Source: R. DeMeis, Autonomous Cars: How Soon and at What Cost?,
http://electronics360.globalspec.com/article/2/autonomous-cars-how-soon-and-at-what-cost
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AUTOMOTIVE TECHNOLOGY INTE

Automotive Architectures

Time
Vision
: Vehicle Cloud Computing * Cloud computing
Disruption: supplements embedded
computing

Complexity
ZXEF))X)SSI;”I\;IOF Vehicle Computer = Vision
* Fusion of all DCUs in one
centralized vehicle computer

Current Fusion

Architectures \ " = Melted of domains, fusion of DCUs

Centralization
* Centralized Domain Control Units (DCUs)

» Standardization of basic controller

Integration
m " Merging of ECUs, integration of HW &

SW into existing ECUs

* Each function has his own ECU
(“One function - one Box")

Source: Bosch

Source: Brian Bailey, The Wild West of Automotive, http://semiengineering.com/the-wild-west-of-automotive/, originally from Robert Bosch.
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2015 TOP AUTOMOTIVE CHIP LEADERS

Market Share of Top 10 Automotive Semiconductor Suppliers ($ million)

Y2015 Company Name 2014 Revenue 2015 Revenue 2014 2015 Growth (YoY)
Rank Market Share Market Share

NXP 1861 4178 6.4% 14.4% 124.5%

Infineon 2702 2850 9.3% 9.8% 5.5%
Technologies

Renesas 3032 2671 10.5% 9.2% -11.9%
Electronics

STMicroelectronics 2144 2096 7.4% 7.2% -2.2%
Texas Instruments 1605 1871 5.5% 6.4% 16.6%
Robert Bosch 1621 1478 5.6% 5.1% -8.8%
ON Semiconductor 1069 1142 3.7% 3.9% 6.8%
Micron Technology 706 661 2.4% 2.3% -6.4%
Toshiba 729 652 2.5% 2.2% -10.6%
Osram 568 646 2.0% 2.2% 13.7%
Others 12946 10785 44.7% 37.2% -16.7%
Total 28983 29030 100.0% 100.0% 0.2%

Source: IHS © 2016 IHS

Source: “Automotive semiconductor market grows slightly in 2015 while ranks shift,” http://electroiq.com/blog/2016/06/automotive-
semiconductor-market-grows-slightly-in-20 | 5-while-ranks-shift/
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AV SENSOR MODULES MARKET REVENUE

Sensor modules market value for autonomous cars
from 2015 to 2030 (in $B) - < Micro bolometers
$35B

< Stereo cameras

< Surround cameras
< Long distance cameras

< Long Range Radars

< Short Range Radars

B
N $3 m B . I l I I < Ultrasound Sensors
T =
AN EEENREN

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

TOTAL SENSOR MODULES IN $M
M Dead reckoning sensors Stereo cameras LR radars

=LBARs ™ Cameras for surround 'SR radars Management for Autonomous Vehicles,” 2015.

B Micro bolometers Cameras for long distance B Ultra sound sensors

Source: Yole Développement, "Sensors and Data
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AV SENSOR ROADMAP

Sensor technology roadmap and autonomous functions associated

Functionalities
i AP
AEs DM | Sverywhere Sensors—Lvi5 | # |

ACC: Active Cruise Control i PA =

LDWS: Lane Departure Warning System T m Ultrasonic 10

LKA: Lane Keep Assist ' AP highway

PA: Park Assist ACC  LDWS : TJA Radar LRR
AEB: Automatic Emergency Braking i om T Radar SRR

DM: Driver Monitoring ! »
AP: Automatic Pilot BT, Long distance cam
i Lbws " TJA i Camera surround
i Stereo camera
automation bbolo
LIDAR

Dead reckoning |

TOTAL 32

——T
Ultrasonic 10

Sensors - Lvl 3 n Radar LRR

| 2

2028 2040 Ultrasonic 10 Radar SRR 6
2

5

Radar LRR 2 .
Long distance cam

Sensors - Lvl 2 n Radar SRR & Camera surround
Sensors - Lvl | | # |

Long distance cam 2
Stereo camera

A car level 3 will embed for
$2200 of sensors for AV e

Radar LRR |

Ultrasonic 8
Camera surround
4 ubolo

Radar LRR | Stereo camera LIDAR

bolo i
Camera for | Radar SRR s Dead reckoning
surround LIDAR 1 e —
Camera for X
TOTAL TR Dead reckoning |

TOTAL TOTAL 29

(Yole Développement, October 2015)
http://i-micronews.com/component/hikashop/product/sensors-and-data-management-for-autonomous-vehicles-report-20 1 5.html
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ADAS IN CHINA

How to Collect Product
Igorithm
Company Target Market _ Camera Resolution ADAS Alg Yehicle Data Standard

Processing
Platform
EveQ®

1. OENM market
2. Aftermarket
Hobileye
{(Israel)

1. Original equipped Ambarella Al2
Letv on LeSEE self-driving
{China) car
2. Aftermarket

OEM market 1. NEC
Neusoft 2. Intel
{China)

IRVO OEM market Unknown
{China)

. o OEM market
Hinieye

{China)
Aftermarkes
AIDRIVING
{China)

Common Android SoCs

640%480
(38° wisual angle)

4N
{(160° wisual angle)

Unknown

Vehicle detection
. Pedestrian detection
. Lane detection
. Traffic sign detection
. General object
detection

1. Vehicle detection 1. GPS+G-sensor Unknown
2. Lane detection {Le DashCam 1S )

2. CAN

{LeSEE)

1. Vehicle detection Unknown
2. Pedestrian detection

3. Lane detection

4, Traffic sign detection

648%486 Vehicle detection GB5768
(40° H 38° V visual angle) 2 Lane detection

Unknown

6404480
(65° wisual angle)

1. Vehicle detection
2. Pedestrian detection
3. Lane detection

1. Vehicle detection 1. OBD socket Unknown
2. Pedestrian detection 2. CANBUS gateway
3. Lane detection

Source: “Who Will Become the Mobileye in China?,” http://www.cnpals.com/2016/05/02/who-will-become-the-mobileye-in-china/
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AUTO SEMICONDUCTOR CONTENT GROWTH DUE TO ADAS

Average ADAS semiconductor content per level of automation

i ) i = Full
= Partial High % _
automation g automation ‘ € automation

10% $550

Level 2 Level 3 Level 4 20% [0
s M

25% _poum

W » 5% $400
ADAS content is in addition to current 12% 8 %o % I
$300/car semiconductor content average - 40%

Total BOM
Actuators
Total BOM
Actuators
Total BOM

Sensor Fusion
Sensor Fusion

c
i)
)]
5
(s
|-
o]
(2]
c
(o]
0

Source: Infineon, SEMI’s Semicon Europa’s Fab Managers Forum.
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Partial Autonomous Driving

- An incremental sensing approach embraced by traditional manufacturers.

« |t relies on high sensitivity sensors combined with low-resolution maps, and then
improves map quality using the sensors embedded on each vehicle.

« This solution allows partial automation in every situation as a ‘first step’.

Full Autonomous Driving

- Exploited by Google and Baidu, based on 3D localized maps with high levels of detail,
down to centimeter accuracy.

« The maps are combined with fewer sensors than Partial AD, often using Lidar.

« This solution allows full automation in specific environments and will work very rapidly,
however it requires hard work to keep the maps updated.

==milec
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As society and technology needs grow, More then Moore principles allow for meeting
those needs. In order to bring about new package technologies, one must do the
following:

F=Tn [T=
-22 -



This currently applied approach will not be sufficient to meet the future integration
requirements of advanced SiP solutions.

The very high level of miniaturization and extreme reliability required in future SiPs will
mean that issues such as thermal and mechanical stress management will need to take

into account everything between the point at which heat is generated and the outside of
the package.

It will be further complicated by integration of special functions into the package, such as
sensors, actuators, RF interfaces or power supply components, which may be especially
sensitive to heat, stress etc.

In addition the application environment in which the SiP will ultimately be used will also
need to be taken into account.

Samlec
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GENEOUS IN

Sensors Networking

Logic

Actuators

Electronic ...
Mechanic ...
Fluidic ...
Optical ...

... functions

Functional blocks for heterogeneous system integration

Source: K-J.Wolter, System Integration by Advanced Electronics Packaging

F=Tn [T=
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ADVANCED PACKAGING TECHN

Conformal Shielding

- RF EMI Shielding
WLP

y - Bare die package
----I---‘dI -ShﬂT

Compartment Shielding
- Pkg. Internal RF EMI Shielding

R

WLFCC

wew DOODSW

IPD and Embedded SBS
- Integrated Passive Devices cessnnnne
-EDS & EPS

sessnnne
srsnnane

Double-Side Structure
- Substrate Interposer
- Exposed Molding

Stacked Die / Pkg
- Flip Chip & Wire Bond

SMT

- Passives

- Connectors
- Rigid or Flex

AoP [Antenna on Package)
- Antenna Integration w/ MCU
for 2.4G/5G/60GHz

Source: C. Zinck (ASE),“MEMS & Sensors packaging: The challenges ahead,” http://embedded-
computing.com/guest-blogs/mems-sensors-packaging-the-challenges-ahead/

- 25 .
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CKA

System-in-Package (SiP) is defined as two or more dissimilar die assembled into a standard
footprint package to create a functional system or subsystem.

SiP contains other components such as passives, filters, MEMS, sensors, and antennas.

Characteristics of a SiP vary widely and the major attributes can differ depending on
application (see chart below).

Wearable electronics
Wireless
Automotive electronics

Power electronics

Low power, cost, miniaturization, and high yield assembly
Integration, form factor, cost, and shielding

High power capability, reliability, testability, and form factor

Power efficiency, miniaturization, and EMI shielding

=26 -



System in Package:

...is a package or module that contains a functional electronic system or subsystem
that is integrated and miniaturized through IC assembly technologies.

...involves heterogeneous integration of diverse functional parts into a standard
package format. It can include passives components and mixed assembly technologies.

...is two or more components with different functionalities packaged as a system or
subsystem.

...defined as multi-component, multi function products in an IC package.They require
high-precision assembly technologies, which leverage Amkor’s strengths.

Bill Chen,ASE: “Heterogeneous Integration refers to the integration of separately manufactured
components into a higher level assembly (SiP) that in the aggregate provides enhanced functionality and

improved operating characteristics.”
Source: 2016 MAPS Device Packaging Conference, |15-17MARI1 6, Fountain Hills,AZ

F=Tn [T=
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Source:Top 10 Suppliers of Car MEMS Sensors, http://spectrum.ieee.org/cars-that-
think/transportation/sensors/top- | 0-suppliers-of-car-mems-sensors
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Manufacturing is more than just
putting parts together. It's coming
up with ideas, testing principles,
and perfecting the engineering, as
well as final assembly.”

— James Dyson, British inventor

!
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|IC, MEMS, & Sensors Packaging in
Autonomous Vehicles

Sanmlec




Automotive Requirements: Reliability, Zero Defects, Supply Guarantee,...

g
i e |smm s

e | R |
—r-

Standards (ISO 26262,AEC-Q100/101/200, TS 16949,...)

ﬁl
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TYPICAL IC & MEMS PACKAGE TYP

Mold
(EMC)

Ball Grid Array (BGA) System in Package (SiP)
Stacked Die Package Package on Package (PoP)
e o

Same Size Stacked Die Package Molded Flip Chlp CSP

Samlec
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silicon die

silicon die
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25 to 50um Pitch
10 to 25um ¢
10 to 25 um height

80 to 150um Pitch
40 to 75um ¢
60 to 80 um height
500 mA

300 to 1000um Pitch
180 to 550um ¢
75 to 400um height

5000 mA

. —1=100][=
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More than Moore is working because of package technological innovations and

product differentiation like 2.5/3D package integration.

o[
a
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WHAT IS ADVANCED PACKAGING?

Integrated-circuit packaging has evolved since the 1970s.

Dual in-line Small Pin-grid Ball-grid Chip-scale Package 2.5-D integrated
package outline array array package on package circuits
package

Quad flat Leadless Quad flat, System in Wafer-level 3-D
package chip carrier no-leads package package integrated
package circuits

Source: IC Insights; Yole Développement; McKinsey analysis

Source: McKinsey Report - Advanced-packaging technologies: The implications for first movers and fast followers




Source: R.Alapati, “Convergence on the “Big Five”: Focus on Laminate-based Advanced SiP” 30JUN 6,
http://www.3dincites.com/2016/06/convergence-on-the-big-five-focus-on-laminate-based-advanced-sip




Stacked
interposers

3D

Advanced
PD & VCSEL
Si Pho

VCSEL-
based
micro-optics

2.5D

System-in-

Package
2000-2010s
Multichip
Modules

(MCM)
1990s

Sensor
Packages
1980s

Package Integration Level

2D
>

Interconnect type Wire bonds Flip Chip Microbumps Die-to-Wafer Wafer-to-Wafer ——N —7—
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High-Frequency Designs

« 400 MHz buses becoming common

« On-chip exposure to package noise
Simultaneous switching noise
Package resonance

Tighter Turnaround Time
- Package design convergence
- System design convergence

High Density Packaging

-39 -



DEVICE PACKAGING INFRASTRUCTURE

Multichip Module

S)’Stem in (MCM) a— ~ Metal can assembly
Package (SIP) 3 1 5%
bo 9 o Ceramic packaging
- E -g- -\ Adapted moulded packaging
00 Metal can 28
g Pa.C kage _g N Lid to wafer packaging
O © erbonding based packagin
D(S Single Chip Ball Grid Array 2. i
Package (BGA) 2 T
0 S i
O . N S goe s 10 .
.; CeramIC Package 5 \Il:m film encapsulation
(D g 3D packaging
a 2.5D Integration
Wafer Level
Package (VVLP) Compatibility with high volume electronics

3D Integration
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System Specifications

Co-design Project
Manager

Co-Design Task
Owners




Overcome
problems earlier

/

Be knowledgeable Suggest
in other areas of alternatives real-
engineering time
Question : :
[whether all issues Makﬁ dennﬁgl:tesrlng
are addressed Juce

F=Tn [T=
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DESIGN

_ 45 .

Pre-layout Analysis

Electrical, thermal, cost
optimization

Electrical, thermal,
thermomechanical, system
integration, cost
optimization

Compact models, reliability
models

ANALYSIS

SAITHELS



Higher integration level

- More performance with less space

System solutions

« System integration on package level

New memory solutions

- 3D memory (e.g., Hybrid Memory Cube (HMC), High Bandwidth Memory (HBM), 3D NAND
- Alternative memory technologies (e.g., Magnetic RAM , Resistive RAM , Phase Change RAM)
Engineering Challenges

- Higher performance & Reliable over lifetime

«  System cost reduction

- New players with new responsibilities (e.g., ISO 26262)

- New challenges for failure analysis

F=Tn [T=
- 46 -



Glass is a superior dielectric & low insertion loss
- RF, BLE, Millimeter wave

Produced in large panels add to lowering cost
- Manufacturing costs and scale

Hermetically sealed vias
— Reliable MEMS & Sensors packaging

Active elements can be processed on surface
- Enhanced signal integrity and wireless transmission

Glass can be chemically and optically etched
- Opportunities in biosensors and optical/photonic devices

Wiosone

[ LLLL

(AL LN
SponEee
oocase®
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Taking discrete components and placing them on a common interposer platform.

Glass interposers provide a low-loss, flat, fine-pitch (10-25um L/S) module platform.

Baseband

Passives

Source: Anysilicon.com, RF Package Design Focusing Portability

=T [=
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High Temp High Power MEMS & Sensor § Communication
Electronics Electronics Electronics Electronics

Source: R. Tummala, et al.,“New era in automotive electronics, a co-development by Georgia tech and its
automotive partners,” 2016 Pan Pacific Microelectronics Symposium (Pan Pacific), pp. |-4. m‘te_'ﬂ
- 49 . ——— 3|




Glass Interposers

Microstructured Glass Substrates

Hermetic Glass Package

—  Optical/Photonics Integration

Samlec
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Device Technologies & Applications
- LED: GaN-on-Si based devices
- Laser: High beam range with new materials

e OLED: organic semiconductors for new design trends

 Digital Micromirror Device: hundreds of thousands of individually adjustable
micromirrors

Engineering Challenges

- Thermal management on device, package, and system levels

- System packaging / device packaging

- Automotive qualification standards to cover environmental stress

-5] -
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VARIOUS FAN-OUT WAFER LEVEL

Traditional WL-FO Die First HD-FO Die Last HD-FO Today’s Package-on-Package (1.0mm)

Face Down Die Placement RDL and Cu Pillar on Carrier RDL on Carrier

I
e
# J???PFWWW

: Face Down Die Pl -]
Molding and Carrier Removal Face Up Die Placement ace Down Die Hlacement

Molding
RDLand BGA Attach Molding, Thinning/Cu Via

Exposure

Carrier Removal, RDL and
RDL and BGA Attach BGA Attach

Singulation

FO-WLP as Bottom PoP (<0.8mm)

Singulation %j !
rq%{::." £

Carrier Removal

Source: GlobalFoundries, adapted from Amkor, ASE, SPIL, STATS ChipPAC, TechSearch International, Inc., IFTLE, TSMC websites.
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NXP Radar Module in FO-WLP

Source: NXP

Freescale 77GHz Radar System

Continental announced it is integrating Freescale’s 77GHz
radar technology into its next generation short- and mid-
range automotive radar modules

Source: Freescale
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SYSTEM COST FOR RADAR SIGNIFI
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Key Innovation Steps

Vision “Zero”
+ Autonomous Driving

—

Technology
& Device

ATLAS IC

15t SiGe 77GHz
Transceiver

Next Gen. of Dual
Chip Radar Solution
600 GHz RF,
Dual Chlp Radar AURIX™ 3rd Gen, Power

. Supply
Solution

. 18t complete System
Mid Range Radar || ¢, tion: 400 GHz RF,

15t 77GHz product in uC, Power Supply Mid and short range

eWLB package
Single Chip Radar
Solution (cM0S)

System
Architecture Long and mid range

_—

Source: Infineon, 2015 Semicon Europa, Fab Managers Forum
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High-Speed Communications Enablers

Sanmlec




There is a changing landscape and the diverse requirements for the next generation self-
driving cars.

Technology developments are supposed to mimic high bandwidth centralized or de-

centralized computing and 5G-like communication technologies that are expected outside
the car.

]
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=
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PACKAGE INTEGRATION NO

Metal layers

e #: Wire bonds
«— Device layer RS /

Chip substrate \ Flip-chip bumps

2 COCICOCHICICOHICH O T

[ " e

Package bumps
«— Circuit board

Die #1 Die #2
Flip-chip bumps

| e e e | o ——————
OOOOOCICHC) OO

+«— SIP Substrate

D OO oo oo oo®ema <« Package bumps Micro-bumps
«— Circuit board

SIS Ielelelelelelelele e e T

2.5D SiP w/ Si or Glass I I I I

interposer and TSVs [FOmRERERARAEEEAEEAEEE T\ Fip-chip bunps

GECXOEOAOAOAOAOAOAOXO KO KO KO X! SiP Substrate
Package bumps
Circuit board

Source: C.Maxfield,“2D vs.2.5D vs.3D ICs 101,” http://www.eetimes.com/design/programmable-
logic/4370596/2D-vs--2-5D-vs--3D-ICs- 10|
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— Flip-chip bumps
— SIP substrate
+«——— Package bumps

/2 <«— Circuit board

Metal wires
running down
the outside of

the die

eTeTeloTeloteloTololvtotetolotote

------------- ST f,-.c.:' SiP substrate

D oToleIeT

G

2 " » «— Circuit board
S EANTE H2) - Vertical Chip Interconnect

Source: C.Maxfield,“2D vs.2.5D vs.3D ICs 101, http://www.eetimes.com/design/programmable-
logic/4370596/2D-vs--2-5D-vs--3D-ICs- 10| — —— g 't ——

Package bumps
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INFINEON AURIX™ AUTO MICROPROCE

LQFP-144

TQFP-80  TQFP-100
Q Q TQFP-144

LQFP-176 LFBGA-292 BGA-416 LFBGA-516

9x Series TC297 TC298 TC299
up to 8MB 300MHz 300MHz 300MHz

|

7x Series TC275 TC277
up to 4MB 200MHz 200MHz

1 1

6x Series TC264 TC265 TC267
up to 2.5MB 200MHz 200MHz 200MHz

|

3x Series TC233 TC234 TC237
up to 1IMB 200MHz 200MHz 200MHz

1 1

2x Series TC222 TC223 TC224 . .
uptoIMB | 133MHz 133MHz 133MHz2 Package options include leadframe (QFP)

I I I and area array (BGA) packages
1xSeries | TC212 UEZ TC214  Infineon has introduced two Pb-free BGA

up to 512KB 133MHz 133MHz 133MHz q ofa
P (LFBGA) device families

Source: Infineon Technologies.
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AUTOMOTIVE MCUS BY PACKAGE TYPE & PERFORMANCE
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16-bit MCUs

8-bit MCUs

Source: TechSearch International, Inc.
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32-bit MCUs

ADAS functions are driving higher
performance processors with higher pin
counts

Flip Chip BGA (FCBGA) devices creeping
into AEC-Q100 grade | for ADAS
applications



Given that there are now multiple sensors in a vehicle, different types of data will be
coming into the vehicle and must be sorted out to give the driver the safety information

they need.

Sensor Fusion is the name of the game. Because there are different kinds of radar sensors
and image sensors, there is an effort to centralize these ADAS functions, which in many

applications are distributed within the car.
These include radar ECU modules, image processing ECU modules, and back ECU modules.

TIDA-00271 - ADAS Sensor Interconnect Reference Design Board
for Remote Camera and Radar Modules

Samilec
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High-Reliability Requirements
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I AUTOMOTIVE DEVICE PACKA

An increased number of “not designed for automotive” semiconductors are being used in applications

Zero defect quality and 15+ year reliability at the ECU level

Shortcomings can be mitigated by collaboration among automotive OEMs, Tier 1 suppliers, and component
makers by 1) modifying vehicle and/or 2) changing device mission profile, and 3) adding system level

solutions such as redundancy, external component protection, and/or cooling

DIS Chassis & Safety ADAS Body
Grade 3 & 2 Grade 1 Grade 1 Grade 1
-40°C to +105°C -40°C to +125°C -40°C to +125°C -40°C to +125°C

CAN L. B

X @
ethernet N

TEST METHOD [ Dwwor ]
E

Temperature AEC-Q100,
Cycling JESD22-A104

High Temperature AEC-Q100,
Storage Life JESD22-A103

Powertrain
Grade1 &0

-40°C to +150°C

Grade

- 65 -

Source: Freescale.

Sanmlec




Automotive components, like any other devices, need to comply with certain
specifications or standards.

Most well-known technical specification for automotive suppliers is ISO/TS 16949 quality

management system (QMS), prepared by the International Automotive Task Force (IATF),
in conjunction with the International Organization for Standardization (I1SO).

Automotive Electronics Council’s AEC-Q100 standard provides a guideline for failure
mechanism-based stress tests for qualification of automotive integrated circuits.

F=Tn [T=
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In the AEC-Q100 document, a comprehensive set of qualification tests is recommended for
different grades (segregated according to different operating temperature) and/or
different packaging (plastic or hermetic).

It stipulates the quantity, coupled with variability, of samples required per stress test.

The qualification groups, see next slide), involve accessing the assembly and packaging
parameters before performing electrical testing.

Parts are then subsequently subjected to various electrical, environmental, as well as
mechanical stresses, to ascertain the reliability of the parts for automotive applications.

Samlec
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Test Group D Test Group E

Test Group C Test Group F

Test Group A Test Group B Test Group G




Starting at the foundry level, Test Group D evaluates reliability of foundry process and its
design rules.

- These tests are typically performed by wafer foundry and reliability is checked through
critical data monitoring using wafer level reliability (WLR) (e.g., electro-migration and

hot carrier injection).

For assembly packaging, in-process tests under Test Group C include wire pull tests,
physical dimensions validation, and solderability verification to ensure package assembly
robustness.

Test Groups E and F assess the performance of the parts in terms of statistical distributions
and electrical characteristics.

Test Group G is classified as cavity package integrity tests, which recommends specialized
tests applicable only to hermetic components (e.g., leak rate).

F=Tn [T=
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Test Group B simulates accelerated lifetime to assess reliability.

« A common test in Test Group B is the High Temperature Operating Life (HTOL), where

parts are biased under high temperature over time to screen for potential failure modes

during actual operation. Biasing conditions are carefully considered to ensure electro-
optical devices and silicon ICs are well-assessed.

- The packaging was also designed to cope with heat dissipation from the chip set.
Test Group A utilizes various accelerated environmental stress tests.

«  Common tests are Temperature Cycling (TC) and Autoclave (AC), to evaluate reliability
under harsh environments with temperature and/or humidity extremes.

F=Tn [T=
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Long life under extreme temperature ranges, high humidity, high number of extreme
temperature cycles, instable voltage conditions, and harmful chemicals & gases, every
failure is returned.

Power devices and packaging focus on emerging developments in wideband gap
devices (e.g., GaN) and the associated ultra-high power density and high temperature
packaging required for next generation of automotive applications.

Issues of thermal management are challenging and the needed device-package
integration (co-design) into automotive systems.

These packaged devices are used in AC/DC converters for battery chargers, DC/AC
inverters for driving motors, and DC/DC converters for running peripheral devices (e.g.
entertainment system).

-7] -

Samjec



UTOMOTIVE VS. STANDA

Depending on desired temperature grade
Grade 0: -40°C to 150°C
Grade 1: -40°C to 125°C Qualified to Grade 1,
Grade 2: -40°C to 105°C possibly accelerated
Grade 3: -40°C to 85°C
Graded4: 0°Cto 70°C

Stress Conditions

Room temperature, and
Electrical Test hot and cold temperature extremes Room temperature
per temperature grade

Corner pins = 750 V. min. and
ESD-COM all other pins = 500 Vmin. All pins =250 V min.
different test method and tester

. . Cpk>1.33 and Ppk >1.67
Physical Dimensions P2 P Meet datasheet spec
across all dimensions

Unique Stress Tests 1.Power Temperature Cycle
to Automotive 2.Bond Pull after Temperature Cycle
Qualification 3. Early Life Failure Rate

Wafer fab technology
qualification = 3 wafer lots, and
package qualification= 3
assembly lots

3 non-consecutive wafer lots, and
3 non-consecutive assembly lots
for all qualification types

Composition of
Qualification Lots

Source:Texas Instruments, “Get Your Motor Running: AEC-Q 100 automotive grade drivers,”

https://e2e.ti.com/blogs_/b/motordrivecontrol/archive/20|3/08/23/get-your-motor-running-aec-q | 00-automotive-grade-drivers

_72 -
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TYPICAL AUTOMOTIVE 125°C MISSION PROFILE

Right slope is frozen after technology,
packaging, and product development.

,'\, L It can only be influenced by
Limited DFM effort in design temperature profile.

Less reliable technology

( Typical consumer component

Limited test coverage / DFT

«— Safe launch : . Automotive component
8D corrective actions

Life time years

Source: Freescale
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SEEN THE ENEN

D Leakage power |

i
” Dynamic power |

]

Leakage (mW)

Power density
(watts/cm?)
)
S

45 65 85

Temperature (°C)

130 20
Process node (nm)

Note that leakage rises exponentially with temperature in a vicious cycle.

Source: James Maliniak,“We Have Seen The Enemy,And The Enemy Is Heat,”

http://electronicdesign.com/article/power/we-have-seen-the-enemy-and-the-enemy-is-heat 14949
Samjec
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MPERATURE

Grade 0 Automotive (under-hood)

Grade | Automotive (in-cabin/vehicle)

Grade 2 Industrial

Grade 3 Commercial
Grade 4

AEC-QI00 defines five different temperature grades that specify ambient operating temperature range as
part of stress test conditions for a given electronic device or Integrated Circuit (IC).

Devices for automotive applications, here the infotainment system, shall pass at least grade | qualification.
Therefore, special design at IP and SoC level, package selection as well as PCB design and technology
selection shall be done accordingly.

Samlec
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New interconnect & packaging

« Planar electronics, sintering, 3D integration

New device materials

- Wideband gap semiconductors (e.g., SiC, GaN)

Cooling technologies

« 3D cooling, high temperature electronics

System integration

« Modular power electronics, logic integration, ultra-low inductance

Engineering Challenges

- Design to costs, power-to-weight ratio, power density, design to reliability, system efficiency
- Create automotive standards for electric mobility (first steps VW82324-LV324)

F=Tn [T=
-76 -



Semiconductor Supplier Considerations

« -40°Cto 125°C : Not many semiconductor suppliers can do this
- Stable supply of a product for 15 years is also a factor

Electric cars requiring high power result in having high-temperature electronics that
include:

« Innovative and emerging high-performance device
- Dielectric, interconnection, passive and molding compound materials

« Structures to achieve ultra-high high reliability with continuous operation of up to
250°C for 8000 hours
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TYPICAL RELIABILITY TEST SEQU

ENVIRONMENTAL MECHANICAL ESD / EMC

High Temp
High
Humidity
(Unbiased
HAST or
autoclave)

Temperature
Cycle
Endurance
[similar to
HAST)

Free Fall Drop
Mechanical Constant Cavity or non

Shock Acceleration -Cavity Drop
Test

Low Temp High Temp High Temp
Storage Storage Operating
Life

Pb Free Board Flex

——

Vibration

High Temp h | Board Level Early Life
Startup Humidity [ | T0=rma Reliability Failure Wire Bond

Cycling Hiraies Test Rate Die Shear s°'5dher 2l Pull and Solderability
ear Shear Latch Up
Visual s [Fi Internal .
Temperature ) ross / Fing R Lead Acoustic Lid Torgue
Inspection for Leak Integrity Microscopy q
Migration Vapar

Steps

Note: Pre-conditioning: 3x Reflow to simulate customer manufacturing and rework processes is required except for EMC ESD and Latch up tests, See Subsequent Tables for Applicability of each test.

ELECTRICAL

Pre and Post Characterization i i Electrical Statistical Bin Limits L0 B (e,
Stress Functional Characterization Fault Grading N Part Average Testing . . o Soft Error Rate Data Retention, and

Distributions Statistical Yield Limits
Tests Operational Life




Reliability concerns implies that details matter
Some SIP and modules are relatively simple and AEC-Q100 can apply as is.

Complex SIP and modules will require a thorough FMEA approach to understand and
then quantify the risk.

Multiple materials
Multiple silicon sources
Thermal management

Characterization concerns

SIP and module “solution” complicates

Fault grading understanding
Performance interactions

Samilec
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Unique Packaging Elements in
Autonomous Vehicles

Sanmlec




A variety of next generation self-driving sensing technologies beyond those that are currently used for:

Forward collision warning
Lane departure prevention
Parking assist

Rear-cross traffic alert
Adaptive cruise control
Blind spot detection

Rear and forward cameras

Next generation of Long Range Detection radars based on advances:

SiGe device technologies

Package integration

Miniaturized and high performance LiDAR modules with advances in 3D photonics with faster reaction time
Miniaturized 3D mono and stereo cameras.

ﬁl
.

- 8] -



AM

1D Angles

Angles Any
GIAG

2D Pointing

Angles Any
AM 3

Tilt
Gompensated

3D Angles

3D Angles

Angles
AGM

3D Angles

Angles Any
AGM|AG 25

3D Angles

Angles Any

Source: Bryon Moyer, Sensor Chemistry, http://www.eejournal.com/archives/articles/20120423-movea

3D MMI
Online

Recognition Hand

G

2D MMI

Trinnarad

Steps
BW’I)FW
L/R/Diag

Recognition
A|G

Supervised
On-Demand

Recognition
A|G

Advanced

Walk Style

Torso

Posture

Foot | SpecReco  Torso

31
Tennis
Stroke &
Spin
Any | SpecReco
A

Swim

Supervised
On'-’Demand Stroke

Recognition

Online

Any | SpecReco

Continuous

Recognition

Any | SpecReco

AM|AGM 50

Basic
Avatar

MoCap
AM|AGM 55

Full
Avatar

MoCap
AM|AGM 60

Networked
Avatar

MoCap Any
AM|AGM 65

Bio-
Mechanical
Avatar

MoCap Any

AIGIM

Basic

Originally for mobile phone sensor
development, this method can
extend to AV sensor fusion.

AGIAGM 16

True i
Frequency Acceleration

Frequency

AlGIM

Advanced
Frequency

Frequency

A|GIM
Cadence

Fquency

Any | Acceleration Any
AM 10
Relative
True i
Acceleration

Any | Acceleration Any
AM 12
True
Foot X
Acceleration

Any | Acceleration Foot
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Sweet Spot

Detection  Hand
AM

Elevator
Detection

Detection Any
M

Lap
Counting
Detection  Head
M 3

U-Turn
Chronodating

Detection  Head
AM

Stroke
Count

Detection
M

Basic
U-Turn

Detection
A

Stillness /
Shock

Detection Any

Planar
Speed &
Distance

Speed

Velocity
Speed Equip

Speed &
Distance
Speed
Phased
Foot Angle

Speed Foot

Olgtimized
Acceleration
Trajectory Any
AGM
Enhanced
Acceleration
Trajectory Any
AG 18
Pedestrian
Navigation

w/ Map

Trajectory Foot
AM

asic |
Pedestrian
Navigation
Trajectory Torso
X

3D
Trajectory

Trajectory Any
AM

3D Foot

Trajectory  Foot

3D Hand

Trajectory Hand

|
m|
o
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AUTONOMOUS VEHICLE SENSOR

HMI, 2 . .
Navigation , Much like non-automotive MEMS

& Sensors applications, FUSION
provides more intelligence and
comprehensive actuation of entire
vehicle.

Source: M. Muli, (dSPACE),“Autonomous Technology Is Disrupting Conventional Automotive Development — Are You
Prepared?,” https://www.dspace.com/en/inc/home/news/blog-inc-1605.cfm — =M l—'L| = .
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SENSOR FUSION: SENSE, UNDERS

Centralized processing Distributed processing

— A, — e —— - -,

Sense Understand Act
Cameras + Sensor Processing \ Do nothing
Radar + Sensor Processing

/ Control
Lidar + Sensor Processing

Source: H. Estl (TI),“Self-Driving Evolves Through Advanced Driver Assistance,’
http://electronics360.globalspec.com/article/6010/self-driving-evolves-through-advanced-driver-assistance —= =Tv1 | j —
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AUTONOMOUS VEHICLE SENSING PATTERNS

blind spot intersection

reoar crash
Blind Spot

ACC (77GHz) Parking e sotensis Adaptive

. el Cruise
8 { ” y | A - Avodance:
overtake ) - T e Nigaion  Control

rear collision
warning

blind spot

Emergency Braking

Pedestrian Detection Reerc .
Collision Avoidance __Mapping

Adaptive
Cruise Control

Rear

gnvironmert / Collision

Mapping Lane Departure Warning
Warning

RADAR APPLICATION

ULTRASONIC Digital Side Mirror
M Long-Range Radar Surround View
B LIDAR
Camera
I Short-/Medium-Range Radar

letruRed Video Short-Range Ukrasonic Video
Rada () Radsr {us)
(LRR) (3RR)
fLm-1630m 02 1700m C0Mm-B00x 32m.-200m 02m-30m GAm-800m
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GPS helps navigation of the
vehicle and also transmits
vehicle data for the purpose
of diagnostics & prognostics

3 RADAR Sensors
(Bow-mounted
stereoscopic
sensors)

_

Forward sensing radar monitors
the distance of the vehicles and
obstacles in front

360 Degree Laser
detection (LIDAR)

Lidar senses the driving
environment around, including
tracing lane markings and road-
width

_

A Stereo- or a Mono-vision camera for forward-looking
functions such as traffic sign recognition, traffic signal
recognition, peer vehicle movement & trajectory projection,
besides pedestrian and obstacle detection.

RADAR Sensor

Source: Frost & Sullivan analysis.

Position
» Estimator

Data from various sensors and vision inputs are fed into a Ultrasonic sensors may be used to
central control unit that controls vehicle dynamics module and measure the position of objects very
drive commands. Algorithm to be sophisticated to understand close to the vehicle, such as curbs and
driving environment’s direct and indirect messages in terms of other vehicles when parking

traffic and maneuvering
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RECOGNIZING SURROUNDING EN

Further development of sensors (e.g.,
functions, performance) enables 3D 360°
recognition of surrounding environment

Surround View

Traffic Sign
Recognition

Emergency Braking® N " 4
Pedestrian Detection 3 : ' Park Assistance/
Collision Avoidancg

Adaptive
Cruise Control

Surround View

Lane Departure
Warning

Surround View '

I Long-Range Radar
B LIDAR
Camera
B Short-/Medium Range Radar
B Ultrasound

Source:Texas Instruments, Advanced Driver Assistance (ADAS) Solutions Guide (2015)
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N

AUTOMOTIVE DRIVER ASSIST.

. Infmeon s CEO provides drivers ADAS:

Traffic fatalities (1.3 million deaths per year; 90% caused by
human errors)

« Less accidents, lower insurance rates

«  Less traffic congestion (U.S. commuters spend 38 hours per
year in traffic jams; cost of $121 billion/year)

« Increased commuter productivity
- Improved fuel efficiency (up to 50%)

- Many safety features for automotive
- Sensor technology to collect and process information
« Computing for data analysis

- Packaging trend is leaning toward Fan Out Wafer Level
Package (FO-WLP)
- Many packages are SiP used for radar modules
«  FO-WLP format (Freescale, Infineon, NXP)

- 88 -

LRR Radar

(77 GHz)

SRR Radar
(24 179 GHz)

Sensor Technologies
for Driver Assistance Systems

Source: Freescale
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« Light Detection And Ranging (LIDAR), which is mounted on vehicle roof is most important
device in Autonomous Vehicles.

LIDAR consists of: Emitter, mirror and receiver

Emitter sends out a LASER beam that bounces off a mirror that is rotating along with cylindrical housing at 10
revolutions per minute.

After bouncing off objects, the LASER beam returns to the mirror and is bounced back towards the receiver,
where it can be interpreted into data.

Autonomous Vehicle can then generate a map of its surroundings and use the map to avoid objects.

e Current LIDAR suppliers

Velodyne : http://velodynelidar.com

Ibeo: http://bayern-innovativ.de

Quanergy: http://lidarusa.com

Leddartech: http://leddartech.com

Phantom Intelligence: http://phantomintelligence.com

ﬁl
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LIDAR rapidly developing for automotive applications — will add to robustness under poor
lighting conditions for pedestrians & other vulnerable road users.

Most LIDAR systems used in autonomous cars are based on Time of Flight (TOF) range
measurements.

Today’s systems are typically several cm?3 in size and offer 10’s of cm ranging resolutions at
an object distance of 10m.

For better ranging resolutions, high speed detectors and electronics are required.

B
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Laser performance requirements

Range: Maximum distance for target of defined size and reflectivity (Typ. 30 — 300m)
Wavelength: 905 / 1550 nm

Peak Power & Pulse Width: High power / short pulse width for Eye Safety (Typ. 75W ; <
5ns)

Package: Small package w/ Integrated driver

ﬁl
.
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{0

Sensitivity : High (50 A/W) -> APD ; Low (0.5 A/W) -> PIN Photodiode
Wavelength : 905 / 1550 nm; compatible with laser peak wavelength
Cost: APD typically 20X more than Photodiode

Package : Single / Array; depends on system design

Fast switching time (10 ns) ; linear response ; small temp. coefficient ; Preferred in Flash

Photodiode LIDAR

Phototransistor High photocurrent ; small package ; cheaper ; higher temp. coefficient

Avalanche Photodiode (APD)  High SNR / voltage supply / temperature sensitivity / Price ; Preferred in Scanning LIDAR

Higher gain than APD at lower operating voltage; Dynamic range / recovery time poor -

Single Photon Multiplier , )
improving

-92 -
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Source: “LiDAR Boosts Brain Power for Self-Driving Cars,” http://eijournal.com/resources/lidar-solutions-

showcase/lidar-boosts-brain-power-for-self-driving-cars
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R&D: DEVICE & PAC

This conceptual image shows an integrated 3-D
camera with multiple pixels using the frequency-
modulated continuous wave (FMCW) LIDAR 3D
imaging technology. Courtesy of Behnam
Behroozpour, UC Berkeley.

This 3-D schematic shows
MEMS-electronic-photonic

heterogeneous integration.
Courtesy of Niels Quack, UC
Berkeley.

Samjec
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Purpose: Object-detection system that uses radio waves to determine the range, angle, or
velocity of objects.

Range: 24-77GHz frequency
Less unaffected by: adverse weather conditions, pollution, external illumination

Data streams: from radar signals contain distance, speed, object recognition (in the
future).

B
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As cost decreases, radar systems (e.g., for blind-spot detection), are being installed in more
classes of vehicles.

Automotive radar systems can be classified in two sets:

« Long-range radar (LRR) - $125-150 (up 200m)

«  Medium/short-range radar (SRR) - S$50-100 ASP (0.2 to 30m)
LRR systems are always mounted in front of car and look forward.

« These systems see distances of more than 100 m and are typically used for adaptive
cruise control, brake assistance and collision warning.
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RADAR PACKAGING

Second-generation
long-range radar

Third-generation Source: R. Stevenson, “Long-Distance Car Radar,’
long-range radar , http://spectrum.ieee.org/transportation/advanced-

cars/longdistance-car-radar, 29SEPI |.
Radar dome

Robert
Bosch’s LRR2

Printed circuit
board for
processing and
power supply

Radar dome

Robert

Bosch’s LRR3 < > Device technologies
Body with 4 2 '_ - (GaAs -> SIGe)

separate

connector
Higher bandwidth &
performance

¥

Body ————

>« Radar

printed 1
o S Package Integration
Printed circuit
board for ‘
I A processing and f )
power supply Processor, power, and
— . Plastic backplane radar PCB miniaturization
with connector —— Die-cast < 7

backplane
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Driving factors in the development of long-range radar systems include:

« Areduction in system size
- Lower system power dissipation (allowing for smaller packages and less cooling effort)
« Low-noise components and design (for high signal performance)

- Antenna designs that allow more resolution and better object detection/differentiation
capabilities

- Digital Signal Processors (DSPs) to run the complex software algorithms

F=Tn [T=
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ADAS vision system vendors

- Magna, Clarion, TRW (ZF), Hitachi, Continental, Autoliv, Valeo, and
Panasonic.

CMOS Image Sensor (CIS) vendors

« OmniVision, On Semiconductor, ST Microelectronics, and Melexis

-99 .
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AUTOMOTIVE CAMERA PRODUCT ASP & VOLUMES

2014 CMOS IMAGE SENSOR MARKET LANDSCAPE

Survediance Casweri

(Source: Status of the CMOS Image Sensor Industry report, January 20135, Yole Développement)

000 Action Cam
L ~_High End N

’ S Professional & trcadcast camernas
‘e X b Y

Avelage selling 1

. -\
Vided Camoornder,

Game Statons
Smartphone

applications still

S PMP /|
-

-

take the lion’s

~ | -
~ « _ Smartphones Main

share of the
CMOS Image
Sensor (CIS)

market...

Endoscopes Portable Ga

Feature phones Main L . S
Fortable Game Stations

100 300

Average selling price ($)

800 | Source: Yole Développement, ”Status of the CMOS
AR Image Sensor Industry,” January 2015.
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AUTOMOTIVE IMAGE SENSOR PACKAGING TRENDS
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Package Size (sg. mm)

Relative package sizes are approximate

OmniVision ON Semi Sony OmniVision
0Vv9715 ASX344AT IMX224MQV 0OVv10635
QFP2 IBGA BGA aCsp

Source:TechSearch International, Inc., adapted from company data.
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Source: Fraunhofer IZM, https://www.fraunhofer.de/en/press/research-news/20 | 4/october/miniature-
camera-may-lead-to-fewer-accidents.html __[

0
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Source: B.Wasef, “How It Works: The BMW i8's Laser Headlights,” Popular Mechanics,
http://www.popularmechanics.com/cars/al 084 | /how-it-works-the-bmw-i8s-laser-headlights- | 6905044/

Samilec
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Packaging is still an enormously
important component of
MEMS & Sensors manufacturing.

Technology and economics are
driving convergence and
consolidation between front-
end and back-end manufacturing.

Prior concepts and processes
inhibiting front-end and back-end
convergence and consolidation
are fading.

<

In the future, the MEMS &
Sensors packaging landscape will
look different from today.

- 104 -
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« ADAS is driving more semiconductor content into automobiles
«  Higher level of ADAS = more electronics

- To achieve autonomous driving will need redundant systems similar to airplanes
«  Predicted to be 2X, not 3X as in the case of aircraft

« One method of redundancy leads to sensor fusion where multiple types of sensor input would
be fused together to form decision
- Example: LIDAR + Radar could be used for front collision avoidance
«  This drives higher 1/O counts and greater processing power for microcontrollers

«  Shifts from localized MCU to centralize fusion
«  Shifts from MAP-BGA (Mold Array Process-Ball Grid Array) to FC-BGA (Flip Chip-Ball Grid Array)

- Image sensors fused with processors desirable

« Localized processing of pedestrian recognition, etc.
- Faster image processor speeds drives move to advanced process nodes
- Stacked die attractive, if meets reliability requirements

Source:TechSearch International, Advanced Packaging Update (APU-1-1015).
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Semiconductors and their integration are sources of automotive innovation.

Automotive innovation needs newest technologies.

Combined sensing and imaging systems will provide a more comprehensive solution
(e.g., LIDAR and CMOS camera).

Redundancy (several 360° sensors) are required to ensure fail-safe autonomous action.

Each phase of Autonomous Vehicle innovation imposes different challenges on
semiconductors, packaging, and integration.

System-, module-, package-, and device-level integration are future ADAS challenges.

Complete supply chain has to cooperate at a different level to make tomorrow’s
automotive applications reliable and fail safe.

Samjec
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Next Gen MEMS & Sensors packaging must continue to leverage:

- New materials, processes, technologies, and equipment
— Co-design actions involving chips, package, and systems
— Design for Manufacturability principles

— Innovation & brainstorming

You can't connect the dots looking forward;
you can only connect them looking backward.
So you have to trust that the dots will somehow connect in your future...
This approach has never let me down,
and it has made all the difference in my life.
— Steve Jobs, Entrepreneur

Samjec
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Samtec Microelectronics would like to recognize:

3 Yole Développement (www.yole.fr)

3 IHS’s Automotive Sensor Intelligence Service
(https://technology.ihs.com/Services/548196/automotive-sensor-intelligence-service)

@ TechSearch International (www.techsearchinc.com)
ad SEMI (www.semi.org)
3 JEDEC (www.jedec.org)

3 MEMS & Sensors Industry Group (www.memsindustrygroup.org)

]
o
=
ol
0

- 109 -



G.E. Moore, "Cramming More Components onto Integrated Circuits," Electronics, pp. 114-
117, April 19, 1965.

R. Stevenson, "A driver's sixth sense," in IEEE Spectrum, vol. 48, no. 10, pp. 50-55, October
2011.

R. Tummala, et al., “New era in automotive electronics, a co-development by Georgia tech

and its automotive partners,” 2016 Pan Pacific Microelectronics Symposium (Pan Pacific),
pp. 1-4.
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Thank you for your attention!



