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Automotive Trends and Implications for SoC Design

New Automotive SoC Segments

PCle® in Automotive Applications
* Use Cases
e Examples of Commercial Chips

e Summary
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Vehicle
Electrification

Some barriers
High battery costs
Proliferation of charging
infrastructure
Wireless charging

#DriveWorldESC

Shared Mobility

Aka smart sharing

e Uber
o Lyft,

e Turo, etc.
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Vehicle

Electrification Shared Mobility
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* New use cases * New architecture

e |VI, digital cockpit, DMS e Heterogeneous SoC

* ACC, AEB, ADAS, ADS e NoC (memory coherency)

e OTA, V2x... e MCU, domain and zonal transition (IVN)
* More chips, more integration, more custom * Higher speed memories
* Use of more advanced process nodes * LPDDR5X, GDDR6, HBM2e

e 16nm, 7nm, 5nm.. .. e Higher speed (connectivity) interfaces
* More compute intensive * PCle®3.0/4.0/5.0/6.0

e Sensor fusion, DSP, Al * Larger storage
* More data * More internet connectivity

e Collection, analysis, edge Al * Wi-Fi, 4G/5G, cellular v2x, DSRC
* More software (a lot more) * More security
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Electrification ADAS and Infotainment Zonal Architecture and
Hybrid and EVs Autonomous Driving and Connectivity ECU Consolidation

- ; 4G - 5G, V2X Body/ Chassis Powertrain

Comfort

=5

Infotainment

Auto Semiconductor Revenue by Domain ($M)

70.000 CAGR: 4.6% (2021) — Total semiconductor revenue
CAGR 6.3% ¢ (2021)
60.000 - CAGR: 11.9% (2021) — Auto semiconductor revenue!
50.000 - _—
40.000 - l l 5 % - Infotainment: Connectivity and Telematics/
30.000 - l I I I /
20.000 - . . . . . . 2 % - Chassis and Safety
10.000 - ] I I 2 % - Body and Convenience
'mmm AR | —
©2020 2020 2021 16 % - ADAS: Part. Camera, Radar, Lidar Sensors
IHS Markit

Source: IHS = ADAS Body & Convenience  mChassis & Safety HEV-EV  mInfotainment & Telematics Powertrain
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Active suspension, ABS, Digital cockpit and driver Advanced driver- Autonomous driving

Engine control monitoring assistance system (L1~L3) system (L4~L5)
Mature foundry process  Mature foundry process Advanced foundry Advanced foundry
(90nm, 65nm, and (28nm, 16nm = 7nm) process process
specialty process) (16nm = 7nm) (7nm = 5nm)
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* Infotainment and digital cockpit (including driver monitoring)
e ADAS (sensor fusion — camera, radar, lidar, ultrasound)

e Autonomous driving (L4/L5, ML/AI)

e Telematics (Wi-Fi, BT, C-V2X, GPS)

e Cloud connectivity (OTA, e-commerce)

drive ©SE€  auc16-18, 2021 #DriveWorldESC O informaarcs

WORLD CONFERENCE & EXPO




CPU

GPU

Audio Processing

Video Processing

LPDDR4/4X/5/5X

MIPI D-PHY

PCle 3.0/4.0

Flash I/F

Q-SPI

USB2/3
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Table-stake IP in infotainment SoC

Multi-core CPU
GPU

Advanced memory
MIPI®

PCle® 3.0/4.0
Storage interface
USB2/3

GbE

Automotive

An infotainment chip looks very much like a
ruggedized applications processor for smartphones!
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Level 0 Level 1 Level 2 We Are Here!  Level 3

Manual Cruise Ctrl Traffic Sign Detection Adaptive Cruise Control Highway Chaffeur

Features Manual set of fixed Camera-based traffic sign Camera-based traffic sign Lane keeping and change
speed detection detection 360° surround view of traffic,
No detection of Manual control of speed Automatic control of speed and driver monitoring
environment distance Legal issues
Sensor/ECU No sensors 1x front camera 1x front camera 2x front/rear cameras
1x ECU 1x ADAS ECU 1x front radar 1x front lidar
1x ADAS ECU 1x infrared camera
6x front/rear radars
1x gateway

1x sensor fusion ECU
1x GPS, IMU, DMS
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Traffic Sign
Recognition

Lane Departure
Warning
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UBER SELF-DRIVING VEHICLE SAFETY SENSOR SUITE

LIDAR RADAR
Volvo XC90 el 10
Ford Fusion [ IXITI Y XN 7

Side- and rear- Roof-mounted lidar sensor*

facing cameras

Front-facing cameras

Front-facing
cameras

Lidar sensors mounted

Rear Park
Collision ASS[STW:—*’ on front, wing and rear
Warning ~ Surroun .
View Ford Fusion a

Volvo XC90 »

Radar with
360° coverage

Source: Uber Images: Uber

CAMERA

20

Roof-mounted lidar sensor*
provides 360° 3-dimensional
scan of the environment

Side- and rear-
facing cameras

* Lidar uses laser light pulses to detect obstacles

W. Foo, 28/03/2018
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We Are Herel

4

e —
TOPS / Watt AT—

0.25TOPS <1TOPS 20TOPS 60TOPS 320TOPS

@ 2.5W @ 250W @ 500W

. g X Ve ‘:‘ : . ‘ L o " '\""\: .. : = : S, -"ﬂ- ‘:_i:-‘"‘ - - :“ -;'.

EyeQ3 ZFAS Drive PX2 R-Car V3U Drive PX Pegasus FSD Computer
Black box Proprietary Open system Open system Open system Proprietary
Standard Standard Standard Standard components  Standard Proprietary SoC
components components components components
HW + SW HW HW + ML env. HW HW + ML env. HW + SW + ML env.
Air cooling Air cooling Water cooling Air cooling Water cooling Air cooling
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Planning
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| High-Speed Ethernet Intelligent .
Backbone : Gateways

Multi-Functional
/| Zone Controllers
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High-Speed Endpoint | %\
Connections e

Scalable ¥
Architecture (] I

T MIPLPCe,. -

E Ethernet J . y, - 4 .‘-‘_‘ . .-__.- ’._.-'.
*3/" Zzonal Endpoints : - : [

= Vi b ECU - (111 oo

Redundant Network Consolidation
_ Central CPUs _ Consolidation

= Central ECU

PCl Express® technology is mission critical in Domain and Zonal Network
* Already adopted in multiple generations of infotainment and ADAS SoC

e Key protocol in chip-to-chip communications, central processing and high-
speed end point connections
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Empowering next generation of data
intensive autonomous driving designs bk

Western Digital

IX SN530

Built on the state of the art 96-layer 3D NAND and leveraging the
NVMe architecture to provide unmatched performance in

Western Digital

IX SN530

PCle®: One Base Specification — PCI ¢

automotive industry for years to come. The IX SN530 family is e — . m /SIG
designed to support break through innovation development from M u Itl p Ie For FaCtors CEM Add-i
I U.2 2.5in -in-card
the latest safety and driver assistance systems to autonomous BGA M.2 (aka SFF-8639) -
- aka

driving.
https://www.westerndigital.com/products/commercial-internal-drives/automotive-ix-sn530-nvme-ssd
Add-in-card (AIC) has maximum

STORAGE 0 42, 80, and 110mm . I = system compatibility with existing
Smallest footprint of

Majority of SSDs sol-(-j servers and most reliable compliance

The Role of PCle NVMe Industrial SSDs 16x20 mm PCle connector form Ease of deployment, hotplug, Program. Higher power envelope,  pigh B/ with
small and thin factors, use for boot or serviceability and options for height and length PCle 3.0
By Tauticue Ahmed $, platforms for max storage density  gingle-Port x4 or Dual-Port x2 _ Prevalent in
" 2 hand-held, IoT,

Source: Intel Corporation automotive

P
(SFF TA 1006—83[’)/'// S

-

At Electronica Munich 2018, Micron officially launched the Micron 2100AI/AT-an
industrial- and automotive-grade PCle NVMe Industrial SSD family based on 64- .
layer triple-level cell (TLC) 3D NAND technology. Available in 64GB-1TB BGA and ﬁm
256GB-1TB M.2 form factors, the new 2100AI/AT series is Micron’s first offering ) I|l -
with a PCle interface supporting the NVMe protocol that is designed to address

the needs of the industrial segment: longevity, reliability, quality, ruggedness, and
application-specific features such as namespace, autonomous power transitions,

(SFF TA 1002) *

Multiple form factors from the same silicon to meet the needs of different segments

and boot emulation.

https://in.micron.com/about/blog/2018/december/the-role-of-pcie-nvme-industrial-ssds
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—PCle —I10 Bandwidth

I/O Bandwidth Doubles Every 3 Years 256
(Data Source: PCI SIG) PCle 6.0 x16
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Compute Performance
High bandwidth, scalable applications

System Performance
Latency, virtualization, scalability, security
reach, functional safety, storage

Silicon Performance
Power and thermal requirements

Silicon reliability in advanced process nodes
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— p— F Bandwidth Architecture version/Lane combination

Al

T Scalability Configurable number of lanes

- 'I“ lll.l

Low latency Protocol timers and implementation
-ontroller ' | dependencies

[ ]

j Al EF Virtualization SR-IOV

S— Accelerat
:l I Power management ASPM, DPA, L1 substates, etc.

Security/trusted IDE/DOE, ADISP
environments

 Graphics Processing Unit Functional Safety (FuSa) Implementation specific
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ECU Processing Redundancy PCle Support

.r"** o o . .
- = Bandwidth (5-40Gbps) Architecture version/Lane
1 Backbone combination
REAR-RIGHT ZONE i FRONT-RIGHT ZONE 1000MBps
‘ ZoU** _JH
Z E/E -
: i Low latency Protocol timers and

« Fully scalable

» Single
architecture for
multiple platform

implementation dependencies

Central I

Fusion

gt Long reach Standard and implementation
omogeneous
network (all 1 ili
L (EMC/EMI, reliability)
' T ; ' = + Ready for next
; zc_lff*:'__} % ZCLEP J generations of car
== REAR-LEFTZONE FRONT-LEFT ZONE ==t .
Security/trusted IDE/DOE, ADISP
Sensor Fusion environments
Source: ON Semi webinar, 5/2021
Functional Safety (FuSa) Implementation
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High Endurance Very Low Latency Very High Density
Lifetime > 15 years High bandwidth Fast boot, fast startup
High temp data
retention Guaranteed minimum Virtualization
(Automotive Grade 1  performance for writes capabilities

and/or Grade 2)

PCle®/NVMe SSDs Are Widely Used as Storage Solutions

_ata PCle RAS Features Link CRC, ACK/NAK, Replay
inment || Central Processing ACK/NAK timeouts

End to End CRC

Power L1 substates

Clocking SRIS
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Scalable bandwidth Architecture version/Lane
combination

Low latency Protocol timers and
implementation dependencies

Long reach Standard and implementation
(EMC/EMI, reliability)

Security/trusted IDE/DOE, ADISP
environments

Functional Safety (FuSa) Implementation dependent
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e Standardization
e Well-defined roadmap for protocol
e Commercial (long-term) availability from diverse suppliers
* Interoperability

Certification and qualification for harsher environments and functional safety
* AEC- Q100/1SO 26262 processes
e EMC/EMI requirements
e Temperature and mechanical

o Safety and security
* End to end measures
* Regulatory compliance

e Lifetime
* Aging requirements
* Long-term availability, migration, upgrades
* Backwards/forward compatibility
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R-Car H3 SiP module

Corben-A51

Cortex-AS5T | Cortex-AS3

Cortex-AST

Instrament
Chusher

Cortex-AST I Cortex-AS7 || Cortex-A53 | Cortex-A53 | & -

PCle® interfaces to
WiFi/Bluetooth module

L2 Cache L2 Cache

| Flash G QsPy/ LPDDR4-3200
=== memory HyperFlash 32bit bus Ach

Center dlisg :nl.a;

Video codec processor | 3D graphics processor

HLEES, H. 264, MPEGTM, V-) 0 Pervwar VR Seviepbd| T CS650

I.- (=== — W] Display Out Video n Craml maiteg . " -
Head-up Display [J\{-- Signal Processor Audiio DS ] RA—— ﬁ.udm[odgc —— MIC in
e e, . Video Captuse || imege tocessing i Sexurstogies B Digital Radio w7 )
1!55' I@| @* (B .'_.I '_‘_ iy LF | Ra-d.o -T.-
s s, it Traraport fream [l Image Rendeesr BHigh Spead Sera PCIExi “# Frontend —
> W ik WF ClExpress B madule —
| Digital SATA "'”"HL'FT"""' USB3.0 Hast “l"’,"-__l?”[t"“: - | o WiFBluetooth| | d
TV Tuner | 7 |Comba module
- : Card Hiost LT CAM MOET 1S Ethemet NAL
VDY MMC 17 CAN-FD{2ch) A Ethermiet AVE [f
Blu-ray Disc T e e sl
+ i ,I‘. + METVIC e
| ) .
18 5D MOST INIC | Ether PHY smart phone
SD Card |__| I A i i
vVYw j -
Source: Renesas website In-vehicle ) 2l
LAN USE Davice
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LPDDR4-4267

4x32b
EyeQ5 ) _{_j -
Block Diagram LPDDR4 PHY
LPDDR4
Ctrl & Sched

x4
s

@
" — I
CPU x8 S |\ @
x2 Threads  |O [/ (.f'l__ffg Co';‘rﬂl;:’;s\:zon
Two 16G PCle® 4.0 3 NS 18
interfaces built-in
Feliphorng Interconnect s
Quad/Octal SPI Cache r—l\ |

SD4.1/eMMC5.1 Vi
\ Coherent Hardware Security
\GbE (AVBI/TSN) x2 LI\ Module

PCle Gen4 x2 )/ QoS ..g"l_.:

CAN-FD, SPI, UART, \1
12C, Timers, GPIO,
PLL L4

N\

H) sSensors

ISRAM ﬂ]: VI Interfaces

( ’FLf 40Gbps
/] k-1
Boot ROM / ]
m _

- -

Source: Mobileye website
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Established standards body, vibrant ecosystem, strong technical leadership

Protocol specification and implementation meet the segment needs
e Bandwidth, scalability, latency, security, reach, reliability

Compliance and certification

Broad silicon, software, and IP provider base and ecosystem

Automotive Working Group established in PCI-SIG® to continue work on this exciting new
frontier!
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Thank you!
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