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Automotive Trends

IC End-Use Markets ($B) and Growth Rates

% A Autonomy requires the use of better 30% Celloh
eliphones
Sensors 3 Standard PCs $89.7
&N $69.0
Y~ . . 9 :
M Connectivity enables new forms of vehicle T 20%
@ C communication Y-
a 15% Automotive
s 528.0
E Electrification requires new powertrain ; 10% Tablets Set-Top Digital Tvs ~ Servers
i 16.7 = )
technologies £ o, S1L6 Game Boxes $13.8 > Medical | Internet
) OConsoles $5.8  Gov/Military Wearables $5.9 -~ of Things*
N $10.5 $2.6 \0 $35Q@ $20.9
S Shared mobility creates new standards and T v T 1
@ testing -3% 0% 3% 6% 9% 12% 15%
\ 2016-2021 CAGR

*Covers only the Internet connection portion of systems.
Source: IC Insights




Automotive Micro Drivers

» Airbags, TPMS, backup camera

« NHTSA sets initiatives ($4B over 19 years)
to accelerate ADAS

Fuel econo my an d emission Infotainment . Autonomous Ready Autonomous Driving
. . . A Electronics .
« Japan sets light commercial vehicle fuel 15% (Premium ) 4, Electonics
standard to increase fuel economy by 26% s :
. . a : Centralized Computing System
« U.S. sets 45 — 50% reduction in CO2 - " sl
emissions per mile by 2025 35 Smart Data Center ,*
E2 Machine Learninge
EF >

Social & customer needs

e Connected car
« UBER, ZIP CAR, BMW Drivenow

Real-time

Info Computer i
Mapping

Vision Al Co-pilot




Automotive Focus Areas

In-Vehicle Networking Vehicle Sensors Powertrain &
Electrification
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Automotive Focus Areas

In-Vehicle Networking Vehicle Sensors Powertrain &

Electrification
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What is [VN?

Electronics inside the car
communicate with each other over
In-Vehicle-Network.

IVN wiring is the 3" largest
contributors of overall weight of car
and 2" largest contributors of
overall BOM

IVN requirement:

Reliable data transfer at Automotive
harsh environment

EMI/EMC

Low weight, low cost, low power




Autonomous Car Block Diagram
DOMAIN CONTROLLER

Camera

Automotive Ethernet, LVDS

Sensor

CAN-FD, Automotive
Ethernet, LVDS

Radar Sensor

Lidar Sensor

L3-L5 Autonomous Car

CAN/LIN/
FlexRay

Gateway

Sensors

In-Vehicle Network ADAS In-Vehicle Network
Controller
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In-Vehicle Network
NETWORKS ON WHEELS

Ecus communicate with each other over in-
vehicle network (IVN)

On average there are 30-40 ecus in luxury car
Each ECU have at least one IVN node

Requirements

ECU-1

bus i I

ECU-2 ~

I

.

]

ECU-3 ECU-4
o Low cost, low weight, low power 60.0
o Reliable 50.0
o Withstand harsh environment 5 /
L 400 m—
o High speed, low latency 2 //'
§ 30.0 //f_/
> ==
$ 200 e
E o —
100
o0 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Mini Small Medium ==Large = Executive Luxury Coupe
e *Strategy Analytics 9



I\VN Datarate

The Path Towards Full Autonomy T

(TFLOPS) (Gbit/s)

Level 4-5 " 100 25
Self Driving High-Speed, Reliable & “

Secure Nervous System \

High-Performance Brain ——> 2o

Level 2-3 Local Computing
Decision "Behind” Every Sensor
Assistant Centralized Computing
Integrates Input From All Sensors
(Sensor Fusion) Similar to a
Human Driver’s Brain

Level 1-2
Simple Aid

2010 - 2015 2015 - 2020 2020 - 2025




In-Vehicle Network standards

Automotive Electronics Application Technologies

DATARATE SAFETY INFOTAINMENT- POWERTRAIN BODY ELECTRONICS
TELEMATICS

Sensor DSI3 (airbag) SENT

25-400kbps PSI5 (airbag)

Low speed Control 20kbps LIN, CXPI LIN, CXPI

Multi-master Control CAN, CAN-FD, 10BASE- CAN, CAN-FD, 10BASE-T1S CAN, CAN-FD CAN, CAN-FD

T1S

Safety Critical FlexRay/10BASE-T1S FlexRay/10BASE-T1S

Connectivity 100M-1G 100/1000BASE-T1 100/1000BASE-T1, Apix, 100/1000BASE-T1
GVIF, GMSL

High Speed Sensor 1G-3G FPD-Link, LVDS, HDBase-T, A-PHY, LVDS

NGBASE-T1, A-PHY, 25G
Automotive Ethernet
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Stand. 25Gbps Eth,
APk, SeiDes

. o : : ! ! ! s 10GBASE:T1 p2p
IVN Serial Standards G 'S o« S
: ; y . Apix o i 2.5GBASE-T1 =
1k { 1 1 / ; 1000* """" o s *Swllched
i W00sASETIA | 1500 417 S2N Moo | : Ethernet
a q ""“"",’""'""',’“"""" [ py TSRS £ X - | TRrow Mmsdriceton S
ot £ T e *" e ~
« Standardization ) O i o i . ol
E DZB.‘:"—- Esy!eﬂqm x .;‘ i ',._, ‘ - ' -XL ﬁ deveiopments
- Modulated signals (PAM3 / PAM4 | PAM16) - B e LR
3 g CAN_— ; : : : ; :
= High™ | ; o : : : : A
. o1 ”“”‘ ‘ . M t | : @ b oscontnved
Z - : " H . ‘ ‘ echnologies
« Power over Dataline (PoDL) TR " ﬂ_tln__i__g,gisyf_L___ Oion | 3 =
0,01 : : - - ~ - - >
. . . . 1M995 2000 2005 2010 2015 2020 2025
« Symmetric and Asymmetric communication Year of appearance

Standards
100/1000BASE-T1 (IEEE 100/1000Mbps)
OPEN

. 10BASE-T1S (IEEE 10Mbps) —————
« 2.5G/5G/10GBASE-T1 (IEEE 2.5/5/10Gbps)

+ A-PHY (MIPI 12Gbps)
+ HDBASE-T (1-6Gbps) Y

« Auto-Serdes (13Gbps PAMA4) N AV A once ,A-§A mipialliance

» Optical Automotive Ethernet

CHDBT"

*Source: Dr. Kirsten Matheus, AEC-2019 presentation

e TEKTRONIX PROPRIETARY INFORMATION 12



Automotive Ethernet IEEE Standards

FROM DATACENTER TO PASSENGER CAR

802.3cg

10BASE-T1, 10Mbps,
(S-15m, L- up to 1km)

802.3bw
100BASE-T1, 100Mbps,
PAM3 Modulation (15m)

802.3bp
1000BASE-T1, 1Gbps,
PAM3 Modulation (15m)

802.3ch

10GBASE-T1, 2.5/5/10Gbps

8 & § ¥

Node (Million Units)

Ethernet/MOST/FlexRay Adoption Forecast

| FlexRay |
e | mosT

011 012 2013 2014 2015 2006 2017 018 2000 020 201

Ethernet adoption forecast

* High-speed automotive bus demand estimates 2015 by Strategy Analytics 13
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Why Automotive Ethernet?

» Enables support for high data rate applications
(ADAS, IVI)

o Low latency for ADAS (<250us)
* Well-proven technology, customized for
automotive needs

» Co-exists with lower speed buses
(CAN-FD, LIN, etc.)

» Unshielded single twisted pair cabling designed
for automotive environment and lower cost

« Can reuse existing application layer ethernet
stack

» Uses PAMS3 signaling to meet
EMI/EMC requirement

Advanced Driver Assistance Powertrain CAN (-FD)

Switched Ethernet

b "
S Network

Gateway

infotainment - -

53]
~ Chassis FlexRay

14



Tektronix standards Participation

« Partha:
o Chairperson, MIPI Test working group
o |EEE member Multigigabit Ethernet
o Open Alliance participants

« Ramesh:
o |EEE member Multigigabit Ethernet
o HDBaseT contributor

 Pavel:

o |EEE member Optical Ethernet and
400G Ethernet

€HDBT

mipralliance

15



Automotive Ethernet

Compliance

4 Ensuring Performance
And Interoperability
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Ethernet: TC8 & Its Test Requirements

TC8 = Technical Committee 8
(governing body for compliance
standards)

oSl Automotive Ethernet

. Application  Application / ARP, DHCP, ICMPv4, IPv4, UDP, TCP,

7
: SOME/IP

6. Presentation

5. Session

4, Transport  TCP — | |

3. Network P Tlme_ Syn_c, V_LAN, _Addres_s Resolution,
_ Config, Filtering, Diagnostic

2. Datalink Network Access —

1

. Physical 100/1000BASE-T1 —

e *bold indicates mandatory tests



Automotive Ethernet Test Requirement

Multiple testing needs including physical layer i s
(PMA) transceiver, receiver, communication  'esepszsowmpss OPEN

:::nzt;:::rd for Ethernet 0|EEE ALLIANCE
Channel, and EMC Physical Layer Specifications and OPEN Sleep /Wake-upSpecification

Management Parameters for 100 Mbis SeepWake-up Specification for Automotive Ethernet

Pair Cable (100BASE-T1) ; -
o~ BroadR-Reach®

) p E N Definitions for
« EMC test for common mode chock EEE 100BASE-T1 PHY === |Communication Channel
___ Control Test Suite
* Interop test o IEEE 100BASE-T1 E N
EMC Test Specification for i
ESD suppression devices o
Version 1.0 I A N C E

 PHY control test

_ _ IEEE 100BASE-T1 d .
» Physical coding sublayer test Fysical Mecta Sisctoment o\p__ EMC Tost Specification for
: 10 T Transceivers
) ) version 10 A L L I A I Version draft 0.3
« Communication channel test O p E N : P E N o
* Open sleep / wakeup test Z\LLmE " -
menenad  ALLIANCE
« EMC test for trans receiver e —
 EMC spec for ESD suppression devices =

o .



Automotive Ethernet PMA Compliance

* PHY media attachment e O
compliance test Test Supe Maximum Transmitter Output Droop Test5.1.1
OPEN Transmitter Distortion Test5.1.2
« PHY test mode configuration ALLIANCE Transmitter Timing Jitter (MASTER, SLAVE) Test5.1.3
should be provided by PHY vendor :::::::::;‘“::mtolEEE Transmitter Power Spectral Density Test5.1.4
 Transceiver PHY electrical test o Lo spctcaons W A festods
. . ] 32.7'2:&17:53;:3';3"““ Twisted MDI Return Loss Test5.1.6
requirements include: MDI Mode Conversion Loss Test5.1.7

o Maximum output droop
o Timing jitter (master / slave)

Transmitter Peak Differential Output Test5.1.8

1000BASET1 Measurement Spec ID

o MDI output jitter Tx Droop Measurement 5.3.1

o Distortion Tx Distortion Measurement 5.3.2

. Tx_TCLK125 Jitter 5.3.3

o Power spectral density T TOLKL2E Jiter 3

> Clock frequency MDI_output_Jitter 5.3.3

o MDI return loss Tx PSD 53.4

o Peak differential output Tx Peak Diff output 5.3.5

° PAM3 Signaling Tx Clock Frequency 5.3.6
MDI Return Loss (S11) 7.2.1

MDI Mode Conversion loss 7.2.2

e * PMA: Physical Media Attachment 19



Automated Compliance

Wizard-based
automation

DUTID |OUTOO! 3
" Acquire ive waveforms [+ Use pre-recorded waveform files

Sulte 10Base-T1S
| 1000Base-T1

Versio 100B4se-T1

VNAReport When selected, upload a return loss result e (s1p/s2p generated
mmm;wmmohncmmmmmm
Automotive Ethernet Return Loss Measurement-VNA MOI

Live or offline
testing

Latest 100 /
1000BASE-
T1 and
10Base-T1
support

20



Test Selection

‘!' L= X
v Automotive Ethernet 1000BASE-T1 Specifications
Si e ﬁ J l'ii o B
e @ st Setacnion =[] Transmit Clock Frequency and MDI Jitter
i Transmit Clock Frequency
— ~{w] Transmitter Timing Jitter - MDI Jitter B |
Select i=1-[w] Transmitter Timing Jitter

: Transmitter Timing Jitter - Master Jitter
" Plots .[~] Transmitter Timing Jitter - Slave Jitter
Transmitter Qutput Droop

e b Transmitter Power Spectral Density
Transmitter Peak Differential Output

~[] Transmitter Distortion

~[_] Return Loss

multiple tests

Test description
= with connection
diagram

Test Description

To verify the transmitter differential signal's
peak to peak amplitude value is within the
conformance limit. It should be less than 1.30
Volts peak-to-peak.

o .



Automated Report Generation

TekExpress Automotive—-Ethernet 1000Base-

Te' J'roni)("' T

Transmitter Test Report

Setup Information

DUT ID DUTOO1 TekExpress Automotive-Ethernet 10.1.1.47

Suite Name 1000Base-TI FrameWork Version 4.3.0.40_Rew_A
Com pliance Mode Yes Scope Model MSO73304DX
Date /Time 2018-03-08 19:52:52 FirmWare Version 10.8.1 Build 37
Pre-Recorded Mode True

Onverall Execution Time 00004

Overall Analysis Time 0:00:02

Overall Test Result Pass

DUT COMMENT: | General Comment - Automotive Ethernet DUT

TestName Summary Table

Report Wlth Transmitter Output Droop | —
paSS/fa”’ margin Transmitter Qutput Droop

Measurement Details| Measured Value Unit TestResult Margin Low Limit High Limit
—

and pIOtS EP“—LS'““ Output Drog - Jneq % Pass 26.7068 N.A 10.0000

Hegative Output Dimo

— -16.5236 £ Pass 26.5236 MN.A 10.000:0

COMMENTS MNum ber of Positive Droops: 98, Number of Negative Droops:99

Back to Summary Table

Transmitter Output Droop
Positive Droop

Transmitter Output Droop(Positive)

-
B
1

o
E]

&
)
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MDI Return Loss, Distortion Test

Ret U r n I O S S m eaS U re m e n t Tektronix Oscilloscope
Tektronix AWG
« Test spec references VNA or Scope + AWG o
as measurement tool Ay

-
® see @ @ 1B
—J

| = j

* Return loss measured at the MDI shall be at
least 18 dB (1 to 20 MHz), and at least
18-10*log10(f/20) dB (20 to 66 MHZz)

* Max & min mask defines limits at 4 specific
frequencies

DUT

I S cema-- Impedance

<l Reference plane

Test Fixture
Open/Short/Load

Calibration

» Tek has patented approach using scope and
AWG (same equipment used for other tests)

Distortion test

» Tektronix 100BASE-T1 offers software
clock recovery, no need of clock connection
or clock divider unit

o .



Signal Access
A
-\

v

Pees

. — e Oftry;ﬁl"t;'t
.‘7 ‘_L

]

TFE-XGDbT Fixture

T (=TT N
dgggegEe 8
LREEREE -
WY

j |

—

MSO6/MSO5 Scope

Clock Divider

24



Beyond Compliance

System Level
4 troubleshooting




Automotive Ethernet Test Requirement
CAN TO AUTOMOTIVE ETHERNET

oSl CAN oSl Automotive
Ethernet

Protocol

. Application Application 7. Application Application Conformance
. Presentation 6. Presentation

5. Session

.
6

5. Session

4. Transport 4. Transport TCP/UDP
3

2

1

. Network ) 3- NEtWOrk IP

. Datalink DLL 2. Datalink Network Access
_ Eye ) Eye Diagram,
. Physical PHY 1. Physical 100/1000BASE-T1




Automotive Ethernet Standard

« |IEEE Ethernet derivative standard (BroadR-Reach) created by an industry alliance (OABR)
« |EEE has established its own standards 100BASE-T1 (P802.3bw™) and 1000BASE-T1 (802.3bp™)
« Initial deployment focused on 100 Mb/s and 1 Gb/s, early development underway for 10Gbps

« Unshielded single twisted pair cabling designed for automotive use and lower cost
 PAM3 Modulation: Slow rise time, reduces EMI

« Full-Duplex Communication: Reduces cable and increases effective bandwidth

100BASE-T
‘ Tx b_x_x_x_x_ﬁ@ :
~—pm ﬂ I Py el MAC MLT-3
Unshielded single JE—— Dual Simplex PHY O \
twisted pair cabling - RX mem?dl
designed for use in \
automotive Full Dupl Full Duplex
environments with BRR/lOOBASE T1 M:(, l/gml)l() Full Duplex PHY VO MAC YO (MlI)
lower cost
PAM3

===
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What is “PAM” Signaling?

l THH

Carn Pul T mUsedf Mdult

« PAM = Pulse Amplitude
Modulation

« Combines train of pulses with a e
mOdUIatlng Slgnal 9 amplltUde = Ana]ogSigna;J\for Modulating
modulated pulses

« Embeds more information than Al LW
01010101 pulses — information \UW V TUUJV M
encoded into the amplitude of the Remr e o

pulse, not just on/off

PAM-3 /
| | | Level |
| f '\ evel 3 IS — LLevel 2

« PAM3 = three levels ,
«—— Level 2

VS.

4

« Level 1

@1 2021



Challenges at the System Level

Full Duplex PHY VO

 Reduce Intrusion: System level testing demands —— -— sieade
WAL PHY Y MAC
minimal intrusion with the System Under Test. {00Nage T — oo
» Full Duplex Signals: signals overlay, meaning
that connecting high impedance voltage probes P r o e R e

yields no useful information.

S A A A A OV KN A gV

“Huh???”




Current solution j:
- Directional coupler- . JHHF i‘i‘

o Cut the cable and disturb the system
o Directional coupler works on Directivity

principle, would not show true Signal for T T
Signal Integrity test E—— "

o Insertion loss, Reflection, Mode conversion
loss

o Propagation delay

o De-Embedding the signal will degrade Signal
to noise ration

e TEKTRONIX PROPRIETARY INFORMATION 31



Better Signal Separation —

 Tektronix unique (Patent pending)
Automotive Ethernet Signal separation

solution using Voltage and Current
waveform

* Proprietary method to separate Full-dupl —
signal using Current waveform and Full- )
Duplex Voltage waveform

I
Voltage probe §

//7 Current probes

4

Slave (ECU)
+

* Direct access Probing, no need to break i

Master (ECU)

cable, No loading on ECU system +

L we—

* Provides Master and Slave separated sic SRe PN o

Twisted wire 1606.08

G 32




Tektronix Signal Separation Solution

Full-Duplex Signal
Without Signal Separation

— _
Before Separation

PAMS3 signal

After software Separation

llll

33



. TekExpress Automotive PAM3 Analysis - (Untitled)*

E/‘L) ouT Automotive Ethernet - 100BASE-T1 : PAM3
g @ Test Selection ={v] Eve ~ ‘

PAM3 Analysis

¢ SOftWB.I'e CIOCk recover isitions i.[v] Eye Width

4 | Configuration -[v] Random Jitter(DD)
Report: --[v] Deterministic Jitter(DD)

(" Setup
atatu:

PAM3 Eye Height and Width

-[v] Total Jitter @ BER
5 | Preferences &{7] Timing

-] Rise Time

-.[~] Fall Time

&-{v] Others

+-[v] Linearity

PAMS3 Linearity

Jitter Separation

[Tt
Vouto Naw Eud B |

Test Description

Bathtub curve (BER)

Te measure the Eye Heil

Eye Mask test




Signal Separation solution

Eye
Diag ram =~ Tektronix

- -
‘\::
—~8"

fan
-~

Flle Edit Appiications Utility Help

PoL 1 - Eye Dagram{Mess 1)

——
-

Dus Decode Resuts

Bus § (Ao Ethemet) LTRSS AT

Protoco
DECOde | 7 A4496ams  FOIFASIRFEAD DO6TESS0R=6E
Table 2 j .’"5'_'?'74-'*."; FOIFASIRFEAZ DOGTESSOEFGE

NFASINIE AL DU 7L SOt

2 € 13383y FOTRASINFEAZ DUETESS0E 6L =

@ 1528278ms  RIFASIRFEAD DOETESSOSFGE

FUTFASIRFEA] DOGTESSOEF6E

Protocol
Decode

"MAC Destination Address:FO1FAF38FEAZh MAC Source Address:D067E5506F6Eh ~ ET-0800h IPTL:003Ch

Acquisition

ML Em Ao Ethe

JA72.38% 249407 m - - : 15 v 15 Lanul, Aulyre
Gdh MSA 625 MSA 625 MSA 14 8 L - v e & | : el g SROBSNGA . 1E S 37 s OF Jul 2000
st N Maker_# Madter N Master | AL 9375 Mpts ® S0y Snghe 011 127257 AM

G TEKTRONIX CONFIDENTIAL

35



Advantage of Tek solution
See the signal you could never see before

_ Tek Solution Other solution

Test setup Voltage probe and current probe, Non- Directional coupler, Automotive Ethernet to
Intrusive method SMA convertor

Signal Integrity

Vpk-pk: ~2V Vpk-pk: ~200mv, de-embedding would
deteriorate signal to noise ration
Propagation delay No delay Varies with different Directional coupler
Advantage True signal, easy to setup, accurate signal Difficult to use, impacts ECU performance,
integrity, no need to de-embed adds Insertion loss and MDI mode

conversion loss

o .




Automotive Ethernet Testing Solutions

Testing an automotive Ethernet often requires an oscilloscope, appropriate probes, a signal source, software and test fixtures. To meet your needs,

Tektronix offers a full line of test solutions for Signal Quality and Compliance.

Automotive Ethernet Test

Oscilloscope

Software

Option 5/6 -AUTOEN-55: Signal
Separation

Probes

Signal Source

Fixture

MSO / DPO 70000

T1 Compliance)

Opt. DJA (Jitter Analysis)

5 Series MSO : : TDP1500
. . . } Option 5/6 -PAM3 (Automotive
Slgnal Quality T_estlng (Windows only) =i S AT ECU Dependent_
(Signal Separation, Protocol TCPO030A Contact Tektronix
Decode, Signal Quality & Debug) 6 Series MSO Option 5/6 -SRAUTOEN1 / for information
(Windows only) (100BASE-T1 Protocol decode) Fen2z
Opt. 5/6 -DJA (Jitter Analysis)
ﬁ,ﬁﬁggiﬁfﬁ ] Opt. 5/6 -CMAUTOEN (1000BASE-
y T1/100BASE-T1 Compliance)
’ AWGS5200 (RL &
6 Series MSO : : ) : TF-XGbT
. - Opt. 5/6 -DJA (Jitter Anal
Open Alliance TC8 PMA-Tx (Windows only) p (Jitter Analysis) TDP1500 Distortion) TE-BRR-CED
Compliance Testing Contact Tektronix
TDP3500 AFG3152C . .
DPO70000C Opt. BRR (1000BASE-T1/100BASE- (Distortion only) for information

38




Automotive Ethernet L1-L7 Solution

L1-L7

OSl Automotive Conf%r;ance
Ethernet

7. Application Application -

6. Presentation g N =
5. Session T

4. Transport TCP/UDP

3. Network P

2. Datalink Network Access

1. Physical 100/1000BASE-T1

Eye Diagram,
Compliance




Automotive Ethernet L1-L7

Sl
@ INTREPID

+— | CONTROL SYSTEMS

www.intrepidcs.com

Protocol Layer Conformance

ECU Simulation, Data Loaains

ayer 1

Q 40

“RRALAZGE -

Oscilloscope. AWG/AFG VNA




Automotive Reference

 Automotive website: www.tek.com/automotive

« Automotive Ethernet; www.tek.com/automotive/automotive-ethernet

 Automotive Power: www.tek.com/power-efficiency/market-your-power-
conversion-designs

« EMI/EMC: www.tek.com/application/electromagnetic-interference-emi-and-

electromagnetic-compatibility-emc

41


http://www.tek.com/automotive
http://www.tek.com/automotive/automotive-ethernet
http://www.tek.com/power-efficiency/market-your-power-conversion-designs
https://www.tek.com/application/electromagnetic-interference-emi-and-electromagnetic-compatibility-emc

Signal Separation & PAM3
Demo
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