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Trends Shaping the Car Industry

A revolution driven by autonomy, connectivity,

electrification, and sharing
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Autonomy requires the
use of better sensors

Connectivity enables new forms
of vehicle communication

Electrification requires new
powertrain technologies
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Shared mobility creates new
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D 18 June 2019 5



Autonomous Car Block Diagram
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Autonomous Car Block Diagram
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ADAS Architecture
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Automotive Focus Areas

In-Vehicle Networking Vehicle Sensors Powe.rt.rair? &
Electrification
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Automotive Focus Areas

In-Vehicle Networking Vehicle Sensors Powertrain &

Electrification
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In-Vehicle Networking

BACKBONE OF THE AUTONOMOUS CAR

Development

System
Validation

Production

Maintenance

Exploding Data rates
Move to Ethernet
Wire Harness Weight

Distance between nodes ¢ Interop
Noise Immunity + Reliability
+ Bidirectional bus

Test time
Test Coverage

Built in Self Test
Error Detection and recovery

Rewiring
Start up checks

Advanced Driver Assistance Powertrain CAN (-FD)

Body

CAN (-FD)

Switched Ethernet

Domain
Network

Gateway

Infotainment

Chassis FlexRay

Source: Dr. Kai Richter and Jonas Diemer of Symtavision and Daniel Thiele, Philip Axer and
Dr. Rolf Ernst of Technische Universitdt Braunschweig
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Automotive- New Serial Standards

« Standardization
* Full-Duplex Signaling
* Modulated signals (PAM3 / PAM4 /| PAM16)

New standards
. 10BASE-T1 (IEEE 10mbps)

« 10GBASE-T1 (IEEE 10gbps)
 A-PHY (MIPI 12gbps)

« HDBASE-T (1-6gbps)

« 25G Ethernet

« Automotive Optical Ethernet
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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
™
S e ] ™ —
Unshielded single > Dual Simplex PHY /O PHY MAC TL3
twisted pair cabling 2 R" ||{>m<3”
designed for use in :
automotive Full Dupl Full Duplex
environments with BRR/ 1OOBASE T1 M};IC |/3?nﬁ) Full Duplex PHY VO MAC /O (MIl)
lower cost —
- |'{>3:13ch5<}|| P A PAM3
UTPC — - -
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Automotive Ethernet Test Requirement
CAN TO AUTOMOTIVE ETHERNET

Ethernet
] ] ] ] Protocol
7. Application Application 7. Application Application Conformance
6. Presentation 6. Presentation

5. Session 5. Session Protocol
Decode,
4. Transport . 4. Transport TCP/UDP Telril(l)ng
Measuremeg
3. Network ) 3 NEtWOrk IP

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




Automotive Ethernet
- Compliance Test




IVN - Lifecycle

ECU
PHY
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i 100BaseT1
MAC
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Telfronix Tel/tronix
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Teltronix Teltronix
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IVN — Network Layers

Layer 7

Layer 6

Layer 5

Layer 4

Layer 3

Layer 2

Layer 1

Ospirent

@ INTREPID
- | CONTROL SYSTEMS

bl www.intrepides.com

Teltronix
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Example of Integrated solution

Function Generator

MSOG6 series Oscilloscope

Intrepid CS Rad-Moon and AVB/TSN
neoECU

Spirent C50
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Automotive Ethernet PMA Compliance Test

 PHY Media Attachment Compliance Test

« PHY test mode configuration should be provided by PHY vendor
« Transceiver PHY electrical test requirements include:

o

Maximum Output Droop
Timing Jitter (master/slave)
MDI Output Jitter Transmiter |\

N\

A

§ 100 Ohm

|IEEE P802.3bw™/D3.3

Amendment:

Draft Standard for Ethernet @ I E E E

Physical Layer Specifications and
Management Parameters for 100 Mb/s
Operation over a Single Balanced Twisted
Pair Cable (100BASE-T1)

Automotive Ethernet 1000BASE-T1 Specifications

Cuseas) (eomas)

Distortion : \&
Power Spectral Densit Oiernia rbe

@

Digital
Oscilloscope/
Data Acq.

Clock Frequency
MDI Return Loss
Peak Differential Output

-] Transmit Clack Frequency and MDI Jitter

Transmit Clock Frequency
Transmitter Timing Jitter - MDI Jitter

i=-[~] Transmitter Timing Jitter
~{w] Transmitter Timing Jitter - Master Jitter

Transmitter Timing Jitter - Slave Jitter

-] Transmitter Qutput Droop

Transmitter Power Spectral Density Te"rronix

Transmitter Peak Differential Output
| ] Transmitter Distortion

BroadR-Reach
Physical Media Attachment
Test Suite

Vemon20

Tl
Transmitter Test Report

TekExpress Automotive-Ethernet 1000Base—

[ Return Loss

Test Description |

To verify the transmitter differential signal's
peak to peak amplitude value is within the
conformance limit. it should be less than 1.3
Volts peak-to-peak.

TekExpress Automotive-Etherner 10.1.1.47
FameWorkVersion | 43040 RevA
Scope Model MSO73304]
FimWare Version 10.8.1 Build
Table
Transm roop Fass
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Dmgp measurement Power Spectral Density (PSD) MDI Jitter measurement Distortion measurement

. TekExpress Automotive Ethernet - {Untid

|Salaeiestl Transmitiar Powar Spactral Danslt . | v |
Power Spectral Density

S
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£
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M late BET: TR PR R
Time (sec) Phase Offsets (U0
Frequency (Hz) BINS (Time) 0

Droop measurement - Positive . )
Power Speciral Density (PSD) measurement Distortion measurement

d kRS OmTel [SHIBERTRRH Transmi Clock Frequency
Transmit Clock Frequency

Return Loss measurement
Jitter and Transmit Clock Frequency measurements
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Automotive Ethernet
- Eye Diagram Test




Eye Diagram Test- Use case

Job to be done

o

PHY silicon companies

T1 System Integrator and
Cable companies

100BASE-T1 PHY Silicon

ECU

System: ECU to ECU, ECU to
Sensor

Production ECU

Car with Automotive
Interface

e RS i

U PHY performance in different Noise condition
(Signal Quality Test)

U ECU Performance test under Noise condition (Signal
Quality Test)

O System performance Test with different ECUs or
different cable type

U Performance test
- Manufacturing variation Test

U Performance test under various scenario
- Cracking

- DC Motor

U System level Debug
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Eye Diagram Test challenge-1

Full Duplex PHY VO

* Voltage Probe Signal

Close Eye Diagram ———p [ S o i T‘g’m B i

il =
Uls: 1356/1356 Total: 1356/1356

T L 1 S R | L S W W R

AR mmwww o

wwwwww

Multilevel Signal e |




Eye Diagram Test challenge-2

* Directional Coupler:

i—3<— VP

SMA
« Challenges: SMA

o Cut the cable and disturb the system

o Directional coupler works on Directivity principle, would not show true Signal for
Signal Integrity test

o |nsertion loss, Reflection, Mode conversion loss
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Signal Separation

1]

Uit

'ulg

e Tektronix unique (Patent pending) |- TR
Automotive Ethernet Signal |
separation solution using Voltage and

o
ku
2

‘."
Eie
LECEL

1 4 | ™
=) i U
7 ol
4 _I/",-‘/‘. y
& Vo

Current waveform TIT . mml
+ Proprietary method to separate Full- — —

duplex signal using Current waveform

and Full-Duplex Voltage waveform )

\oltage probe

* Direct access Probing, no need to f Current probes

break cable, No loading on ECU vester €60 1] " Siave (ECU)

system - L

N

* Provides Master and Slave separated

P

Sl g n al Twisted wire 1606-08
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Tektronix Solution

File Edit Applications Utility Help
Waveform View

Tektronix
Add New...

ursors MNote

0 i/ Measure | Search
ny
<L
N

5 mYy
UN

Plot

100.00 ns/div

Full-Duplex Signal

PAM3 signal

-13 5 - - us -12.6 ps Q
Ch1 Ref 4 Ref &
A50 myvidiv | 5 mAddiv 270785 ...

Horizontal
332125 ...

Trigger Acquisition
L0Q 1MQ DS 3.125 GShk 3.125 GSh

Stopped
, _ : 40 psfdiv 400 ps )~ 38emv Manual,  Analyze
. ‘ > || B SR 3125 GSA 320 psipt Sarmple: 12 bits 09 May 2019
1.5 GHz Bl 120 MHz B | EAST_NO... | WEST_N... RL: 1.25 Mpts  ® 50% 723 Acgs &:41:51 AM
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PAM3 Analysis

« Software clock recovery

,{{ TekExpress Automotive PAM3 Analysis - (Untitled)®

Automotive Ethernet - 100BASE-T1 - PAM3

=+{v] Eve
~[] Eve Width

=-{w] Jitter

~[] Random Jitter(DD}
-[] Deterministic Jitter(DD)

PAM3 Eye Height and Width

~[w] Total Jitter @ BER
1w Timing
-[] Rise Time

~[w] Fall Time
=] Others
.| Linearity

PAMS3 Linearity

Jitter Separation

Test Description

Bathtub curve (BER)

To measure the Eye Hei

Eye Mask test




PAM3 Analysis Report
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- et = Tes BveSecsom | Test Foamt | stermmiom TestReseet | Msarges smom Lt | Low et
t-213.327m
st a2ss g ez wpersye | Near Bns * Pass v resss 563| 1000 40
224 753m
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Eye Diagram Test- Summary

PHY silicon companies

T1 System Integrator
and Cable companies

100BASE-T1 PHY Silicon

ECU

System: ECU to ECU, ECU
to Sensor

Production ECU

Car with Automotive
Interface

AN

DI NN

PHY performance in different Noise condition
(Signal Quality Test)

ECU Performance test under Noise condition
(Signal Quality Test)

System performance Test with different ECUs
or different cable type

Performance test
Manufacturing variation Test

Performance test under various scenario
Cracking

DC Motor

System level Debug
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Automotive Ethernet
- Protocol Test




Automotive Ethernet Protocol Decode

» Tektronix unigue technique (patent N
pending) separates traffic from ECU#1 ,

and ECU#2 in Full-Duplex mode

» Shows ECU#1 and ECU#2 Protocol BEgLg

T‘ ¥ . Q) 2 i;

i o 301 |
k* Lt ;

=ML IR L :
g L_é’} EMI_

}&,
€
LECE

T p—

4 1 203 . 87
y L x /
1B BEE

e
Al |
f, 7 "_‘/,‘"""

| 7 | i | = |8 '
| ﬁ | =S a3 ~
' | a
- — = - ~

decode simultaneously
] i \oltage probe
« Various search options Vo'wgeprofé/ \ \/—/K p
\
y 4 \.
/// Current probes

Master (ECU) \ Slave (ECU)
+— S e

Twisted wire 1606-05
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Protocol Decode

Search
Option

File Edit Applications Utility Help

Bus Decode Results Add New...

=S VE G S =9 | Bus 3 (Auto Ethernet)

B17842E7357FF1B5628D438D
8D 61 BEODOD OASFBEAB 4597 E

Waveform View Bus 2 (AutoEth...
MAC Address v

Bus: Auto Ethernet
Search: Bus
Events: 1

-10

100.00 ns/div

Full-Duplex _ _
Protocol IPD:95h — IPD:F2h — IPD:13h —  A6h
Decode

Auto Ethernet . ] - ! , \ ooy Trigger opy Seard
> ABCDh )~  TCPC:ABAEh TCPUP:1654h = _ 42h ) L st to search

Q

Haorizontal er Acguisition

Stopped
10 ps/div 100 ps Auto, Analyze
SR: 6.25 GSA 160 psipt Sample: 8 bits

RL: 625 kpts ¥ 20% 8.681 kAcqs

Ref 1 Ref 2
125 mvidiv 125 mv/div | Auto Ethe...
2GSk 2GS/

AUTO-ET... § AUTO-ET..

Auto Ethe..
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TeRtronix confidential
Signal Separation solution

File Edit

Help Tektronix

Add New...

Applications Utility

Bus Decode Results

Bus 1 (Auto Ethernet) [NENEVRETTGNE S8

1 -7.444968ms  FOTFAF38FEAZ D06&7E5506F6E - -
2 -7.256174ms  FO1FAF38FEA2 DO67ES506F6E = =
3 -6.363022ms  FOTFAF38FEAZ D06&7E5506F6E - -
4 -6.134448ms  FO1FAF38FEA2 DO67ES506F6E = =
5 -5.757098ms  FO1FAF38FEA2 DO67ES506F6E - -
6 -1.528228ms  FO1FAF38FEAZ DO67E5506F6E = =
7 -1.370784ms  FO1FAF38FEAZ DO67ES506F6E - -
8 -1.22015Tms  FOTFAF38FEAZ D067E5506F6E = =

-1 N75N97me | FN1FAFIRFFAY NNATFRSNAFRF

i CAA A A A AR v Ty i I L R i)
Lt 1 b 1 ] i b i WENANL i
JTTH* VIV UV RIa'E IRIRIRIRISIRIR : @tfﬁ"?ﬁfﬁﬁT

-Ethernet
MAC

Destination Address:FOTFAF38FEAZh ) MAC Source Address:DO67E5506F6Eh )~ . =

R 0 — || Horizontal Acquisition
298.885

Preview

237.385 249.07 m Auto Ethe 1.5 ms/div 15 ms Manual,  Analyze
625 MS/s 625 MS/s 625 MS/s 625 MS/s SR 625 WS 1.6 nsipt Sample: 12 bits 01 Jul 2019
Mastar N Iaster F IMaster N Master F RL: 9.375 Mpts 50% Single: 071 12:23:52 AM
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Automotive Ethernet Test setup
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Advantage of Signal Separation

* Ability to see the “real” signal without Insertion Loss which increases
diagnosis accuracy

« Easier test set up reduces total test time
 Protocol and Physical layer view in single window to debug faster

 Entire automotive life cycle functions from design through service/maintenance
and was designed with ease-of-use in mind




Automotive Ethernet solution

OSl

1.
6.
S.
4.
3.
2.
1.

Application
Presentation
Session
Transport
Network
Datalink
Physical

Automotive
Ethernet

Application

TCP/UDP

IP

Network Access
100/1000BASE-T1

Eye Diagram,

Compliance

L1-L7
Conformance
Test

Protocol
Decode,
Timing
Measuremeg

./ TekExpress Automotive Ethernet - (Untitled)*

/. TekExpress Automotive PAM3 Analysis.

sssss

Ut Automative Ethemet - 100BASE-T1 - PAM3

P o (2 TestSelectin [ 17 Ey

easure the Eye Height of the PAM3 signal
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Ordering configuration

Oscilloscope: 5/6 series MSO
o 1 GHz minimum bandwidth (100BASET1)

Software:
o 5/6-AUTOEN-SS: Signal Separation

o 5/6-PAM3: PAM3 Signal Analysis (Prerequisite: 5/6-AUTOEN-SS,
DPOJET)

o 5/6-SRAUTOEN1: 100BASE-T1 Protocol Decode (Prerequisite: 5/6-
AUTOEN-SS)

Probes: TDP1500 (1 or 2 no): Voltage probe
TCPOO30A (1 or 2 no)- Current Probe

Fixtures: ECU dependent

MSO 5/6 Series 1 GHz bandwidth, Windows, TDP1500 ECU Dependent
5/6-AUTOEN-SS, 5/6-PAM3, TCPO030A/P6022
5/6-SRAUTOEN1

Accumulated Eye
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Automotive Ethernet Compliance Solution

Oscilloscope: 5/6 series MSO, MSO/DPO5KB, DPO7KC/70KC
o 1 GHz minimum bandwidth (100BASET1)
o 2GHz Minimum bandwidth (1000BASET1)

Tektronix "

Software:
> 5/6-CMAUTOEN: 1000BASE-T1/100BASE-T1 compliance
o QOptional Advanced jitter software

Probes: TDP1500 (1 no)- 100BASET1, 2 no for RL
TDP3500 (1 no)- 1000BASET1, 2 no for RL

Signal source: Distortion Test only: AFG3152C
RL and Distortion: AWG5200

-_’ ® - "

5/6 Series 2 GHz bandwidth, Windows, 5/6- TDP1500 Or TDP3500 TF-XGbT TF-BRR-CFD AFG3152C
SR AUTO, 5/6-DJA, 5/6-
CMAUTOEN

DPO5K/7K/70K > 2 GHz bandwidth, BRR, DJA, TDP1500 Or TDP3500 TF-XGbT TF-BRR-CFD AFG3152C
SR-AUTO (VPI Connector)




Automotive Reference

o 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-
electromaqgnetic-compatibility-emc
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