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= |2C

= SPI

ECUs 1185 ]38 12 (10Mb/s)

= RS232/UARTs — BT E(20Kb/s)
= LIN-EE 355 B X T ERE S (19.2Kb/s)

= CAN/CAN FD
= FlexRay
= CXP]

BN 775, R AR,
BN I R AR
2. (1-10Mb/s)

= SENT — {&/R%ES(100Kb/s)
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Digital Radio

MOST
Vehicle Computer
Window Lift
Universal Light
CAX M M \I 2 I E I—
299,
Instruments Z iper
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") n: 0 00 2 .o

imate H
o i g
Steering Wheel ﬂ%

Additional
Systems

Drive Train

Panel
Wiper
MOST
CAN Controller area network
LIN Local interconnect network
FlexRay FlexRay network
MOST Media-oriented system transport

BroadR-Reach Automotive ethemet
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START Control Ack Data: Ack Data: Ack STOP
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SRS TBE" (FFS&iEMm D) = Brake_Torque
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T EFR: dbc (data base CAN) Y& ...
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- EX BRI EE
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« BA{\/ (rpm, gal, psi, etc.)
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Overview of 100Base-T1 Compliance Test

H

Transmitter

CEr
= -

S series Scope for S11
for Signal Quality

Custom Test Fixture

N6467B / E6961A / E6960A

‘\Eompliance Test Software i\

Harness

ﬂ—larness Connector\

Aromes mmasss

: 'WKEVSIGHT
E6963A Compliance Test Software

ECU

\

Receiver

M9010A + M3302A

Under Development

E6962A Rx Test Software

Custom Test Fixture

S
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automotive Ethernet 10BASE-T1S compliant to IEEE 802.3cg

automotive Ethernet 1000BASE-T1 compliant to IEEE 802.3bp specifications
automotive Ethernet 100BASE-T1 compliant to IEEE 802.3bw

automotive Ethernet TC8 compliant to OPEN Alliance subcommittee TC8 ECU transmitter specifications
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Test name

Transmitter output droop
Transmitter distortion

Transmitter timing jitter
(master and slave)

Transmitter power spectral
density

Transmitter peak differential

Transmit clock frequency

MDI return loss
MDI mode conversion
MDI| common mode emission

T E AR R A GIHN—EL

S5y

IEEE 10BASE-T1S IEEE 100BASE-T1

147.5.4.2
N/A

147543
147.5.4.4

147.5.4.1
N/A

N/A
N/A

96.5.4.1
96.5.4.2

96.5.4.3/ 96.5.4.5

96.5.4.4

96.5.6
(IEEE test only)

96.5.4.5

96.8.2.1
N/A
N/A

OPEN Alliance ECU

2.2 OABR_PMA_TX_01
2.2 OABR_PMA_TX_08

2.2 OABR_PMA_TX_02
2.2 OABR_PMA_TX_04
N/A

2.2 OABR_PMA_TX_03

2.2 OABR_PMA_TX_05
2.2 OABR_PMA_TX_06
2.2 OABR_PMA TX 07

(333
000BASE-T1

97.5.3.1
97.5.3.12

97.5.3.3
97.5.3.4

97.5.3.5

97.5.3.6
97.5.2

97.7.2.1
N/A
N/A

\
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S5

1000BASE-T1

Measurement equipment

Transmitter output droop 147542 96.5.4.1 2.2 01
Transmitter distortion b 96.5.4.2 22 08
Transmitter timing jitter 147.5.4.3 96.5.4.3/ 22 02
(master and slave) 96.5.4.5 B
Transmitter power 147.54.4
pol 96.5.4.4 2.2 _04
spectral density -
Transmitter peak 147.5.4.1 96.5.6 N/A
differential (IEEE test only)
Transmit clock frequency NA 96.5.4.5 22 03
MDI return loss 96.8.2.1 22 05
MDI mode conversion L N/A 2.2 06
MDI common mode N/A N/A 22 07
emission -
2.5 GHz oscilloscope will meet all sp cations. If only 10 Mbps is required, a 500 MHz osc
100 Mbps is required, a 1 GHz oscilloscope recommended
T 125 MHz signal from function generator is required for as a 1 GHz disturbing signal. for 1G

97.5.3.1

Oscilloscope 2.5 GHz™ or

better
Oscilloscope + function
97.5.3.12 generatort
i 1
97 5.3.3 Oscilloscope 2.5 GHz' or
better
Oscilloscope 2.5 GHz' or
97534 better (or spectrum analyzer 2
GHz or higher)
i 1
97535 Oscilloscope 2.5 GHz' or
better
97.5.3.6 Oscilloscope 2.5 GHz' or
97.5.2 better
97.7.2.1 Oscilloscope + network
analyzer
N/A Oscilloscope 2.5 GHz' or
better+ network analyzer
i 1
N/A Oscilloscope 2.5 GHz' or
better
lloscope is enough bandwidth. If only \
or 100Mb 12 MHz will be enoug § Eﬁmiﬁzl_
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¥ Automotive Ethernet Test Application -- New Devicel

File | View Tools Help
Set Up | Select Tests | Configure | Connect | Run | Automate | Results | HTML Report
Automotive Ethernet Test Application
Technology

Specification: IEEE 272 Data Rate: 100M T bps

Connection

Differential Signalling Type: () Two Oscilloscope Channels @@ Single Differential Probe
System Clock

Use TX_TCLK (Test Mode 3)

Distortion Test Settings (Test Mode 4)

Use Disturbing Signal

B Use 10MHz Ref Clock (Disabled : Uses Clock Recovery Algorithm for Synchronization)
Disturbing Signal Source: | 332F T
Signal Source:

External Instruments

Vector Network Analyzer Spectrum Analyzer
© Manual Calibration B A

@ Automated Calibration

Configure ...

Spectral Settings (Test Mode 5)
Spectral Analysis: ) Oscilloscope @ Spectrum Analyzer

Offline Mode
B Enable

Test Report Comments (Optional)

1

Configure ...

¥ Automotive Ethernet Test Application -- New Devicel

File View Tools Help

Set Up | Select Tests | Configure | Connect | Run | Automate | Results | HTML Report
Automotive Ethernet Test Application
Technology
Specification: |IEEE Data Rate: 100M 7 bps
IEEE
Connection Open Alliance
Differential Signalling Type: (O Two Oscilloscope Channels @ Single Differential Probe

ITIF T hr e e B 2 M BOR TR b

¥ Automotive Ethernet Test Application -- New Devicel

File View Tools Help

Set Up | Select Tests | Configure | Connect | Run | Automate | Results | HTML Report

Automotive Ethernet Test Application

Technology

Specification: | IEEE 22 Data Rate: 100M Y,

bps
k
10M

Connection 100M

Differential Signalling Type: ) Two Oscilloscope Channels § 1000M

ST B3 T DRI S ke

\\
X EADR
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¥ Automotive Ethernet Test Application -- New Devicel

File View Tools Help
Set Up | Select Tests | Configure | Connect | Run | Automate | Results | HTML Report

Automotive Ethernet Tests
100Base-T1 Tests
Test Mode 1 Tests
+Vout Droop
-Vout Droop
Test Mode 2 Tests
Transmit Clock Frequency (Master)
MDI Output Jitter, JTXOUT (Master)
Test Mode 3/TX_TCLK Tests
TX_TCLK Frequency (Slave)
Slave TX_TCLK jitter (w/TX_TCLK)
st Mode 4 Tests
Transmitter Distortion(w/ Disturbing Signal)
MDI Return Loss
MDI Return Loss
Test Mode 5 Tests
Transmitter Power Spectral Density
Peak Differential Output

124145

S1541

\
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A KEYSIGHT
Test Report

Overall Result: [N

Test Configuration Details

Devce Description
Disturbing Signal Source  ©
Spectral Analysis Oscilos
Test Session Details

Infinilum SV Version
infiniium Model Number
Infiniium Serial Rumber
Application SW Version
Dedug Mode Used
Compliance Limts (official)
Last Test Date

ification - Amendmant 4

Summary of Resuits

Test Statistics
railed

Passed
Total| 4

Margin Thresholds
Warning <2 %

0%

Pass # Fadled # Trials Test

X 2 2 ansmiter Pegk (itieraotal Outos 2
0 2 Tranued Ciuck Fraguency (Masinr 124057300 WHz 392 %
0 1 ! AUS (Mast 2 B 546 %
o 1 M3 Dt At Prak-e-Fosk (Masier) 32.754 ps. 5%
Report Detail

Overall Summary + details of 1 worst trials

Pass Trial Actual Value Margin |

Trisd 2

e

Overall Summary + details of 1 wors! trials

S T

\\
X
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A Range of Keysight Oscilloscopes

InfiniiVision Class Scopes

9900 2059097 @:7

Infiniium Class Scopes

3000T X-Series 4000 X-Series 6000 X-Series S-Series EXR-Series
Channels 2,4 2,4 2,4 4 4,8
Max Bandwidth 100 MHz > 100 MHz > 1 GHz > 500 MHz - 500 MHz -
1 GHz 1.5GHz1? 6 GHz 2 8 GHz 2 2.5 GHz
Sample Rate 3 2.5 GSals 2.5 GSals 10 GSa/s 10 GSa/s 16 GSa/s
Max Memory 3 2 Mpts 2 Mpts 2 Mpts 400 Mpts 400 Mpts
ADC 8 bits 8 bits 8 bits 10 bits 10 bits
WaveGen 1x 20 MHz 2x 20 MHz 2x 20 MHz N/A 1x 50 MHz
MSO 16 channels 16 channels 16 channels 16 channels 16 channels
Ogyegf‘émg Embedded Embedded Embedded Windows 10 Windows 10

1. Max bandwidth is 1 GHz with four channels on
2. Max bandwidth is 4 GHz with four channels
3. Specified with all analog channels on

N
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Fault Hunter

| Fault Hunter automatically finds the most common types of signal faults. It begins by getting statistics on standard measurements
and then runs tests to find outliers.

Setup

O n e = C I I C k D e b u g - F au It H u n te r SOUfce © Triggering - Finds rare faults, restricted limits. Duration

. Limit Test - May miss rare faults, unrestricted limits. ‘Run for a minute

« ALL NEW Fault Hunter automatically = —

Auto Setup‘ Run All after Auto Setup | Run All Tests

finds signal anomalies
Test ‘ Result Std Dev ’ Acceptable Range ‘

* View button to see waveform issues pooitve Gt [ 4.5 e 18408 >17.3951 ns (RN T ET
. Negative Glitch Passed 34.8 ns 9.32 ns >\m ﬁ{'m View||Copy to Trig

« Analyze glitches, slow edges, runts oo <lizs0s e (R) ) view omy to 1
Slow Falling Edge Passed = 11.5ns 378 ps <\m‘ (Run) (View| (Copy to Trig

Positive Runt Failed Low -359 mV : Hi 385 mV  9.19 mV >/-209.8 mV | and <[237.0 mV [Run||View|[Copy to Trig|

Negative Runt Passed Low -359 mV : Hi 385 mV  9.19 mV >‘-209.8 mvV ‘ and <‘237A0 mV \M\ View | |C / to Trig

A2 mv

-104 ns

N
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Extreme Temperature Probing Solutions

N7007A
400 MHz passive probe (2 meters)

N7013A
Differential probe extension cables
(>2 meters w/ N2818A)

N2797A
1.5 GHz SE active probe (2 meters)

Ny



Trends in Automotive Ethernet

1 port <10 ports 10-50 ports >100 ports*

| A |

[ | I | | I | |

2008 2013 2017 2019 2021 2024

Connected Car, IVI, TCU, Gateway ADAS & Autonomous Driving

100BASE-TX 100BASE-T1 1000BASE-T1 2.5/5/10G BASE-T1 10G+

Keysight Multigigabit Automotive Ethernet \

N
Solutions - CONFIDENTIAL >~ Ao



What drives the multigigabit speed in [VN?

: * To process larger amount of
ngher data collected by sensors and

Bandwidth cameras

* To allow the vehicle to make
function-critical decision to
enable utmost safety

* Moving from multiple networks

' i ' Into an industry proven secure
SlmpllfICathn network with scalability

Keysight Multigigabit Automotive Ethernet \

N
Solutions - CONFIDENTIAL >~ G H/mDfd



Why Ethernet

Cable weight S——
. 1OOBASE_T1 iS 3 physical .’:u”_duplex Standard Texas Instruments

* Only a single unshielded-twisted pair cable is needed

Immunity and Emissions requirements
* CISPR25 Class 5

« PAM3 for noise immunity

Proven technology
» Decades of development

« Standardized interface

* MAC can remain the same
- Transparent to CPU/MCU/FPGA

N
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Automotive Ethernet link everywhere

Y = NO U

Secure cloud
access gateway

The cloud

Data services, reporting
and tracking

Body/comfort | Chassis/safety Infotainment Powertrain Camera (ADAS) | Automotive vav
systems systems systems systems systems radar communication
LIN CAN/CAN FD/ uSB CAN/CAN FD/ LIDAR
FlexRay FlexRay
Ethernet Ethernet Ethemet Ethernet Ethernet Ethernet Ethernet
Climate control Anti-lock braking eCalls Powertrain & Rear-view camera 77, 79 GHz LTE-v
systems engine
Tire pressure Hands-free rmnagement Backup sensors Collision avoidance ~ DSCR
Power seat control monitoring telephony (ML, SiL, HiL) 3D mapping 56
kit s nttigrt
processing

~
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Three new automotive ethernet PHY specs

2.5GBASE-T1: 2.5 Gb/s Automotive
Ethernet (full duplex) over a single
balanced pair of conductors, with
reach up to at least 15 m

5GBASE-T1: 5 Gb/s Automotive
Ethernet (full duplex) over a single
balanced pair of conductors, with
reach up to at least 15 m

10GBASE-T1: 10 Gb/s Automotive
Ethernet (full duplex) over a single
balanced pair of conductors, with
reach up to at least 15 m

Keysight Multigigabit Automotive Ethernet
Solutions - CONFIDENTIAL

Automotive
Ethernet
25GbaseT1 +
Automotive Ethernet
2.5GbaseT1
5GbaseT1
10GbaseT1
GMSL
Automotive —
Ethernet
100baseT1
1000baseT1
| l l | |
| | | | |
100Mbps 1Gbps 2.5Ghps 5Gbps 10Gbps PHY speeds

\
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Keysight Automotive Ethernet Solutions

e

Receiver (Rx)
- release 2.0, TBD

Transmit (Tx) Link Segment (Lx)

« Complete 10S/100/1G/2.5G/5G/10G (one « 100% test coverage for harness, connectors,
installer) cables

» Protocol trigger & decode 100/1000*BASE- » Different platforms of VNA
T1

» Fixtures/Adapters/Connectors

« Coming soon Keysight Multigigabit Automotive Ethernet \

N
Solutions - CONFIDENTIAL >~ Ao




Supported PMA Tx Test lItems in Comparison

100BaseT1 1000BaseT1 802.3bp/TC12 2.5G/5G/10GBaseT1 802.3ch/TC15

Transmitter output droop (149.5.2.1)
Transmitter output distortion Transmitter output linearity (149.5.2.2)
Transmitter timing jitter (149.5.2.3)
Transmitter power spectral density (PSD) and power level (149.5.2.4)
Transmitter peak differential output (149.5.2.5)
Transmitter clock frequency (149.5.2.6)
Transmitter MDI return loss (149.8.2.1)

MDI random jitter in master mode
(149.5.2.3.1)

MDI deterministic jitter in master mode
(149.5.2.3.2)

MDI even-odd jitter in master mode
(149.5.2.3.2)

Note: the dousRIMMBGIGAT RarsAN L ERetRer3ch
%aSolutiogsa— CONFIDENTIAL t \\ =y mjunfit!



Automotive Ethernet Multi-gig support

Standards body Scope min BW | Other required

10BaseT1S IEEE 10BaseT1S 500 MHz

802.3cg 100BaseT1 1 GHz VNA, AWG
100BaseT1 IEEE OATC1 & TCS8 1000BaseT1 2.5 GHz VNA, AWG

802.3bw 2 5GBaseTl 4 GHz* VNA
1000BaseT1l IEEE OATC12 &TCS8 5GBaseT1 8 GHz* VNA

802.3bp

*

25G/5G/10G IEEE  OATCI5 10GBastTl 16 GHz VNA
BaseT1l 802.3ch These are conservative estimates and not in our datasheet yet

Keysight Multigigabit Automotive Ethernet \

N
Solutions - CONFIDENTIAL >~ GALOiE
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* SMA to Mini-
50

» Designed for
100M/1Gbps
automotive

ethernet
(802.3bw/bp)

 Molex

AEG943A t

AEG960A

<
N
ﬂ-
o
©
L
<

Keysight Multigigabit Automotive Ethernet \
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