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Automotive Ethernet Compliance
Test Solution

As the automotive industry becomes intelligent and network connected, in-vehicle Ethernet
technology is more and more widely used in automobiles, such as entertainment, communication,
navigation and assisted driving. To ensure the stability and reliability of these functions, the
automotive Ethernet compliance test becomes an important link for the function test and
verification.

RIGOL's DS70000 series oscilloscope and the Automotive Ethernet compliance analysis option
(DS70000-AENETC) can work with the fixture (TF-AENET-STP) to provide the flexible and convenient
test solutions for the Automotive Ethernet compliance analysis.

Technical Advantage

Support IEEE and OPEN Alliance protocol standards, wide test coverage
- |EEE 802.3bw, T00BASE-T1, 100 Mbps

- OPEN Alliance TC8, 100BASE-T1, 100 Mbps

- |EEE 802.3bp, T000BASE-T1, 1 Gbps

Support multiple test scenarios and multiple test items

Test device connection diagram and test procedures are available on the test operation interface
of the oscilloscope, easy for users to follow the instructions to complete the test.

Support waveform preview, capable of judging whether the previewed waveform is accurate for
the test

Support generating user-defined HTML or PDF test report, with test results and measurement
values in it

Provide the test devices and accessories necessary for the test, as well as the operation guide

Page 1



Page 2



Protocol Specifications

100Base-T1 (IEEE802.3bw)

Reference Standard Test Item Test Mode
IEEE 802.3bw-2015 96.5.4.1 Transmitter Output Droop Test Mode 1
IEEE 802.3bw-2015 96.5.4.3 MDI Output Jitter(Master)

Test Mode 2
IEEE 802.3bw-2015 96.5.4.5 Transmit Clock Frequency
IEEE 802.3bw-2015 96.5.4.3 Slave TX TCLK Jitter Test Mode 3
IEEE 802.3bw-2015 96.5.4.2 Transmitter Distortion Test Mode 4
IEEE 802.3bw-2015 96.5.4.4 Power Spectral Density

Test Mode 5

IEEE 802.3bw-2015 96.5.6

Peak Differential Output

IEEE 802.3bw-2015 96.7.1.3

MDI Return Loss

IEEE 802.3bw-2015 96.8.2.2

MDI Mode Conversion Loss

100Base-T1 (Open Alliance TC8)

Reference Standard

OABR_PMA TX 01

Test Item

Transmitter Output Droop

OABR_PMA TX 02

MDI Output Jitter(Master)

OABR PMA TX 03

Transmit Clock Frequency

OABR_PMA TX 04

Power Spectral Density (PSD)

OABR PMA TX 05

MDI Return Loss

OABR PMA TX 06

MDI Mode Conversion Loss

OABR_PMA TX 07

MDI Common Mode Emission

OABR_PMA TX 08

Transmitter Distortion
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1000Base-T1 (IEEE 802.3bp)

Reference Standard Test Item Test Mode
IEEE 802.3bp-2016 97.5.3.3 Master Timing Jitter

Test Mode 1
IEEE 802.3bp-2016 97.5.3.3 Slave Timing Jitter
IEEE 802.3bp-2016 97.5.3.3 MDI Jitter

Test Mode 2
IEEE 802.3bp-2016 97.5.3.6 Transmit Clock Frequency
IEEE 802.3bp-2016 97.5.3.2 Transmitter Distortion Test Mode 4
IEEE 802.3bp-2016 97.5.3.4 Power Spectral Density

Test Mode 5
IEEE 802.3bp-2016 97.5.3.5 Peak Differential Output
IEEE 802.3bp-2016 97.5.3.1 Transmitter Output Droop Test Mode 6

IEEE 802.3bp-2016 97.7.2.1

MDI Return Loss

IEEE 802.3bp-2016 97.7.2.2

MDI Mode Conversion Loss
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Features

DS70000 series oscilloscope is equipped with the Automotive Ethernet Compliance test as an
option, which can help you select the test item, configure the test, perform the test with the given
test procedures, and generate the test result report.

Configure Multiple Test Scenarios Flexibly

Automotive Ethernet Test X

System Settings Test Item Test Connection Configuration Result Export

Specification Signal Rate 100Mbps

Signal Type Two Single Signals Single Differential Signal

System Clock

[J use TX_TCLK(Test Mode 3)

Distortion Test Settings(Test Mode 4)

D u urbing Signal Calibration Status

[j Use 10MHz Ref Clock For Synchronization Calibrate

Device Select VNA LETY

Connection Status IP Address 172.16.3.39

Offline Import Calibrate | Calibration Status

Select the protocol specifications and the signal rate by clicking or tapping the drop-down
button of "Specifications" and "Signal Rate".

In DS70000, you can select "Two Single Signals" or "Single Differential Signal" as the test signal
for the specified test.

Select the desired DUT for different tests. You can select the clock signal (TX_TCLK) or MDI signal
for the jitter test.

Four test scenarios can be set up depending on whether involving the disturbing signal or
reference clock signal. The test schemes are different for different test scenarios.

To perform the loss test, use the VNA device or RIGOL's RSA3000N series spectrum analyzer
equipped with the VNA mode.
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Support online configuration and offline import.
Complete Multiple Test Items at a Time

Automotive Ethernet Test

System Settings Test Iltem Test Connection Configuration
W 4 100Base-T1 Tests
W [ TestMode 1
k4 Transmitter Output Droop(96.5.4.1)

[] Test Mode 2

[] Transmit Clock Frequency(96.5.4.5)

[] Test Mode 4
[] Transmitter Distortion(96.5.4.2)
[C] MDI Return Loss(96.8.2.1)

[J MDI Return Loss(96.8.2.1)

Select one test item or multiple test items.

Result Export

X
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Guide Users to Perform the Test with Given Test Procedures

Automotive Ethernet Test X

System Settings Test Item Test Connection Configuration Result Export

TF-AENET-MAT

BNC to SMA cables

1.Connect the DUT, fixture and oscilloscope wown above
2.Configure the DUT master mode
figure the DUT to genera

art Test to start the test

Provide test device connection, device calibration, and test procedures for users to complete the
test.

Display the Waveforms under Test and the Test Results

M)
RIGOL 10005/ |(Q@) o o (@ T @1 oo A Dot

Waveform View X | 1000Base-T1 Test Results (Ref: IEEE 802.3bp)
.

v
E‘B Measuring ltem Measured Value

Master RMS Jitter 0.00ps

Master Peak-to-Peak Jitter 0.00ps 0ps 50ps —

Positive Droop 0.00% NA 10%

Slave RMS Jiter 0.00ps ops 10ps |
Slave Peakto-Peak Jiter 0.00ps ops 10095 =
MDIRMS Jtter 1.98ps ops Sps Passes |
MDIPeakto-Peak Jiter 148505 ops S0ps Passes
Clock Frequency 0.000000MHz 124.9875MHz 125.0125MHz = |
Distortion 10.41m omv 15m Passes
ReturnLoss 0.00d8 NA NA — |
Mode Conversion Loss 0008 NA NA —
Power Spectral Density. 0.00dBm/Hz NA NA = ‘
Peak Output Voltage 0.00v o 1av =
= \

Negative Droop 0.00%

Positive Droop

400.00mV
300.00mV
200.00mv

100.00mv.

ci
99.00mV/ =

Preview the waveforms under test before launching the test to ensure the waveforms are properly

output.
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During the test, a message can be displayed, prompting you to configure the device or test

connection for the next test item (if multiple items are selected).
After the test is completed, the test waveforms and the test results are displayed, showing the

test values and pass/fail results for the specified test items.
Generate the Test Report

Automotive Ethernet Test >

System Settings Test Item Test Connection Configuration Result Export

File Type * htmi Export

File Name AETHReprt File Overlay

Device ID DS70000

Device Description AEthernet

DUT/ECU Name

DUT/ECUID

Tester

File Path Local Disk

Support outputting the test report in "*.html" or "*.pdf" format and save it to the specified path.
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Test Fixture

The test fixtures for the Automotive Ethernet Test are listed below. They are used for different test

items.
Fixture Name Fixture Model Usage
Used for the distortion test, power spectral
Breakout Board TF-AENET-MB-STP density test, peak differential output test, and
common mode test
Preamplifier Board TF-AENET-PAB-STP Used for the transmitter distortion test

Frequency Divider

TF-AENET-FDB-STP
Board

Used for the transmitter distortion test

Matrix Switching Board | TF-AENET-MSB-STP

Used for the MDI return loss test

Adaptor SMA-MATEnet | TF-AENET-MAT-STP

Adaptor SMA-H-MTD | TF-AENET-MTD-STP

Welding Adaptor TF-AENET-PAD-STP

Used for the transmitter output droop test, jitter
test, clock frequency test, transmitter distortion
test, peak differential output test, MDI return
loss test, and MDI mode conversion loss test

The fixture layout is shown below.

Mode conversion loss

Return loss

RIGOL
TF—AENET»MS\B-STPI :

Matrix Switching: TF-AENET-MSB-STP
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Frequency Divider Board: TF-AENET-FDB-STP

RIGOL

TF-AENET-MAT-STP ..

Adaptor SMA-MATEnet TF-AENET-MAT-STP

Preamplifier Board: TF-AENET-PAB-STP

Adaptor Board Model
TF-AENET-MAT-STP

MDI Interface

MATEnet Interface

TF-AENET-PAD-STP

Welding Adaptor

TF-AENET-MTD-STP

H-MTD Interface
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Test Devices

Before performing the Automotive Ethernet compliance test, prepare the following test devices.

Test Devices and Descriptions

Device

Digital Oscilloscope

Description

Supports the Automotive Ethernet compliance test as an option

Recommended DS70000 Series Digital Oscilloscope

Function/Arbitrary Waveform
Generator

Generates the disturbing signal required for the test.

Recommended Function/Arbitrary Waveform Generator model:
RIGOL's DG4000 Series Function/Arbitrary Waveform Generator.

Spectrum Analyzer

Supports the VNA mode.

Recommended spectrum analyzer: RIGOL's RSA3000N series

spectrum analyzer

VNA Calibration Kit

CK106A and CK106E system calibration kits: Open, Short, and

Load.

Low Pass Filter

TF-AENET-FB-STP, used for distortion test.

Specifications Required for the Test Devices

Device

Digital Oscilloscope

Protocol

100Base-T1

Min. 1 GHz Bandwidth, 2CH

1000Base-T1

Min. 2 GHz Bandwidth, 2CH

Differential Probe

Min. 1 GHz Bandwidth

Min. 2 GHz Bandwidth

Function/Arbitrary Waveform
Generator

Min. 12 MHz Bandwith, 2CH

Single-ended: 5.4 Vpp;
Differential: 2.7 Vpp

Min. 125 MHz Bandwith, 2CH

Single-ended: 3.6 Vpp;
Differential: 1.8 Vpp

VNA

Frequency range: 1 MHz to 66
MHz

2-Port

Frequency range: 2 MHz to 600
MHz

2-Port
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RIGOL Products Used for the Test
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DG4000 Series Function/Arbitrary Waveform
Generator

CK106E Calibration Kit
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Specifications

All the specifications are guaranteed except the parameters marked with "typ.".

Fixture Specifications

n

Breakout Board

100 BASE-T1
Protocol Decode

Mainline Loss

(1 MHz to 1GHz, typ.)

<1 dB

Coupling

(1 MHz to 1 GHz, typ.)

19 dB to 21 dB

Directivity

(1 MHz to 1 GHz, typ.)

>18.5 dB

Interface

SMA (50Q, Male)

Distortion Test

Mainline Loss

(1 MHz to 1 GHz, typ.)

<4 dB

Coupling

(1 MHz to 1 GHz, typ.)

17 dB to 32 dB

Interface

SMA (50Q, Male)

PSD Test

Mainline Loss

(1 MHz to 1 GHz, typ.)

<3.5dB

Coupling

(1 MHz to 1 GHz, typ.)

4.5dBto5.5dB

Interface SMA (50Q), Male)
Frequency Divider Board

Freq 125 MHz or 66.67 MHz
Input Amplitude 50 mVp, to 1.4V, (-22 dBm, 6.9 dBm)

Interface SMA (50Q), Male)

10 MHz Sine

Output

Interface SMA (50Q), Male)
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Matrix Switching Board

Port Standing Wave (1 MHz to 800 MHz) <14
Mainline Loss (1 MHz to 1GHz, typ.) >2 dB
Interface SMA (50Q), Male)

Preamplifier Board

Input Gain (< 125 MHz)

>2 dB

Interface

SMA (50Q, Male)

Environment

Environment

Operating +5°C to + 40°C
Temperature Range

Non-operating -40°C to + 70°C
Altitude Below 4,600m

Mechanical Characteristics

Mechanical Characteristics (W x H x L)

Breakout Board

50 mm x 11 mm x 240 mm (approx.)

Preamplifier Board

42 mm x 12 mm x 66 mm (approx.)

Frequency Divider Board

40 mm x 12 mm x 66 mm (approx.)

Matrix Switching Board

40 mm x 22 mm x 130 mm (approx.)
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Appendix A:

Order Information

Order Information

DS70000 Option

Order No.

100M/1000M Automotive Ethernet Compliance Test

DS70000-AENETC

Kits and Fixtures

Automotive Ethernet MATEnet Interface Fixtures and Kits:

breakout board, adaptor SMA-MATEnet, and welding
adaptor

TFB-AENET-MAT-STP

Automotive Ethernet H-MTD Interface Fixtures and Kits:

breakout board, adaptor SMA-H-MTD, and welding
adaptor

TFB-AENET-MTD-STP

Automotive Ethernet Breakout Board

TF-AENET-MB-STP

Automotive Ethernet Frequency Divider Board

TF-AENET-FDB-STP

Automotive Ethernet Preamplifier Board

TF-AENET-PAB-STP

Automotive Ethernet Matrix Switching Board

TF-AENET-MSB-STP

Recommended Accessories

Automotive Ethernet Adaptor SMA-H-MTD

TF-AENET-MTD-STP

Automotive Ethernet Adaptor SMA-MATEnet

TF-AENET-MAT-STP

Automotive Ethernet Welding Adaptor

TF-AENET-PAD-STP

Low Pass Filter

TF-AENET-FB-STP

RF Cable SMA(M)-SMA(M)

CB-SMAM-SMAM-100-L-18G

VNA Calibration Kit

CK106A
CK106E

For all the fixtures and recommended accessories, please contact the local office of RIGOL.
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Boost Smart World and Technology Innovation

Industrial Intelligent

Semiconductors
Manufacturing

Education&
Research

Communication

System Integration New Energy
2 Cellular-5G/WIFI {7k Digital/Analog/RF Chip = New Energy Automobile
9. UWB/RFID/ ZIGBEE (@) Memory and MCU Chip & PV/Inverter
< Digital Bus/Ethernet £} Third-Generation Semiconductor () Power Test
@ Optical Communication & Solar Photovoltaic Cells <> Automotive Electronics

Provide Testing and Measuring Products
and Solutions for Industry Customers

Distribution in the UK & Ireland

Lambda Photometrics Limited
Q lamhda Lambda House Batford Mill
Harpenden Herts AL5 5BZ
L. United Kingdom
Characterisation, E: info@lambdaphoto.co.uk
Measurement & W: www.lambdaphoto.co.uk
Analysis T: +44 (0)1582 764334
F: +44 (0)1582 712084

RIGOL®is the trademark of RIGOL TECHNOLOGIES CO., LTD. Product information in this document is subject to update without notice. For
the latest information about RIGOL's products, applications and services, please contact local RIGOL channel partners or access RIGOL
official website: www.rigol.com
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