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Industry terms

Connected Car, Automotive Ethernet, BroadR-Reach

— Connected Car connected to internet, driven by safety and luxury.

— Automotive Ethernet: electrical, bandwidth, latency, synchronization and network management
requirements specific to automotive market.

— BroadR-Reach an Ethernet physical layer standard for use in automotive applications.

« 100Base-T1 an IEEE standard developed in likeness of BroadR-Reach

—_

BroadR-Reach
100Base-T1 — Automotive Ethernet

1000Base-T1
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What |s Automotive Ethernet? Why Are Manufacturers Switching?

Secure cloud
access gateway

Ethernet

The cloud

Data services, reporting
and tracking

Body/comfort | Chassis/safety Infotainment Powertrain Camera (ADAS) | Automotive V2v
systems systems systems systems systems radar communication
LIN CAN/CAN FD/ USB CAN/CAN FD/
FlexRay FlexRay
Ethernet Ethernet Ethemet Ethernet Ethernet
Climate control Anti-lock braking eCalls Powertrain & Rear-view camera 77,79 GHz LTE-v
systems engine
Tire pressure Hands-free management Backup sensors Collision avoidance DSCR
Power seat control monitoring telephony (MiL, SiL, HiL)
PODS for air bag GPS
systems
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Automotive Ethernet Adoption Forecast
Projections of adoption

Ethernet/MOST/FlexRay Adoption Forecast
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Ethernet adoption forecast

(Source: High-speed automotive bus demand estimates 2015 by Strategy
Analytics)
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Cabling and Signal Communication

100 Mbps symmetrical operation using standard
Ethernet PHY components

100 Mbps TX 100 Mbps 100 Mbps TX

- P=t=————tag] s

100 Mbps RX 100 Mbps 100 Mbps RX

Full Duplex 100 Mbps single pair operation achieved

Only change is to wire-side,
MAC-side remains the same

Standard IEEE 802.3 100Mbps MAC Standard IEEE 802.3 100Mbps MAC
Interface Interface

(Source : Automotive Update, Broadcom, 2012/2)
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What Are We Launching?

New Solutions

100Mb/s

Transmitter test N6467B — Update to include additional
test for Full coverage for 100Mb/s
MDI S-parameter E6964A

Protocol trigger & decode N8847A

Existing BroadR-Reach (100Mb/s) N6467A/B
Transmitter output droop +/-
Transmit clock frequency (master), master TxOut

jitter

Transmit clock frequency (slave), slave TxClk jitter Receiver test E6962A — BER test
Transmitter distortion, MDI return loss

Transmit power spectral density Link Segment test E6963A — Full coverage

1000Mb/s
Transmitter test E6960A — Full coverage NOT including
protocol trigger & decode

KEYSIGHT
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Keysight Automotive Ethernet Solutions

Unique test coverage across 100Base-T1 Tx, Rx and Link Segment, as well as 1000Base-T1 Tx tests
Transmitter Link Segment Receiver

A o ° o 4 R o o e o

- 8) .0) 5e0)

=

E6961A Automotive Ethernet E6963A Automotive Ethernet Link E6962A Automotive Ethernet
Transmit Segment Receiver
«» Complete 1000Base-T1 & 100Base-T1 compliance +* Industry-first 100% test coverage harness & connector ¢ Industry-first Bit Error Rate verification
+¢ Industry-first Protocol trigger & decode % Guided test setup and pass/fail report with margin +¢+ Easy-to-follow setup and pass/fail report
+* Industry-first MDI S-parameter test Medium analysis generation
Dependent Interface

Solution Components (orderable under one part number) Solution Components (orderable under one part
Solution components (orderable under one number) : ENS Vectcér l\clletwork Analyzer number)
« Oscilloscope, ENA, Spectrum Analyzer, AWG ) ngt\f/:: adapters * PXle mainframe, controller, digitizer and AWG
e Fixtures, cables, adapters * Cables and adapters

* Software

e Software

KEYSIGHT

TECHNOLOGIES Page Page 9



Keysight Automotive Ethernet Tx Solution

Whatis it? Why Buy?
Transmitter

E6961A Automotive Ethernet Transmit
+* Complete 1000Base-T1 & 100Base-T1 compliance
¢ Industry-first Protocol trigger & decode

¢ Industry-first MDI S-parameter test Medium Dependent
Interface

Solution components (orderable under one number)
* Oscilloscope, ENA, Spectrum Analyzer, AWG

* Fixtures, cables, adapters

* Software

KEYSIGHT
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What is it?

s Compliance software for both 1000Base-T1 & 100Base-T1 Transmit tests

s Protocol trigger & decode software

+*MDI S-parameter software

s All software, accessories and necessary hardware are structured under one
model number. (NOTE: both accessories and hw are optional)

Hardware configurations are different for different tests

* Transmitter general setup = scope + compliance software + Ethernet test fixture

* Transmitter Power spectral Density test = scope+ optional SA + Ethernet test fixture
* Transmitter Return loss test = scope + ENA + Ethernet test fixture

* Transmitter distortion test = scope + AWG + Freq divider card + Ethernet test fixture

Why Buy?

++*To ensure compliance to 100Base-T1 or 1000Base-T1 IEEE standards
s*Easy to follow test setup and configuration directions

*»*Pass/Fail report with margin analysis

*»*Save time for other tasks

Page Page 10




Keysight Automotive Ethernet Link Segment Solution

Whatis it? Why Buy?
Link Segment

E6963A Automotive Ethernet Link Segment

+* Industry-first 100% test coverage harness &
connector

+» Guided test setup and pass/fail report with margin
analysis

Solution Components (orderable under one part number)
* ENA Vector Network Analyzer

* Cables and adapters

* Software

What is it?

s Compliance software for 100Base-T1 Link segment

s All software, accessories and necessary hardware are structured under one
model number. (NOTE: both accessories and hw are optional)

Hardware configurations
* Software runs on an ENA —E5071C

Why Buy?

+»To ensure compliance to 100Base-T1 Link segment tests

+*Save time from the manual calculation and extra work , configuration and
testing up to 20 ports

s Easy to follow test setup and configuration directions

*»Pass/Fail report with margin analysis - taking the manual error out

KEYSIGHT
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Keysight Automotive Ethernet Rx Solution

Whatis it? Why Buy?

Receiver

[E=R e =

E6962A Automotive Ethernet Receiver
+¢ Industry-first Bit Error Rate verification
+» Easy-to-follow setup and pass/fail report generation

Solution Components (orderable under one part number)
* PXle mainframe, controller, digitizer and AWG

* Cables and adapters

* Software

KEYSIGHT
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What is it?

+*Compliance software for 100Base-T1 Receiver tests

s»Software, accessories and necessary hardware are structured under one
model number. (NOTE: both accessories and hw are optional)

Hardware configurations are different for different tests
* PXle hardware
e Software runs on and controls PXle instrumentation

Why Buy?

+*»+To ensure compliance to 100Base-T1 BER requirements
*»Validation of BER count objectively

*»*Easy to follow test setup and configuration directions

s Automatically configures all of the required test equipment
*»Pass/Fail report with margin analysis

*»*Save time for other tasks
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E6961A Automotive Ethernet Tx Compliance Solution

E6960A 1000Base-T1 Tx Compliance Application

N6467A/B BroadR-Reach Compliance Application (100Base-T1 compliant)
N8847A BroadR-Reach Protocol Trigger & Decoder (100Base-T1 compliant)
E6964A BroadR-Reach MDI S-parameter software (100Base-T1 compliant)

KEYSIGHT
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Tx Test setup N6467A/B and E6G960A

Industry’s unique and only test coverage for protocol as well as compliance

DSOS254A

High-Definition Oscilloscope: 2.5 GHz, 4 Analog
Channels, 800 Mpts memory

33622A Waveform Generator,
120 MHz, 2-channel

o .M‘wv—'. - '“u“ S e

N9010A EXA

EXA Signal Analyzer: 10 Hz to 44 GHz,
-163 dBm DANL @1 GHz

T

(8823 -
TEN
=i a(@ya) ([
», (@@
S "DCI&:-CZ
72@ Eae -y @ = =) @ o=

E5071C
ENA Vector Network Analyzer: 5 Hz to 20 GHz

KEYSIGHT
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BroadR-Reach cable
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Tx Test setup N6467A/B and EG960A DSOS254A 2.5 GHz or better

USB Cable from
DUT to scope

e
(]

N

7

[Tl
s
[T

nen | ! @1

e
e
-~

Twisted pair cable from DUT
to connector board BNC Cables from connector board to scope
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Keysight Ethernet Fixture if used for Breakout

* Supports
« Automotive BroadR-Reach specification
« 10/100/1000 Ethernet compliance spec
* Includes:
» Fixture
» 2 Ethernet Cables
« Calibration fixture

« Disturbing signal test
section (Blue)

« Balun used for Power
spectrum density test ; Sl R
(G I‘een) : ! " e " Mo |5 '\‘ B sout o/c 17 vesed

fglisat Tscdooiogise ¢
2-26404  REV 001

o
NS

* Break out board used x{

for RJ45 connections . %

(Yellow) o)
KEYSIGHT
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Overview of Transmitter Tests — E6960A

Category Test mode | Test Measurement Keysight model
ltems Equipment

Test mode 6 97.5.3.1 Transmitter output positive droop Oscilloscope DSOS254A or better
Test mode 1 97.5.3.1 Transmitter output negative droop Oscilloscope
Test mode 4 97.5.3.2 Transmitter distortion Oscilloscope 81150AAWG 2 channel
+ AWG
Test mode 1 97.5.3.3 Transmitter master and slave timing jitter Oscilloscope
Transmitter Test mode 2 97.5.3.3 Transmitter MDI jitter Oscilloscope
1000Base-T1 IEEE Test mode 5 97.5.34 Transmitter Power Spectral Density (PSD) Oscilloscope N9010A (3.6GHz)
Std 802.3bp-2016 with spectral analyzer + Spectrum Analyzer
Test mode 5 97.5.34 Transmitter Power Spectral Density (PSD) Oscilloscope
with oscilloscope
Test mode 4 97.7.2.1 MDI Return Loss Oscilloscope E5071C ENA Series
+ Network Analyzer
Test mode 5 97.5.3.5 Transmitter Peak Differential Output Oscilloscope
Test mode 1 97.5.3.6 Transmit clock (TX_TCLK125) frequency Oscilloscope
KEYSIGHT
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Overview of Transmitter Tests — N6467A/B

Category Test mode Test Measurement Keysight
ltems Equipment model

Test mode 1 5.4.1 Transmitter Output Droop Oscilloscope DS0OS254A or
better
Test mode 2 5.2 Transmit Clock Jitter Oscilloscope
Testmode2and 3 5.4.3 Transmitter Timing Jitter Oscilloscope +81150A AWG 2
Transmitter +AWG channel
100Base-T1
IEEE Std Test mode 4 5.4.2 Transmitter Distortion Oscilloscope
802.3bw-2015 Test mode 4 8.2.2 MDI Return Loss +Vector Network Analyzer + E5071C ENA
Series
Test mode 5 54.4 PSD (Power Spectral Density) Oscilloscope +N9010A
+ Spectrum Analyzer (3.6GHz)
Test mode 5 96.5.6  Transmitter Peak Differential Output  Oscilloscope
(NEW)

NOTE: Basic test setup includes an oscilloscope 1 GHz or better. Additional instrumentation is required as indicated.

KEYSIGHT
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Test Signals

k=

sl
Y

« Maximum Transmitter Output « Transmitter Timing Jitter * Transmitter Distortion « Transmitter Power Spectral
Droop « Transmit Clock Frequency Density

e MDI Return Loss
« MDI Mode Conversion Loss

« Test signals are mandatory for transmitter test (Test Mode 1, 2, 4, 5)
« Test signals can be transmitted by setting register

KEYSIGHT
TECHNOLOGIES Page Page 20



5.4.3 Transmitter Timing Jitter (Master)

B Spec
Jrxour < 90ps

B Test Pattern
Test Mode 2

B Test Procedure

* Measuring Jitter (RMS) between Test Mode 2 and unjittered reference.

« Scope Setting

v

Sampling Rate : 20GSa/s, Memory : 20M points
« Acquisition time is at leastlms. Repeat test 3 times for accuracy

Transmitter
Under Test

g 100 Ohm

High Impedances
Differential Probe

Transmittar Clock

)

Digital
Oscilloscope/
Diata Aca,

Figure 5.1 Transmitter Test Fixture 1: Droop, Jitter

KEYSIGHT
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5.4.3 Transmitter Timing Jitter (Slave)

B Spec

Jixout < 0.01UI (Unit Interval) (equivalent to 150ps)

B Test Pattern
Test Mode 3

B Test Procedure

* Measuring Jitter (RMS) between Test Mode 2 and unijittered reference.

* Scope Setting

v

Sampling Rate : 20GSa/s, Memory : 20M points
« Acquisition time is at least 1ms. Repeat test 4 times for accuracy.
« If DUT does not provide access to TX CLK, testing cannot be performed.

Link Partner

MASTER

Unjittered Reference

DSO

DUT TX_TCLK

KEYSIGHT

TECHNOLOGIES

Link
(normal operation)

Device Under Test

SLAVE

Page
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5.4.2 Transmitter Distortion

B Spec
Peak Distortion < 15mV

B Test Pattern
Test Mode 4

B Test Procedure

« Calculating the least mean squared error for the peak error between the ideal reference

and observed symbols.

* Using Matlab to process the 2ms captured waveform.
» Calculate the peak distortion at 10 uniformly spaced phase offset over 1 symbol perio

50 Q

\
A

|
l L s0Q
: Y
i High Impedance
! Differential Probe !
I \ -
\ . [':;llglml Post
——>| Oscilloscope/ = Processing
Data Acq

1
| .
1 Transmit reference clock

Figure 5-2 Transmitter Test Fixture 2: Distortion

KEYSIGHT
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A
\Y
. \ Vq
Transmitter N AN
Under Test \ :
1
/ 1

__________

Distortion (i

——%—— Peak Transmitter Distortion Far All Phases

Mazx: 5.7995my

0.1 nz 0.3 04 na 0.6 nr na n.a
Phase

Page
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5.4.2 Transmitter Distortion (cont)

» This test requires the test equipment (disturber and

oscilloscope) to be synchronized with DUT’s
TX_ CLK to guarantee internal sampling clock
shares a common clock source and is phased
locked

« If TX_CLK is not accessible, distortion testing will
be tested without test equipment synchronization %

12 Moy 2012 B:36 PM |

Oscilloscope
Q ] &
@)

High Impedance i

BroadR-Reach DUT

Disturber
Generator

Transmitter
Distortion Adapter

NEW!

EEEEEEN T

1 Frequency

Divider

T

Figure A.5: Distortion Test Setup (Test Fixture 2)

Delete |18
Al C

KEYSIGHT
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N8847A can Trigger on a specific event

File Control Setup Display Trigger Measure Math Analyze Utilities

Trigger

1 B sequence(A-B)

BIILIDA | SE3Y LUl

SEI|A

Timeout ..10110... |Shortcuts...|

Window ["Gallery... |
[Protocol 0

¥

- Protocol Source

| Setu ‘

High Threshold
Y |A| [150.0 mv

- Thresholds
Low Threshold

+150.0 mv YAl

- Type
|1Pva

|1Pv4 UDP

Destination MAC ['¥| 33-33-00-01-00-02

(V) B4-B5-2F-E0-64-50

Source MAC

<Select Field>

View As Bits

Channel 1

Demos Help

*MAC destination addresses
*MAC source addresses

il AM r \/ L] S
10/2/2017 Tt X

TECHNOLOGIES
I’-\J
«

- Sweep

@ Auto

© Triggered

| Conditioning...
| Trigger Action...
| Thresholds...

Clear Trigger
Settings
e —— 15 mV
m 433 mv
Trigger Setup... 400 ns 500 ns 1

vetails
b details in the packet at the selected

3.15V
2.70v

2.25V
1.B1V
1.36V
911 mV

463 mV

ayload
D packet at the selected line

eader

KEYSIGHT
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No packet at the selected line

Ethernet MAC + VLAN

-Layer 2

Ethernet Physical Layer (BroadR-Reach)

N8847A can Decode, Trigger and Search

MAC destination addresses
MAC source addresses

MAC length/type

ARP header

IPv4 header/payload

IPv6 header/payload

UDP header

TCP header/payload

Frame check sequence - FCS
Cyclic redundancy check - CRC
Errors

802.1Q (VLAN)

802.AD

Page
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N8847A Protoco

|

=
m

=

m

[+1]

7]

5
!
8
=zl
1]
4]

w

Stop ﬂ . 5 |

Waveform Window 1

Triggering & Decode

File Control Setup Display Trigger Measure Math Analyze Utilities Demos Help

0:39 AM
10/2/2017

Ethernet MAC + VLAN

Ethernet Physical Layer (BroadR-Reach)

AM0Tus  MODps  4309ps  4398ps M3

9 '“f; Protocol Window

Memory 1: IEEE 802.3

Blue marker in the
Waveform window

Selected Packet
® Details

] "
Index | Time Sc irce Port | Source Index | Time Data Details

that time correlates  |§

-486.5510480 us

IPv4 UDP

-440.1916687 us

the waveform with the 5

-468.4984662 us

ARP

-440.1017121 ps

-459.6513851 ps

IPv4 ICMP Address Mask Reply

-440.0117569 ps

Packets and Symbols

-450.8048959 us

-439.8618302 ps

IPve TCP

IPv6 UDP

DH

CPv6 Client

-439.9517863 us

-439.8618302 us

Listing

-422.2884888 us

IPv& ICMP FMIPVvE Messages

-439.7718724 us

-409.1224290 us

IPvS Authentication Header (EH)

-389.8431347 us

IPv4 TCP

-439.7119014 ps

-439.6219451 ps

UOREULIOJUT 18436d pa1dajes

-380.9965015 us

IPv4 UDP

-439.5319878 us

-362.9420914 us

ARP

-439.4720162 us

-354.0969799 pus

IPv4 ICMP Address Mask Reply

-439.3820573 us

-345.2520277 us

IPve TCP

-439.2921003 uys

KEYSIGHT

TECHNOLOGIES

- Generated Fields
Packet Length = 1384
-~ 1IEEE 802.3 R1

- IEEE 802.3
111

ayload

000: 01 53 CE CA
008: oO0C 1C 00 01

111
leader

§ Payload/Header -
showing layer 4 in
) the PHY stack
Symbols are 3B4B
» data

8 4B data is

Page Page 26



Packet Details
Details of OSl layers 2, 3, and 4

Details
- Generated Fields
Packet Length = 1384
- TEEE 802.3 R1
--1EEE 802.3
Destination MAC = 33-33-00-01-00-02 Hardware Address
Source MAC = B4-B5-2F-E0-64-50 Hardware Address
Length/Type = Internet Protocol version 6 (IPv6)
--IPv6
Version = 6 Decimal
Differentiated Services = Default PHB
Explicit Congestion Notification = Non-ECT (Non ECN-Capable Transport)
Flow Label = 0 0000 Hex
Payload Length = 115 Decimal
Next Header = User Datagram Protocol (UDP)
Hop Limit = 1 Decimal
Source IP = FE80:0000:0000:0000:BCF3:2497:DFCA:088D Hardware Address
Destination IP = FF02:0000:0000:0000:0000:0000:0001:0002 Hardware Address
- IPv6 Next Header
-uDpP
Source Port = DHCPv6E Client
Destination Port = DHCPv6 Server
Length = 115 Decimal
Checksum = A5D0 (GOOD)
Payload = 01 53 CE CA 00 08 00 02 OC 1C 00...
FCS CRC = F629 2503 (GOOD)

uonewLIOjUl 3932ed palda|es

KEYSIGHT
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Ethernet MAC + VLAN

&yer 1 Ethernet Physical Layer (BroadR-Reach)

Page
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Protocol Triggering & Decode
Must decode one direction at a time

Wilder Technologies 110-1089-000
EEE Electrical Compliance Test
Fixture used to breakout the
bidirectional signals

100/1000BTe
Test Section 2

~
>

e ————— e
DUT and Link Partner™

Load and Probe < Test Section 4

Test Section3 “® oo § + oK 0% ~

Other methods of breakout are also

acceptable ie Rosenberger cable
adapter

KEYSIGHT
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Overview of MDI S-parameter Test — E6964A

Target Specification Parameter Measurement Keysight
Equipment model

IEEE802.3bw MDI Test 96.8.2.1, 96.8.2.2

OABR Physical Layer Transceiver Spec. V3.2 MDI Test 8.2.2 Vector Network E5071C ENA

Analyzer Series
Open Alliance Automotive Ethernet ECU(TC8) OABR_PMA_TX_05,
OABR_PMA_TX 06

NV KEYSIGHT  S207i¢ v

KEYSIGHT
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E6964A MDI S-parameter test
Typical test setup

| Trarsmitter Under
Test
(oum)

| N53554 Ethernet Transmitter Test Fdure

R4S CATSe Lan Cable

KEYSIGHT

TECHNOLOGIES

As described in 100Base-T1 MDI transceiver tests.

Required Equipment
+ E5071C ENA Series Network Analyzer

» Option 480 or 485 (8.5 GHz) / 4D5 (14 GHz) / 4K5 (20 GHz)
« ENA Firmware Revision B.13.30 or later

Accessories

* N5395C Ethernet Test Fixture for use with RJ45 connectors
(For custom connectors, the user needs to provide fixtures.)
« 2-port or 4-port ECal Module
«  N4431B, N4691B (for E5071C-480/485)
*  N4433A, 85093C (for E5071C-4D5/4K5)
» Coaxial Adapters and RF cables (2/ea.)

Page



E6964A MDI S-parameter test
Typical test result

1 Active Ch/Trace 2 Response 3 Stimulus 4 Mkr/Analysis 5 Instr State Resize

Tri sddil Log mMag 10.00dB/ Ref 0.000dB [F2] Pl sdcil Log Mag 10.00ds/ Ref 0.000dB [F2]
10.00 10.00
™mi:s Pass|] | v P v vrtvrtirert 11t 11l I'sma: Pass
0.000 4 0.000p 4
What the ENA display shows
,// i
" i
-20.00 z -20.00
=
<
oooooo
- A
_n A1 . _________________________________
-50.00 -50.00 ~ 1 1 L T T [—
— G S5kl son =en L5, S5da . aal o, ok 475
A
T
60.00 60.00 P
//
= Sl =2 b
o-e0 " EYTTITTT Mode GO
-
Return Loss
Return Loss
90.00 90.00 L
1 Start 1 MHz IFBW 30 Hz stop 200 MHz BV I

FAIL A

Sdd11 and Sdc11 test result example y ral

LT Y IILI
U 1 | ||I||“'.. L l'i ‘ || h
dkl| lil."lJI |I|" I'|I II| Ilrli

1] .-I | I ! :Ill |I JII|II_.|L |I."'| l""|'J.'.l|'_ . f,

KEYSIGHT
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Automotive Ethernet Waveform Separation Solution

Normal Ethernet 100BASE-TX

Tx — Rx
H Rx < ——— Tx m

Dual Simplex, Uni-Directional

Automotive Ethernet 100BASE-T1

Tx&Rx meeessssssssssssssssssssm——) Tx&RX
-

Full Duplex, Bi-Directional

Automotive Ethernet signals are transmitted in both directions simultaneously on a single-pair cable.

That's why the Automotive Ethernet waveform observed on the scope is chaotic.

KEYSIGHT

TECHNOLOGIES
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Automotive Ethernet Waveform Separation Solution — Cont.

SMA Adapter Fixture

Auto Ethernet DUT1 Auto Ethernet DUT2
SMA Adapter Fixture

| «—Solder-in probe on the transmission line

The Actual mixed waveform of DUT1 and DUT?2.
Cannot be evaluated without separation.’

KEYSIGHT
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Automotive Ethernet Waveform Separation Solution — Cont.

Automotive Connector

o Automotive Connector2
Separation Fixture

In1

Automotive Ethernet DUT1

Real-Time Eye
17U
1 Wms

Waveform and Eye Pattern of DUT1

900 s

Automotive Ethernet DUT2

Real-Time Eye
28U
1 Wims

150 20 -900ns -600ns 300ns 00s 30 ns 600ns U0 120ns

Waveform and Eye Pattern of DUT2

DUT1 and DUT2 waveforms successfully separated

KEYSIGHT
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E6962A Automotive Ethernet Rx Compliance Solution

KEYSIGHT

TECHNOLOGIES




Receiver Test — E6962A Bit Error Rate Veri

Target Specification

IEEE802.3bw 2015

Open Alliance BroadR-Reach Physical Layer Transceiver
Specification for Automotive Application V3.2 June 24, 2014

Open Alliance Automotive Ethernet ECU Test Specification (TC8 ECU
and Network Test) January 15, 2016

KEYSIGHT

TECHNOLOGIES

fication
96.5.5.1
551 PXle chassis, controller and

M3302A AWG and digitizer
OABR_PMA RX 01

Page Page 36



E6962A Receiver Test Setup

’Fﬁm AW +

M3302A Combo Module

KEYSIGHT

TECHNOLOGIES

o DIG D+

11636B Power Splitter

A

From AWG D-

To DIG D: |

...........

Example of Custom Test Fixture

11636B Power Splitter

Wire Harness (15m)

PHY MPU

Custom Test Fixture

DUT
Customers have to set PHY
to remote loopback mode

Page Page 37



E6962A Receiver Test

AWGand DU

Typical test setup and Benefit

Benefits:
SMA to
« Simplifies receiver compliance testing. caties

« Automatically configures all of the required test
equipment reducing the overall test time.

« Diagrams to show you how to make connections to

il

11636B

Power
the device under test. Dividers
« Creates a printable pass/fail HTML report with
margin analysis sMAto
Cables
E6962A can make ‘true’ BER test | e
ransm_ure:tr naer
(B o
KEYSIGHT ‘ | N5395A Ethernet Transmitter Test Fixture

R145 CATSe LAN Cable Page 38

TECHNOLOGIES




E6963A Automotive Ethernet Link Segment
Compliance Solution

KEYSIGHT
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Overview of BroadR-Reach Link Segment Software — E6963A

BroadR Reach
Definition for
Communication
Channel ver 2.0

KEYSIGHT

TECHNOLOGIES

5.1.1 Cable Test

CIDM, IL, RL, LCL, LCTL

5.1.2 Connector Test

CIDM, Intra Pair Skew, IL, RL, LCL, LCTL
5.1.3 Whole Communication Channel Test
CIDM, IL, RL, LCL, LCTL

5.2.2 Connector Test for Alien Crosstalk
ANEXT, AFEXT, ANEXTDC, AFEXTDC

5.2.3 Whole Communication Channel Test (4 around 1)

PSANEXT, PSAACRF, ANEXTDC, AFEXTDC

Measurement Equipment | Keysight
model

4port Vector Network

Analyzer with opt TDR is ES071C
required. ENA Series
opt TDR

Both differential reflection and
transmission have to be
measured

Page Page 40



Test Setup for Harness Connector Test

Ground plane min.2x1m
ECU Iniine e ISOlAtion
connector connectors
Catie o M f‘ N\ ﬁ connector suppurt
Port 1
L" i,
U U Alrmm
[ wd
&

Cable to
WMNA T TOR | :

ECU Iniine )
o0 o | connector comecir \/ Ve
fest fidure i, 30mm 1

Compliant Test Configuration

KEYSIGHT
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GUl and Repor

Sample

"B srzomol

[

t

===

Method of Implementation for BroadR-Reach(R)

Definitions for Communication Channel Ver2.0 Nov 28,2014

Main Page

Main Setup

5.1 Basic Requirements for Standalone Comm. GhanneSCC)

5.1.1 Cable Test

5.12 Cormector Test

5.1.3 Whole Comm. Channel Test

52 Additional Requirement for Standalone Comm. Channel

522 Connector Test

5.2.3 Whole Comm. Channel Test

Test Report

KEYSIGHT

TECHNOLOGIES

Main Control Window

5.1.1 Cable Test Report
[Tme-domain Measurements.
cou
Frequency-domain Measurements
L:(Sad21)
RL:(Sdd11)
RL:(S0d22)
LCTL:(Sdc12)
LCTL:(Sdc21)

| tevsdern)

LCL:(Sdc22)

m

Characteristic impedance differental m

Insertion Loss (differential mode)
Return Loss (differential mode)
Return Loss (differential mode)

Longtudinal Conversion Transmission ...
Longtudinal Conversion Transmission

Longtudinal Conversion Loss
Longtudinal Conversion Loss

Pass

Pass
Pass
Pass
Pass
Pass
Pass
Pass

11-Jul-2017 17:34
Result

[E5071C Network
1 Active Ch/Trace 2 Response 3 Stimulus 4 Mkr/Analysis 5 Instr State Resize
M Tddll Impedance 10.00u/ Ref 100.0U EFA Zr] Trl 5dd21 Log Mag 2.000dB/ Ref Tr2 Sddll Log Mag 10.00de/ Ref

Tr3 Tdd22 Impedance 10.00U/ Ref 100.0U [F4 Zr Tr5 Sdd12 Log Mag 2.000de/ Ref Tr6é 5dd22 Log Mag 10.00dB/ Ref
130.0 4.000 20.00
Delta Time (Tr3): -347.52 ps (-36.834 mm) Trl: Pass 2.000 1;% gg:: 10.00 Tr2: Pass
120.0 |
0.000M W 0.000) 4
110.0 2.000 \ 10.00 5
4/
-4.000 -20.00
100, 0y -6.000 N -30.00
90.00 |- — -8.000 "\ ~40.00
-10.00 \ -50.00
80.00 -12.00 -60.00
20,00 -14.00 -70.00
-1n 39n  59n  79n  99n 119n 139n 159n 199n -16.00 5 -80.00
Tr2 T31 volt 200.0mu/ Ref 0.000U FA] Tr3 5dc2l Log Mag 10.00dB/ Ref Tr4 Sdcll Log Mag 10.00dB/ Ref
Tr4 T42 volt 200.0mu/ Ref 0.000U [F4 Tr7 Sdcl2 Log Mag 10.00dB/ Ref Tr8 Sdc22 Log Mag 10.00dB/ Ref
1.000 20.00 T TReT FaEE 20.00 T
pelta Time (Trd4): 5.7985 ps (1.2292 mm) Tn3: pass Tr4: Pass
. p 10.00 Tr7+ Pass 10.00 TrB: Pass
800. Om 2
0.000K 4 0.000K 4
600. Om -10.00 -10.00
-20.00 -20.00
400, Om -30.00 00 &
200.0m -40.00 id 8 ). 00 il
-50.00 -50.00
0. 000 ‘il -60.00 -60.00
200. Om 1 | ~70.00 ~70.80
in 39n  59n  79n 99n 119n 139n 159n 199n -80.00 -80. 00
|1 Start-1ns IFBW 10 kHz Stop 199 ns [E TOR [Ful] |l 2 Start 300 kHz IFBW 100 Hz Stop 1 GHz Sim. Cor

Test Result Example — E5071C screenshot of limit test

Test Report Example — Pass/Fail List

KEYSIGHT

TECHNOLOGIES

B Produces Pass/Fail report
Open Alliance Definition for Communication Channel ver 2.0
(except Sdsxx test)

5.1.1 Cable Test

5.1.2 Connector Test

5.1.3 Whole Communication Channel Test

5.2.2 Cable Test

5.2.3 Whole Communication Channel Test

YNNI NN

B Saving Test Data
v" Touch stone file
v’ Csv file
v' Screenshot

B Automated VNA setting

Page 42




Back up slides

KEYSIGHT
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E6961A ordering information
BroadR-Reach Tx Solution (100Base-T1 compliant)

Q Order Software

Used for what tests

Option name |Description N6467B BroadR-[E6960A N8847A Protocol [E6964A MDI S-
Reach 1000Base-T1 parameter
ompliance ompliance

E6960A-1FP  1000BaseT1 Transmitter Compliance

niles(?[ljc;:ggr Application fixed perpetual license
one of N6467B-1FP BroadR-Reach compliance software, fixed

perpetual license
N8847A-1FP  BroadR-Reach Protocol Triggering & Decode
Software fixed perpetual license

Optional Apply

only to :
y E6964A-1FP  BroadR-Reach MDI S parameter software fixed
N6467B . X
perpetual license
KEYSIGHT

TECHNOLOGIES Page Page 44



E6961A ordering information - continued
BroadR-Reach Tx Solution (100Base-T1 compliant)

e Order Accessories

Option name

Description

Used for what tests
N6467B E6960A  N8847A E6964A

SMA Cable - SMA(m) -SMA(m) x 2

_ E6961A-AEB Adapter, N-Type (M) to SMA (F) 1250-1250 x 2 i &
Required (bundle of fixtures and -~ - N
cables) thernet test fixture N5395C
Frequency Divider Board PCB X X
E6960-26600 Transmitter distortion test
X
Optional E6961A-EEE Energy efficient Ethernet test fixture ~EEE-TPA-ERK Used to remove one direction of the bidirectional
signal
Required E6961A-MDI 2:&23?3222? IZ: g)g;;}i?:;mﬁtz f;gng 4 includes; A total of 4 SMA cables is needed for E6964A, also
, adeb J order E6961A-AEB
Required Oscnloscc.)p'('e probe and probe head,
E6961A-PRO 1131B InfiniiMax Probe 3.5 GHz X X
E2678B probe head
. o X X X
. RF Electronic calibration module, 4 ports (Ecal) N4431B
Optional E6961A-ECL (ECal), 9 kHz to 13.5 GHz, 4-port with N4431-010 Used to calibrate the network analyzer
X X | |
Optional E6961A-USB 82357B USB/GPIB Interface High-Speed USB 2.0 Used for MDI S-parameter to control ENA from

Oscilloscope




E6961A ordering information - continued

BroadR-Reach Tx Solution (100Base-T1 compliant)

Option name

Description

Used for what tests
E6960A N8847A E6964A

N6467B

e Order Hardware wote: it is optional to order the hardware through the E6962A however it is necessary to have this equipment to fully test compliance

E6961A-AWG 81150A Pulse Function Arbitrary Noise Generator, 2 | X - X
channel Transmitter distortion test
E5071C ENA Vector Network Analyzer, options X X X

E6961A-ENA

Ootional 440,810, 820 MDI S-parameter
ptiona . :

E6961A-0SC DSOS254A Oscilloscope: 2.5 GHz, 4 analog « «

channels
' [ X X

E6961A-EXA N9(?10A EXA Signal analyzer , 10 Hz to 44 GHz with _

option 503 and FSA Power spectral density test
KEYSIGHT

TECHNOLOGIES

Page
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E6962A ordering information
BroadR-Reach Rx Solution (100Base-T1 compliant)

Q Order Software

Option name Description

E6962A-1FP BroadR-Reach Receiver Compliance Application fixed perpetual license

E6962A-1TP BroadR-Reach receiver compliance software, transportable license

e Order Accessories
Option name Description

E6962A-PWD Power Divider, 3.5 mm (f), DC to 26.5 GHz
E6962A-SMA Cable , SMA(m) -SMA(m) x 4

e Order Hardware nwote: it s optional to order the hardware through the E6962A however it is necessary to have this equipment to fully test compliance

Option name Description

E6961A-AWG PXle chassis and filler panels, MO010A, Y1212Ax2, Y1213Ax2
E6962A-PXC M9037A PXle High Performance Embedded Controller, Memory, 16GB, Windows Embedded Standard 7 (64 bit)
M9037A, M9037A-M16, M9037A-WEG
E6962A-PXD M3302A PXle AWG and Digitizer Combination with sampling clock, FPGA and HVI programming memory and FPGA
M3302A, M3302-C22, M3302-CLV, M3302-FP1, M3302-HV1, M3302-K41, M3302-M20
E6962A-CBL Cables for the monitor
Mp E6962A-KYM Keyboard and mouse
————ag

a7



E6963A ordering information
BroadR-Reach Link Segment Solution (100Base-T1 compliant)

e Order Software

Option name Description

EG963A-1TP BroadR-Reach Link Segment Application transportable license

EG963A-1FP BroadR-Reach Link Segment Application fixed perpetual license

e Order Accessories

Option name Description

E6963A-APC Adapter, Straight APC (M)- APC(F) x 4
E6962A-SMA Cable , SMA(m) -SMA(mM) x 4

e Order Hardware

Option name Description
EG6963A-ENA E5071C ENA Vector Network Analyzer with option TDR, 440, 820 and 810

Note: it is optional to order the hardware through the E6963A however it is necessary to have this equipment to fully test compliance

KEYSIGHT

TECHNOLOGIES

Page
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Automotive Ethernet Standards: 100Base-T1 vs. 1000Base-T1

BroadR-Reach

100BASE-T1

1000BASE-T1

IEEE

Standard n/a 802.3bw-2015 802.3bp-2016
Transmission
s Speeds 100 Mb/s 100 Mb/s 1000 Mb/s
: . Single Balanced Single Balanced
Cable twijtlggleauips?tljellliid lex Unshielded Twisted Pair,| Unshielded Twisted Pair
pair, P full duplex 15m Cable
Cable Type CAT 5 CAT 5 CAT 5e
Disturbing
signal (TM4) 5.4Vpp @ 11.11 MHz | 5.4Vpp @ 11.11 MHz 3.6 Vpp @ 125 MHz
PHY Signal PAM3 @ 33.3 MHz PAM3 @ 66.667 Mb/s PAM3 @ 750 Mb/s

KEYSIGHT

TECHNOLOGIES

Page
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Background to Solution Launch

Nov. 2011
Dec. 2011

...in the meantime...

Oct. 2015

...in the meantime...

Jun. 2016

KEYSIGHT

TECHNOLOGIES

OPEN (One Pair EtherNet) Alliance is formed to encourage Ethernet-based
networks as the standard in automotive networking applications

BroadR-Reach, invented by Broadcom, is officially released

OABR (OPEN Alliance of BroadR-Reach) encourages adoption of automotive
Ethernet using the BroadR-Reach technology

100 Mbit/s Ethernet for automotive applications is standardized as IEEE 802.3bw
with the terminology 100Base-T1, a little more strict than BroadR-Reach specs

OPEN Alliance, no longer specific to Broadcom’s BroadR-Reach, continues to
promote automotive Ethernet and to work with IEEE to complete new standards
for even greater capability

1000 Mbit/s Ethernet for automotive & industrial applications is standardized as
IEEE 802.3bp with the terminology 1000Base-T1

Page

Page 50



Automotive Ethernet

KEYSIGHT

TECHNOLOGIES

Kyu-Il, Kim




Agenda — what you can expect

Product Overview

January 22,

KEYSIGHT ‘ Keysight o
P

OLOGIES i
TECHNOLOGIE restrictred




What Are We Launching?

New Solutions

100Mb/s
Transmitter test N6467B — update to included additional
. .. test for Full coverage for 100Mb/s
Exsting o oo 100V N7
Transmit clock frequency (master), master TxOut Protocol trigger & decode N8847A
jitter
Transmit clock frequency (slave), slave TxClk jitter Receiver test E6962A — BER test
Transmitter distortion, MDI return loss
Transmit power spectral density Link Segment test E6963A— Full coverage
1000Mb/s

Transmitter test E6960A — Full coverage NOT including
protocol trigger & decode

KEYSIGHT Keysight January 22,
TECHNOLOGIES restrictred rA018



January 22, 2018

Keysight Automotive Ethernet Solutions

Unique test coverage across 100Base-T1 Tx, Rx and Link Segment, as well as 1000Base-T1 Tx tests

Transmitter

E6961A Automotive Ethernet

Transmit

¢ Complete 1000Base-T1 & 100Base-T1 compliance

+* Industry-first Protocol trigger & decode

+¢ Industry-first MDI S-parameter test Medium
Dependent Interface

Solution components (orderable under one number)
e Oscilloscope, ENA, Spectrum Analyzer, AWG

* Fixtures, cables, adapters

e Software

" - T O TN O LLOar o

Link Segment

3 i A Mt ) o e

.;af’«.:":‘zr‘é‘«.».'.a,.__ s N,

E6963A Automotive Ethernet Link

Segment

¢ Industry-first 100% test coverage harness & connector

+» Guided test setup and pass/fail report with margin
analysis

Solution Components (orderable under one part number)
* ENA Vector Network Analyzer

e (Cables and adapters

e Software

Receiver

E6962A Automotive Ethernet

Receiver

¢ Industry-first Bit Error Rate verification

+» Easy-to-follow setup and pass/fail report
generation

Solution Components (orderable under one part
number)

* PXle mainframe, controller, digitizer and AWG
* Cables and adapters

. SoftwarKeySight
" restrictred
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January 22, 2018

Keysight Automotive Ethernet Link Segment Solution

What is it? Why Buy?

Link Segment

E6963A Automotive Ethernet Link Segment

+¢ Industry-first 100% test coverage harness &
connector

¢ Guided test setup and pass/fail report with margin
analysis

Solution Components (orderable under one part number)
* ENA Vector Network Analyzer

* Cables and adapters

* Software

What is it?

s Compliance software for 100Base-T1 Link segment

s All software, accessories and necessary hardware are structured under one
model number. (NOTE: both accessories and hw are optional)

Hardware configurations
» Software runs on an ENA — E5071C

Why Buy?

++To ensure compliance to 100Base-T1 Link segment tests

s*Save time from the manual calculation and extra work , configuration and
testing up to 20 ports

s+ Easy to follow test setup and configuration directions

s»Pass/Fail report with margin analysis - taking the manual error out

KEYSIGH
TECHNOLOGIES
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Agenda — what you can expect

What Are We Launching?

g0
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Network Analyzer Overview

KEYSIGHT

TECHNOLOGIES

aaaaaa




Baysayhta2saitsed

Comparison of 3 measurement instruments

Fourier Transform

=)

Oscilloscope Spectrum Analyzer
Period
/\ /\ Frequency
'\/ \/ Voltage
Current

TDR

.
L

impedance

KEYSIGHT

TECHNOLOGIES

2o -~ ——----- -
t

>

ime

Network Analyzer

Incident

Reflected

Transmitted

Page
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Baysilyt22sieed | |
Basic Concept of Analysis — Stimulus & Response test system

Lightwave Analogy to RF Energy

Incident > b
[ —]

:) » Transmitted

Lightwave

Reflected

o M— ? ||||||||| ) =—=p -

RF
KEYSIGHT

TECHNOLOGIES
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Kmysﬂgmmsﬂm.ﬁéd .
Basic Concept of Analysis — Vector Measurement

Measures both Magnitude & Phase

KEYSIGHT

TECHNOLOGIES



Kmysamtmsﬂm.ﬂad

Basic Concept of Analysis
Incident > P |
R ~_ > Transmitted E
Reflected B @
A
° (0
REFLECTION TRANSMISSION

Reflected A Transmitted B E
eflecte _ 4 5111 522 : _ 521’ 512 A X
Incident Incident R
‘7 / Return , / \\ Group

Loss Gain / Loss Delay AI DUT |7

Impedance, v Insertion
Reflection i .
. Admittance Transmission Phase

Coefficient . ..
- R+jX, Coefficient

H p G+JB T:T

KEYSIGHT
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Baysayhit22s2iifd

impedance

Time-Domain Reflectometry (TDR)
What is TDR?

Time-domain reflectometry
Analyze Characteristic impedance versus time
Measures in Frequency domain and converts it to Time domain using IFT(Inverse Fourier Transform)

Inductive

Capache,,f"

transition

/

Non-Zo transmission line

KEYSIGHT

TECHNOLOGIES Page 62



Baysariit22s2iiR:d

Time-Domain Reflectometry (TDR)
Requirements for both Time domain and Frequency domain measurement

Frequency Domain

* Insertion Loss (Sdd21)
» Return Loss (Sdd11)

» Crosstalk (NEXT)

Time Domain
» Characteristic Impedance (TDR)

KEYSIGHT

TECHNOLOGIES

Traditional Solution

Ly

/

Vector
Network
Analyzer

(VNA)

\

4

TDR
Scope

~

New Solution

ALL parameters can be
measured with
ENA Option TDR

One-box solution G




Baysariit22s2iiR:d

What is ENA-TDR?

The ENA Option TDR is an application software embedded on the

ENA, which provides an one-box solution for high speed serial int
erconnect analysis.

Frequency Domain = 3 Breakthroughs

| for Signal Integrity Design and Verification
o *'“f'“r“wf N W
|

El:\

SRS

i

Simple and Intuitive Operation

Fast and Accurate Measurements

o
o 0

P
CEE

ESD Robustness

SD protection inside

KEYSIGHT

TECHNOLOGIES
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Baysayhta2saitsed

What is ENA-TDR?
Three Breakthroughs

[Simple & Intuitive )

TDR Setup Wizard

Step 4/4: Rise Time

4 steps !l <
. ' Setrise time of step s
020 ® @ \Q

Definition | 10-90% v/
‘ 4+ Differential 24
ESD Robustness DUT o

—_—1- 2

g._.l..u_ii---n----—l= 2-Port
Close ‘ < Back Finish

KEYSIGHT

TECHNOLOGIES
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Baysayhit22s2iifd

What is ENA-TDR?

Three Breakthroughs
Simple & Intuitive

DUT: 50 Ohm pattern

ENA Option TDR

ESD Robustness

s Wi e B |

KEYSIGHT

TECHNOLOGIES

_TDR. Osécill.o$c.op§es. _

'Aver;agin'gi--'-' A

$1 ohm/di lllllll $1 ohfn/di

Real 'Tl m e Analysis J

Page
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Baysayhit22s2iifd

What is ENA-TDR?
Three Breakthroughs

ESD Robustness
N

Simple & Intuitive

DUT type

CAUTION

A

STATIC SENSITIVE
CONNECTORS

USE ESD
PROTECTION

TDR oscilloscope is sensitive to ESD

KEYSIGHT

TECHNOLOGIES
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Baysaght22stited .
One-Box Solution

For High Speed Serial Interconnect Analysis

Time domain

KEYSIGHT

TECHNOLOGIES

4 E5071C Network Analyzer

%. om

0.0 |»2 2.63.18 HS (?32 99 mm) 94 837 U . »2 14 452606 GHZ -7 9649 dB
200.0 \ 30,00
180.0 20.00
0.0 TDR 10.00 | Return Loss
140.0 0.000H g
120.0 10,00 [t NN - D S g i
100.0 -20.00
80.00 -30.00 [fr T e e e e
60.00 : -40. 00 =
N - - «
400002 o soop 1n 125 2n 2.4K 3n 3.5 4n 3000 S Gso01om 8. 01105876155 4 10.9999990196
Tr3 Tdd2l wvolt 100.0mu/ rRef 200.0mu [F4 rd sdd2l Log mag 10.00de/ ref 0.000dB [_l—‘a]
Tr7 Tddl2 volt 100.0muU/ rRef 200.0mu [F4 r8 sddl2 Log mag 10.00dB/ ref 0.000dE [F4
700.0m 3553 hs E430.29 mmg 385,22 m0 30-00 5 5579746 GAz -6.1598708
£00.0m [>22.6118 ns (782.99 mm3y: 39380 mu 40.00 |>214.452606 GHz -12.516:d8
500. Om 282,84 ps (84;792 mm) 2 30.00 :
a0.om TOT - . ¥ 20.00 | |nsertion Loss
300. 0m 10.00
200. om ) 0. 000 M
100. Om -10. 00 W
0.000 -20.00
-100. om -30. 00
200, om _40.00

-1ln

0 s00p 1n 175n 2n 2.9h 3n 3,5n)j

o

19.580019M

8. 0119876155

L Start-1ns

IFBW 70 kHz

sreor (alv] [ sealv) (g | L ) e g v

Setup

Haorizontal

Wertical

Off
Max
 Paameters Gating
: Min
Tdet1 | Tddt2 | Tdcit
Toc21 - Tdc21 Rise Time (10-90%)
Todtl | Todl2 | Tocld Rise Time 20-80%)
Tod21 | Ted22 | Toc2t ATime

2010-01-27 (



Baysayit22s2teed

Time-Domain Reflectometry (TDR) -

Measurement Parameters

Time Domain

Characteristic Impedance

||||||||||

o TOR \IEtiy) el Wae ] Lsne °u'.':. M il 2‘.'.1» M
vertcal Paa~eten Trace Cortrnl

ale
Setre %5 <> A Y A e
TOR/TOT . © '\'. '. ‘ q’ '. Tad2!
: W W W W Todi1
Evo/Mosk SO BTN EEEDE EEREE

ercwrwwy—"wm—m 35T rrm*bwfa?"'i tm 9 We

. 'Return Loss e

20.000 -10. 00 M\ “

One Box Solution

Frequency Domain |

Insertion Loss ]

/ Y V \ \/\/’\1 -20. S

Trd Sdd22 Log Mag 10.00d8,) Re

Return Loss

Tdd12 Tdctt Tdci2 Measwre  Tome Domen v [Fewta v
Tdd22 Tde2! Tdc22 |Famst |mpedsnce ¥ [ Peeng
T2 Tectt Tec12 [Stimubis | Lowpass Seo v

Todk22 Teet Toc22 Rue Time 1050

KEYSIGHT

TECHNOLOGIES

Hold Svc 2013-08-28 18:10
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Baysaght22sf2iiied
Time-Domain Reflectometry (TDR) — One Box Solution

Measurement Parameters

X ES071C Network Analyzer

1 Active Ch/Trace 2 Response 3 Stimuluz 4 Mkr/Analysis 5 Instr State
Trl sdd2l, Input = 400mv 1.5Gbps

one: 380.8mv

Eye mask editor

Height: 317.9mv

amplitude: 369.1mv

C¥Psogram Fleddipler®E 50706 T

b
MASK_FLE_BET

Descrphon
- . T8 EPwmret
I
width: 660.4ps .
L = - : : = Automated eye diagra
Eve di | Virtual bit ' m measurement resul
ye diagram 1] B4 pattern generator ts i
¢ ! . | (oo J[ o= ] — T
§ { 4X2ps, &27wW) |
Setup Eye Control Bt Pattern Results - )
Type PRES v Amplitude Riise Time Def ?:,:': :::‘_1 =
TOR/TDT Draw Eye Mask Patter Length Gite) 2151 | Data Rate 1090% 3 :II:: RMS 2524!.'5 s
] .25 ps
Eye/Mask rise Tine [ETSIII Crossing % 49.90 %
= Opering Facl 0.8612
System Mask Tet 1090% | J|EetToCsV sq.am:s: 21.61 v

TECHNOLOGIES

KEYSIGHT
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Time-Domain Reflectometry (TDR)
Cable Compliance Test Solution

Provides MOI(Method Of Implementation) for Cable Compliance Test

- USB(2.0, 3.0, 3.1, Type-C)

- HDMI(1.4, 2.0, 2.1)

- SATA

- MIPI(D-PHY, M-PHY)

- Ethernet(100Base-TX, 10GBase-T)
- BroadR-Reach

- PCle

KEYSIGHT

TECHNOLOGIES Page 71



E6961A Automotive Ethernet Tx Compliance Solution

E6964A BroadR-Reach MDI S-parameter software (100Base-T1 compliant)

KEYSIGHT

TECHNOLOGIES
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Keysight restrictred

Overview of MDI S-parameter Test — E6964A

Target Specification Parameter Measurement Keysight
Equipment model

IEEE802.3bw MDI Test 96.8.2.1, 96.8.2.2

OABR Physical Layer Transceiver Spec. V3.2 MDI Test 8.2.2 Vector Network  ES5071C ENA
Analyzer Series

Open Alliance Automotive Ethernet ECU(TC8) OABR_PMA_TX_05,

OABR_PMA_TX_06

KEYSIGHT
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E6964A MDI S-parameter test
Typical test setup

As described in 100Base-T1 MDI transceiver tests.

Required Equipment
+ E5071C ENA Series Network Analyzer

» Option 480 or 485 (8.5 GHz) / 4D5 (14 GHz) / 4K5 (20 GHz) what is the min?
« ENA Firmware Revision B.13.30 or later

| Trarsmitter Under
Test
(ouT)

Accessories

* N5395C Ethernet Test Fixture for use with RJ45 connectors
(For custom connectors, the user needs to provide fixtures.)
« 2-port or 4-port ECal Module
*  N4431B, N4433A (for E5071C-480/485)
«  N4691B, 85093C (for E5071C-4D5/4K5)
» Coaxial Adapters and RF cables (2/ea.)

N53554 Ethernet Transmitter Test Fdure

RJ45 CATSe Lan Cable

KEYSIGHT
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E6964A MDI S-parameter test

Typlcal test result Any additional information to add here?
» < > "
What the ENA display shows
7~ fl
i 1= e ——
00 /\‘V/ /"Q// /// . L
s, ¢ e o o 6l
Return Loss Mode Conv.
Return Loss
i s:tfimz SR 90.00 — zoo'
\
FAIL
I o :-;
N
I \ | 1 | II1:I"|l I|I|"II W
I :||1 |II . 'II _——r ll?ll.l Il[ JI L
, l,.l 'II'"'|J| Il"u"'- M ||[||.|
|'| | | '

KEYSIGHT
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E6963A Automotive Ethernet Link Segment
Compliance Solution

KEYSIGHT

TECHNOLOGIES
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Overview of BroadR-Reach Link Segment Software— E6963A

BroadR Reach
Definition for
Communication
Channel ver 2.0

KEYSIGHT

TECHNOLOGIES

5.1.1 Cable Test

CIDM, IL, RL, LCL, LCTL

5.1.2 Connector Test

CIDM, Intra Pair Skew, IL, RL, LCL, LCTL
5.1.3 Whole Communication Channel Test
CIDM, IL, RL, LCL, LCTL

5.2.2 Connector Test for Alien Crosstalk
ANEXT, AFEXT, ANEXTDC, AFEXTDC

5.2.3 Whole Communication Channel Test (4 around 1)

PSANEXT, PSAACRF, ANEXTDC, AFEXTDC

Measurement Equipment | Keysight
model

4port Vector Network

Analyzer with opt TDR is ES071C
required. ENA Series
opt TDR

Both differential reflection and
transmission have to be
measured

P ——
‘ J !
> .r
| | A
e - - ee w

l

R

E% %% E%&

0

1/22/2018
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Ca@difable in Footer
Test Setup for Harness Connector Test

Ground plane min.2x1m
ECU Iniine e ISOlAtion
connector connectors

Catie o M f‘ N\ ﬁ connector suppurt
Port 1
L" i,
U U Alrmm
[ wd
&
Cabl
UN&??DR d L -\/ ,
ECU Inline )
o0 o | connector comecir \/ Ve
fest fidure i, 30mm 1

Compliant Test Configuration
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Cai@oisable in Footer —

1 Active Ch/Trace 2 Response 3 Stimulus 4 Mkr/Analysis 5 Instr State Resize
MU Tddll Impedance 10.00u/ Ref 100.0uU [F4 Zr] Trl 5dd21 Log Mag 2.000dB/ Ref Tr2 Sddll Log Mag 10.00de/ Ref
Tr3 Tdd22 Impedance 10.00u/ Ref 100.0u [F4 zr] Tr5 5dd12 Log Mag 2.000ds/ Ref Tré 5dd22 Log Mag 10.00ds/ Ref
130.0 4.000 20.00
o Delta Time (Tr3): -347.52 ps (-36.834 mm) Trl: Pass 2.000 I:‘% l;gg: 10.00 Tr2: Pass
o 0. 000 W 0.000p ]
A 110.0 f— A 2.000 \ 10.00 6
= | 2
"B er2omon (B VR ] Pl -<.000 -20.00 ||
100.0) A s 000 N -30.00
20.00 | — -8.000 \\ -40.00
Method of Implementation for BroadR-Reach(R) -10.00 \ -50.00
Definitions for Communication Channel Ver2.0 Nov 28,2014 80.00 -12.00 ~60.00
Main Page 70.00 ~i4.00 \ ~70.00
[—] -1n 39n  59n  79n  99n 119n 139n 159n 199n | -16.00 5 -80.00
w Tr2 T31 volt 200.0mu/ Ref 0.000U FA] Tr3 5dc2l Log Mag 10.00dB/ Ref Tr4 Sdcll Log Mag 10.00dB/ Ref
Tr4 T42 volt 200.0mu/ Ref 0.000U [F4 Tr7 Sdcl2 Log Mag 10.00dB/ Ref Tr8 Sdc22 Log Mag 10.00dB/ Ref
1.000 20.00 frr—rrrrer——pr—rT 20.00 (T
5.1 Basic Requirements for Standalone Gomm. GhanneKSCC) pelta Time (Trd): 5.7985 ps (1.2292 mm) . Tr3: pass Tr4: Pass
10.00 Tr7: Pass 10.00 Tr8: Pass
511 Gable Test 800.0m a
0.000 K hl |
5.12 Gonnector Test 600. Om -10.00
5.13 Whole Comm. Chanrel Tast -20.00
[ _ _ 400 Om “30.00 "
52 Additional Requirement for Standalone Comm. Channel -
200. 0m -40.00 N
522 Cornector Test E -50.00 u
5.2.3 Whole Comm. Chanrel Test 0. 000 bt Wl -60.00
| 7 20. 0C
! 200. Om | | -70.00 -70.00
Test Report Exit in 39n  59n 79n 99n 119n 139n 159n 199n § -80.00 -80.00
i |1 Start-1ns IFBW 10 kHz Stop 199 ns [E TOR [Ful] |l 2 Start 300 kHz IFBW 100 Hz Stop 1 GHz Sim. Cor
| Test Result Example — E5071C screenshot of limit test

Main Control Window B Produces Pass/Fail report
Open Alliance Definition for Communication Channel ver 2.0
(except Sdsxx test)

| 1 [5.1.1 Cable Test Report 11-Juk2017 17:34 \/ 511 Cable TeSt

2 [Time-domain Measurements Result

3 cou Characteristic impedance differental m Pass

e m— | v' 5.1.2 Connector Test

5 L:(Sg021) Insertion Loss (differential mode) Pass . .
o | muisen RotumLows Grocetaide) pun v" 5.1.3 Whole Communication Channel Test
7 RL:(S0d22) Return Loss (differential mode) Pass

| 8 | LCTL(Sdet2) Longtudinal Conversion Tr M 5 2 2 C bl

- N — v’ 5.2.2 Cable Test

10 | LeLsdett Longtudinal Co L P . .

] evse (ot oo v v 5.2.3 Whole Communication Channel Test

B Saving Test Data
\ v" Touch stone file
_ N— , v Csv file

L v' Screenshot
Test Report Example — Pass/Fail List
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Baysaght22stited

E6963A ordering information
BroadR-Reach Link Segment Solution (100Base-T1 compliant)

e Order Software

Option name Description

EG963A-1TP BroadR-Reach Link Segment Application transportable license

E6963A-1FP BroadR-Reach Link Segment Application fixed perpetual license

e Order Accessories

Option name Description

E6963A-APC Adapter, Straight APC (M)- APC(F) x 4
E6962A-SMA Cable , SMA(m) -SMA(m) x 4

e Order Hardware

Option name Description
E6963A-ENA E5071C ENA Vector Network Analyzer with option TDR, 440, 820 and 810

Note: it is optional to order the hardware through the E6963A however it is necessary to have this equipment to fully test compliance
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