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Agenda

« Automotive Ethernet overview

« Automotive Ethernet test requirement as per IEEE and Open Alliance
* New measurement requirement for Multigigabit Ethernet

» Test challenges to measure linearity, jitter measurements

« Demo of multigigabit Ethernet compliance

« System level test for automotive Ethernet

« Demo of protocol decode with non-intrusive approach of signal separation for
100BASE-T1
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Safety Green Energy Connected

/
7

Autonomous

Sensors, Display, Battery, Range, Cost, Wireless Standard,
Complex Architecture Power Electronics, Cloud, Connectivity

Fewer Resource, Tighter Timeline



Automotive Trends

Safety Green Energy Connected

/
7

Autonomous

Sensors, Display, Battery, Range, Cost, Wireless Standard,
Complex Architecture Power Electronics, Cloud, Connectivity

Fewer Resource, Tighter Timeline



@ Autonomous Car

« <300uSec At >

> < <10mSec

v
A

v

CPU AvER Steering

Sensor Fusion AN Brake

Safety MCU Accelerator

Event Recorder §§ |

ADAS Controller




°Architecture

Front Zone Door Zones Rear Zone

:'_‘L%

T

Automotive Ethernet Classical bus systems Direct load control

Funcn
[ Main Computer B Zone Computer [ | Legacy ECUs

{1 1
NN

Sensors & Actuators




In-Vehicle Network




IVN Requirement

What is IVN?

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

« CAN, CAN-FD, LIN, FlexRay, PSI5, CXPI etc.
IVN basic requirements:

 Reliable data transfer at Automotive harsh environment
like Noise and Temperature

- EMI/EMC
* Low weight, low cost, low power
New Requirements:

 Faster In-Vehicle Network standards for newer
applications

« Symmetric and Asymmetric communication
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Zone
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In-Vehicle Network Technologies

High Speed IVN (>10Mbps)

Symmetric IVN standards for ECU-to-ECU communication E
« 100BASE-T1, 1000BASE-T1 Q S LLTANGCE
« Multigigabit Ethernet (10G) IEEE
« 25G/50G Automotive Ethernet
Asymmetric IVN standards for Display/Camera
« Multigigabit Ethernet (Half-duplex version)
*  MIPI A-PHY (upto 16G ‘" ™
.+ ASA (upto 16(GF)) ) A;SA mipi*alliance cHDB..T
- HDBaseT
 FPD-Link, GMSL, GVIF, Apix
Low speed IVN (<10Mbps)
10BASE-T1S

CAN-XL
Others: CAN-FD, LIN, PSI5
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OPEN
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Q Tektronix is an active contributor in IEEE, Open Alliance, MIPI and ASA standard bodies




Automotive Ethernet Overview

Standards:

[e]

[e]

[¢]

[¢]

[¢]

[¢]

10BASE-T1S (802.3cg) — 10Mbps

100BASE-T1 (802.3bw) — 100Mbps

1000BASE-T1 (802.3bp) - 1000Mbps

Multigigabit Ethernet (802.3ch) — 10Gbps
25G/50G Automotive Ethernet (802.3cy*)
Multigigabit Optical Automotive Ethernet (802.3cz*)

Why Automotive Ethernet?

[¢]

[¢]

o

Derived from proven Ethernet standards
Offers Common Architecture with multiple speed option

Cost: Unshielded cable, Full-duplex cable reduces cost by 80%
and cable weight up to 30%

What is the difference between Ethernet and Auto Ethernet?

o

o

o

Single pair of cable
Full-Duplex communication
PAM3/4 modulation

Legacy

L, Bean BCANE & |
Stack ”

Ethernet

PHY  10BASE-T1S | 100BASE-T1 | 1000BASE-T1 | NGAUTO |

oSl Automotive Ethernet

7 Application Applications (HTTP, FTP,
6 Presentation il

5 Session

4 Transport TCP

3 Network IP

2 Data Link Network Access

1 Physical 10/100/1000/NGBASE-T1

* Under development

10



Automotive Ethernet- 10Mbps to 10Gbps

Datarate
Symbol rate
Line coding
Voltage

Communication

Configuration

Cable length
Cable Type

10Mbps
12.5MHz
4B/5B, DME
1Vpp

Half Duplex

Point to Point
Multidrop

15m/25m

24-26 AWG
40ns

100Mbps
66.66MHz
PAM3
2.2Vpp

Full Duplex

Point to Point

15m

Unshielded twisted pair
15ns

1Gbps
750MHz
PAM3
1.3Vpp

Full Duplex

Point to Point

15m

Unshielded twisted pair
1.33ns

Signal Separation PAM3 Analyss

2.5/5/10Gbps
1.4/2.8/5.6 GHz
PAM4

1.3Vpp

Full Duplex

Point to Point

15m

Shielded twisted pair
0.714/0.357/0.179ns




Automotive Ethernet Test Requirements




PHY layer test Requirement

« PMA Compliance Test as per IEEE/Open Alliance

« System Level Noise Test

 Protocol Timing Measurement

14



Automotive Ethernet Compliance

PHY and Protocol PHY and Protocol PHY and Protocol
|IEEE 802.3bw |IEEE 802.3bp IEEE 802.3cg

& IEEE

Open Alliance TC1 Open Alliance TC12 [l Open Alliance: TC14
In Progress

OPEN
_—, TN, T
ALLIANCE

PHY and Protocol
IEEE 802.3ch

Open Alliance: TC15
In Progress

TC8 ECU Specification

15



e Transmitter |\ § 100 Ohm
Automotive Ethernet PMA Test Specification L A

High Impedance O
Differential Prx D'gltal

Oscilloscope/

Data Acq.
Subtest

Transmitter Output Droop 1) Positive Droop

2) Negative Droop
Transmitter Distortion

Transmitter Linearity

Transmitter Timing Jitter in 1) RMS/p2p MASTER Tx CLK
Master/Slave Mode 2) RMS/p2p SLAVE Tx CLK
Transmitter MDI Jitter

Tx MDI Random Jitter (Master) 1) RMS/p2p MDI Jitter

Tx MDI Deterministic Jitter (Master) 1) pk-pk DJ 2) pk-pk EOJ
Transmitter Power Spectral Density PSD, Power Level

Transmit Clock Frequency

Transmitter Peak differential output
MDI return Loss

LK KKK
LKL KK ﬁ

MDI Mode conversion
Common Mode emission

@ :

KK KX
LK KK




Compliance Test Workbench
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TekExpress

Automated
Compliance Test

T

DPO70K DX/SX, MSO 6B series

e ® L

Anritsu VNA

BT !
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Multigigabit Ethernet Compliance Test




MultiGBASE-T1 PMA Test Specification

Transmitter
Under Test

N\

N\

e § 100 Ohm

<
High Impedance
Differential Probe

)

Digital
Oscilloscope/
Data Acq.

Subtest Spec ID Mode Type

Transmitter output Droop 1) positive droop
2) negative droop

Transmitter Linearity
Transmitter Timing Jitter in Master/Slave 1) RMS/p2p MASTER Tx CLK
Mode 2) RMS/p2p SLAVE Tx CLK
Tx MDI Random Jitter (Master) 1) RMS/p2p MDI Jitter
Tx MDI Deterministic Jitter (Master) 1) pk-pk DJ

2)pk-pk EOJ
Transmitter Power Spectral Density (PSD) PSD

Power Level

Transmit Clock Frequency

Transmitter Peak differential output

MDI return Loss

149.5.2.1

149.5.2.2
149.5.2.3

149.5.2.3.1
149.5.2.3.2

149.5.2.4

149.5.2.6
149.5.2.5

149.8.2.1

Slave

Square

PAM4
Clock

Square

JPO3A

JPO3B
PAM4

Clock
PAM4

20




Test Mode: Detalls

TestMode SignalType Signal Rate

43.9453125 MHz

TM6 TWO LEVEL
1.40625 GHz (2.5GBASE-T1)
2.8125 GHz(5GBASE-T1)

TM4 PAMA4 5.625 GHz(10GBASE-T1)
175.78125 MHz

TM1 DUT TX TCLK 175 line

TM2- Square Wave

CLK

175.78125 MHz

TM2 - JPO3A(DJ)
TM2 - JPO3B(EOJ)

PAM4 - 2 symbols

1.40625 GHz (2.5GBASE-T1)
2.8125 GHz(5GBASE-T1)
5.625 GHz(10GBASE-T1)

TM5

PAMA4

1.40625 GHz (2.5GBASE-T1)
2.8125 GHz(5GBASE-T1)

5.625 GHz(10GBASE-T1)

Amp, mV/

Amp, mV/

mV

Amp,

Amp,

Amp, mV

tima ns

time, ns

time. ns

80
60

T™M4

TX_TCLK_175

TM2 -JP0O3B

21



Transmitter Timing Jitter

Digital Scope /

« DUT set to Test Mode#1 and measure at DUT CLK Copturne Deves
line TX_TCLK_].?S TXTCLKWT

o 175.78125 MHz

Link Partner DUT

« Spec recommends 200MHz Band Pass Filtering

Pl Acquired Band Pass Jitter

Signal Filter Measurement

275MHz

Details/Sub tests Low | High | Unit |
1) RMS MASTER Tx CLK NA 4 ps
2) p2p MASTER Tx CLK NA 40 ps

2.5GBASE-T1
3) RMS SLAVE Tx CLK NA 8 ps
4) p2p SLAVE Tx CLK NA 80 ps
1) RMS MASTER Tx CLK NA 2 ps

Transmitter timing jitter 5GBASE-T1 2) p2p MASTER Tx CLK NA 20 ps

3) RMS SLAVE Tx CLK NA 4 ps -———________ .
4) p2p SLAVE Tx CLK NA 40 ps 200
1) RMS MASTER Tx CLK NA 1 ps MHz
2) p2p MASTER Tx CLK NA 10 ps

10GBASE-T1
3) RMS SLAVE Tx CLK NA 2 ps
4) p2p SLAVE Tx CLK NA 20 ps

@ :



MDI Random Jitter

 DUT set to Test Mode#2 - Square Wave

* Test at MDI

« Spec recommends 200MHz Band Pass Filtering

MD! Acquired
Signal

2.5GBASE-T1

Transmit MDI random jitter in master moqd

5GBASE-T1

10GBASE-T1

Band
Pass
Filter

Jitter

Measurement

NA
NA
NA
NA
NA
NA

4 ps
40 ps
2 ps
20 ps
1 ps
10 ps

23




MDI Deterministic Jitter

* Transmitter MDI deterministic Jitter:
o Test mode 2 with JPO3A and JP0O3B pattern, Master

mode
o Dj: JPO3A pattern: 9/S ps (pk-pk)
- JPO3B pattern: Even odd jitter: 4/S ps (pk-pk) T aw e

™ 0s 876 acqs RL:500.0
Mz | Man  April 23, 2020

o Measurement to be performed with a population of

Value Mean Min Max StDev  Count Info

>= lO/\7 Sym bol S e [1AMGH: [LADGOTOGG 101G [1A19G [osioM [esto |
m .0 :

X [3255mV {3297

o For 2.5GBASE-T1, this translates to 7.111 ms — -
JPO3A 56 JPO3B_5G

o Sample rate of 12.5Gsps, implies a waveform record of

~88 M samples
> SGBASE-T1 1) DJ pk-pk MNLA 36 ps
2) EOJ pk-pk MNLA 16 ps
Transmit MDI deterministic jitter in 1) DJ pk-pk MNLA 18 ps
master mode 2) EOJ pk-pk MNLA 8 ps
10GBASE-T1 1) DJ pk-pk MNLA 9 ps
2) EOJ pk-pk MNLA A4 ps

@ 24



Transmitter Linearity

0.3

PAM4 Wfm

0.1

3000

. | |T
g O 1
 Linear fit pulse response p(k) and linear fit error e(k) 1 u
o,Standard deviation of e(k) o '
Prmax Maximum value of p(k) ozf | M
0,,RMS deviation from the mean voltage
-0.3 ; ; ; ; ;
« SNDR is computed as defined below et
— Phax
° SNDR = 10L0g10 (0-62.}. 0—%) Average Width Trigger Settings
1 . F'gsi.tive Width . Ne_ga.tive‘.l'u'ldth
- Spec allows to average multiple waveform captures to remove instrument noise lR“”“'}Le”gm ) |L°“’L'T't . |H'9"L;_”;” .
Sample Rate Trigger Level
50 Y| gss | 165 my
Details/Sub tests Low High Unit
2.5GBASE-T1 38 NA dB
Transmitter linearity 5GBASE-T1 36 NA dB
10GBASE-T1 35 NA dB

25



Power Spectral Density

» Power Spectral Density 500
o Configure Test Mode 5 m ﬂ F
o Random sequence of PAM4 codes
o Power level -1dBm to 2dBm

-80
0 1000 2000 3000 4000 5000 6000

Amp, mV
o
£

—2p5G Upper

I

—5G Upper -500

-85

1 1 1
-90 0 10 20 30 40 50 60

5G Lower time, ns

—10G Upper
-95

PSD(dBm\Hz)

—10 Lower

-100

-105

-110

Frequency(MHz)
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MultiGBASE-T1 — TekExpress Workflow

DUT Configuration — Test Selection —Measurement Configuration

Austonnodive Etharmed MultiGBase-T1 Spacifications

- [w] Tesi Mode 1 - Master
Triﬂirl"lﬂBrTmI'lﬂ - Wastar S [ Test Mode 1 - Master
Transmitter Clock Frequency i A - Transmitter Timing Jitter - Master Jitter
=) TogiMode 1 - Slave & Transmitter Clock Frequency
Transmitier Tirming Jitbir - Stive Jiles £ TestMode 1 - Slave

- Transmiter Timing Jitter - Slave Jitter
&[] Tost Mode 3 ‘ ?

£ TestMode 2
namitler Random sfier WD Masies Mode .~ Transmitter Random Jitter MDI Master Mode

ransmit Delerminishc Jiar MO Masiar Mode & Transmit Deterministic Jitter MDI Master Mode
. Transmet Ever-(idd Jier MEH Master Mode L Report i T;P;:;:::“EEVE“'UWR‘E’MD‘ Master Mode

&[] TosiMode 4 :

Trandmetiir Lingaily 25GBase-T1 | V|
&[] TestMode 5

Transmatier Powes Speckal Dersity nd Poser Leval
=[] TestMode &

Waxirmum Sulpul Dronp
N o
Tet1 Descrigtion Either test is not selected or
mg;ﬁ::mﬂrmx g'ﬁ;::';ﬂu there are no configurations

reference, while the DUT is setio TesModer2
wilh & Equare pamem

@ :



_VgTekExpressAmn-olive E [+ | @ oo

Automotive Ethernet 1000BASE-T1 Specifications
— Transmit Clock Frequency and MDI Jitter
uitigiganl ernet compiliance
isitie Transmitter Timing Jitter - MDI Jitter
Result Transmitter Timing Jitter
Transmitter Timing Jitter - Master Jitter
Transmitter Timing Jitter - Slave Jitter
Transmitter Qutput Droop
Transmitter Power Spectral Density
Transmitter Peak Differential Output
D Transmitter Distortion
[] Return Loss

CUTID DLITm r ]

= Apquire lve wasdorms Use pre-recorded warstonm dles

Test Description

To verify the transmitter differential signal’s
peakto peak amplitude value is within the
conformance limit. It should be less than 1.20

Volts peak-to-peak.
Sufte  MunliBaseT!

1000Base-Ti

Wersid 1008a50-T1 EE PAO2 Ach™Da.0
Cstal MuliGEEse-T1 —

e Single Ul fqr All Vvariants 100/1000BASE-T1
| BGDase Tt of Automotive Ethernet

I 10GHse-T1

Frobing Trpe
= Difigrenial

J Automative Ethamst MytiGBa38.T1 Spacifications

[s] Test mode 1 - Master
[5] Trans mitter Tiening Jater - Mastar Stgr
[=] Transmetier Clock Frequency
=i [z] Tost Mode 1 - Slave
[s] Transmitter Timing Jiter - Stave Stier
&[] TosiMode
| ] Trans metter Randam Jtier MO Magtes Mode
[5] Trans et Daterministe Jmar MD! Wastar Woda
[=] Transmit Even-Odd Jiter MO Master Made
=[] Tost Mode 4
[=] Transmetter Lineariy
c+[] TosiMode s
[z] Transmitier Povees Spactral Dersity and Power Lavel
c+[] Tosi Mode &
[=] Maitnum Qutpul Droap

SMA Cable or Probe Support e

MASTER trvung mods relative [0 a unjitiered
refenince, while he DUT ig setio TesModerd
Wilh & SGURTS AR

MultiGigBase-T1

30



Test Selection

Automotive Ethernet MultiGBase-T1 Specifications

& [v] Test Mode 1 - Master "

Transmitter Timing Jitter - Master Jitter

i3 Tog Mode:§ - Siaie - Test tree as per Test mode
Transmitter Timing Jitter - Slave Jitter

&[] TestMode 2 - User can run multiple test within test tree

Transmitter Random Jitter MDI Master Mode without any interru pt| on
Transmit Deterministic Jitter MDI Master Mode.

(] Transmit Even-Odd Jiter MDI Master Mode - Test description, schematic guides user to avoid

Transmitter Clock Frequency any error
& {v] TestMode 4
Transmitter Linearity

& [~] TestMode 5
Transmitter Power Spectral Density and Power Level
Transmitter Peak Differential Output

&-[v] TestMode 6

I .l Blamidmmiromn MNubns b Nem me

Test Description

Transmitter timing jitter is measured by
capturing the TX_TCLK_175 waveform in
MASTER configuration, while the DUT is setto
TestMode#1.

31



Test Configuration

 compliance Mode |« User Defined Mode

Global Settings | Measurements Calibration

est Mode 1 - Master
Transmitter Timing Jitter - b aster Jitker

‘e Transmitter Clack, Frequency

= Test Mode 1 - Slave

L Transmitter Timing Jitter - Slave Jitter

- Test Mods 2

Transmitter Random Jitter MDI M aster Mode
- Transmit D eterrninistic Jitter MDI Master Mode.

b
- Transmit Ever-Odd Jitter MDI Master Mode i - Global Settings | Measurements Calibration
= Tezt Made 4 4 m_—

(= Test Mode 2
Transmitter Random Jtter MDI Master Mode

25GBase-T1 | ¥ |

Either test is
there are no ¢

e

5GBase-T1 1.

Acquire FA Apply Band-pass Fitter
’ smetFilters\MultiGBase-T1\Titter_200MHzBPM é

I

Analyze

STy

Completed.

Global Parameter
« Sample Rate
 Record Length
* Number of Averages
Power Spectral Density
* Resolution BW
« Start and Stop
Frequency
* Number of Spectral
Averages
Jitter Measurement
« User defined Filter

32



Multirun, User Defined Acquisition Mode

o Multirun:
o Allows for automated sequential
run-throughs of selected tests

o Test results from each iteration
saved and documented in the
generated report

o UDA gives full control of the
oscilloscope acquisition settings to
the user

o WIill skip the default setup and
autoset part of the test process

o User can set Horizontal and
Vertical scale

@ Preferences

T

INumber of Runs
Acquire/Analyze P times

Save dataforiniial P setof ALL ¥ ltrials
Actions on Test Measurement Failure

[ On Test Failure, stop and notify me of the failure @

Logging Options
|/ Enable Logging

r- Hide schematic popup while running the test (for single test selection only)

I— Manually configure Oscilloscope parameters

33



TekExpress Workflow - Results

lekExpiess Automotne Ethernet

Telitronix

| oo [T
o8- i e EXEE]
(=) | oot i ot

* Documents > My TekExpress > Automotive Ethemet > 1000 BaseT1 PSD > DUT001 >

me Date modified Type ‘ Size

] PeakDist_vs_PhaseOffset.csv 5/16/2018 5:55 PM  CSV File
] ! ] To_Rep_15mV.csv 5/16/2018 5:55PM  CSV File 1KB
= I:::r::::mn :mdi?;' 0 Fail T )| Transmit Clock Frequency_Histogram.csv ~ 5/16/2018 5:54PM  CSV File 1K8
L HE -
il ] Transmit Clock Frequency_PlotData.csv 5/16/2018 5:54 PM  CSV File 6 KB
i Tearariter Tising W S Qs : p it
Jar - Wanler e Pl PE_1 50 ] Transmitter Output Droop_Histogram.csv ~ 5/16/2018 5:55PM  CSV File T
-] :::mr e :::'.‘ﬂl.‘i bl = T3] j Transmitter Output Droop_PlotData.csv 5/16/2018 5:55 PM  CSV File 18 KB
. - ] Transmitter Power Spectral Density_PlotD... 5/16/2018 5:55 PM  CSVFile 169 KB
Bl T Tising  Blabdme : - : [7) Transmitter Timing Jitter - Master Jitter H.. 5/16/2018554PM  CSV File K8
e - T [ -
[ i d i D Transmitter Timing Jitter - Master Jitter_Pl.. 5/16/20185:54PM  CSV File
Tearririler Tissing Slivws Flwr P Bereias o g o S e o % : S4PM CSV File
A JESer - Blyve JEEr FRPE_15G L leht“m'. i et b B e Vel i e D Transmitter Timing Jitter - MDI Jitter_Hist.. 5/16/2018 5:5

Bl armrtter Randam | WO wastee e [ Transmitter Timing Jitter - MD! Jitter Plot.. 5/16/20185:54 M _ CSV File

& Jiar MO M Wode  Rantom dier i@ Pais 5/16/2018 555 PM  CSV File

i iming Jitter - itter_His...
Pug_140 1) Transmitter Timing Jitter - Slave Jl_ 5/16/20185:55PM  CSV File
. 4 F [ [ TSSO P Wil s | g Lt [r=" [rre—— (=} % v oieear Timina litter - Slave Jitter_Plo.. 5

il
Teans rvmer Piran Pk Al
[eFerarial Dt raal [ g bnmbassis 1 Lo iy
B Dt 258 B e ipmnry % 1k i Sy AR |
b in or—ar 'irn

- N O O O N | CSV file
At-a-Glance Results I P e P P PR

[
e ukeas rarw B0 s 104 18
7 Mol T-1

] Endpas s 8 dana o Haii bk . gl

S ... Detalls of Each Measurement
Generated Results Report

(7 34




Automotive Ethernet-Noise Test and Protqcof Tlmlng
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Automotive Ethernet Eye Diagram

« Why do we need eye diagram test?

> Any High speed SERDES Signal quality is determined by Eye diagram.
In case of Automotive, even for CAN-FD standards, customer perform

Eye diagram to validate noise performance.

o Automotive Ethernet: customer would like to performance of link test in

the presence of Noise (Signal Quality test). Eye diagram provides them

insight of Link.

* Full duplex signals: signals overlay, meaning that connecting high
impedance voltage probes yields no useful information.

e Current available solution:

« Cut the cable and disturb the system

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

* Insertion loss, Reflection, Mode conversion loss

Full Duplex PHY VO

A .w:m,w LA M

@

e N
100BaseT1 | o Directional | , 18?2\,5?851
Master ECU Coupler
N




Tektronix Award Winning Signal Separation Solution

- Separates Transmitter and Receiver signals [lithott 7
i \@LEAP
\ /AVUARDS
- NeRfIntriSVEImethod of Signal Separation: No cable 5 =

cutting, no ECU loading

» Uses Voltage and Current probes

 Live Eye diagram and Protocol decode =
« Added user defined Filter and Equalizer support for ’? § fhf f C_M _-' EE
100BASE-T1 and 1000BASE-T1. | o
Current probe

 Patent pending, award winninq

* Solution available for 100BASE-T1 and 1000BASE-T1

Master (ECU) +Slave (ECU)
R—

« Added CTLE equalizer support

Twisted wire



See the Real Signal with Tektronix

File Edit Applications Utility
Waveform View

Help

Tektronix
Add New...

ursors Note

Measure  Search

Results | | pyot

Full-Duplex Signal
Without Signal Separation

PAMS3 signal

After softw

Ref 5

Horizontal Trigger Acquisition Stopped
450 mvidiv | 5 mAddiv 270.785 . 332125 .. ) _ A0 psidiv 400 ps (1) .~ 36my Manual,  Analyze
50Q 1MQ DS 3.125 GSH 3125 GS/s ' : > 0 0| SR: 3.125 GS/s 320 ps/pt Sarmple: 12 bits 09 May 2019
1.5GHz S f 120 MHz B EAST _NO... | WEST N RL: 1.25 Mpts 50% 723 Acgs 241:51 AM

38



Protocol Decode

- Lets you assess protocol- “
level functionality (with T o

File Edit Applications Utility Help

Bus Decode Results Add New...

PR CTONE =N ER N Bus 3 (Auto Ethemet) Cursors| | Note

817842E7357FF1B5628D 48D
BD61BAEOD OD OASFBE4B 4897 E

0 1 0

Waveform View v Bus 2 (AutoEth...

Bus: Auto Ethernet
MAC Address Search: Bus

timestamps, packet types, L ... |- S

and logging errors)

XKXX XXXX XXXX XXXX XXXX XX

Binary Hex .
XO0C XK XXX XX XXX XXX XXKX XXXXXX XX XX [
XXXX XXKX XXXX XXXX XXXX XX

Au%to Ethernet
182, ;IPD:E4h IPD:95h IPD:F2h ~ IPD:13h A6h 8Dh IPD:8Eh EDh IPD

-o-tthernat ; - \ \ \ opy Trigger opy Searc
FUIEDUPIEXSecph ™ 1cpc:asah - TcPuP-1658h - 81h -( 78h - 42h - E
PrOtOCOI P s :]-. 13.5 s 13.6 us 13.7 us 13.8 us 13.9 s 14 s 14.1 s 14.2 s Q
DeCOde 1 Ref 2 Horizontal Trigger Acquisition

125 mividiv | 125 mividiv | AutoEthe... | Auto Ethe.. . ) - | S o 100 ps yanil Auto, Analyze
2G5 2G5f A CIN | I | A e RN SR 625656 160psit Sample: 8 Lits
AUTO-ET... | AUTO-ET.. RL: 625 kpts ¥ 20% 8681 kAcgs

Stopped

https://www.tek.com/video/automotive-ethernet-pam3-and-signal-separation-introduction 39



https://www.tek.com/video/automotive-ethernet-pam3-and-signal-separation-introduction

Tektronix Value proposition

* Industry’s first Compliance Application

o Cover all Automotive Ethernet variants compliance application
(10BASE-T1S, 100/1000BASE-T1, MultiGBASE-T1)

allikilald

« Working with major silicon companies on Multigigabit Ethernet

\probe
 Solution beyond compliance: patented Signal separation /)) -
technique for System level signal integrity test, PAM4 Analysis,
DPOJET

 Tektronix is leading key standard bodies like IEEE, Open
Alliance, MIPI and ASA



http://news.tektronix.com/2021-02-03-Tektronix-launches-industrys-first-IEEE-802-3ch-multi-gigabit-Ethernet-compliance-test-solution
https://www.tek.com/video/automotive-ethernet-pam3-and-signal-separation-introduction

Automotive Ethernet Solution (DPO70K SX/DX)

Oscilloscope: DPO70K SX/DX

o 1 GHz minimum bandwidth (L00BASET1)

o 2 GHz Minimum bandwidth (1000BASET1)

o 13 GHz Minimum bandwidth (MultiGBase-T1)

Tektronix >

Compliance Software:
o BRR: 1000BASE-T1/100BASE-T1 compliance
o AUTOEN10G: Multigigabit Ethernet compliance

Debug: PAM4: PAM4 Signal Analysis

Protocol Decode: SR-AUTOETH1: 100BASE-T1 Protocol decode

Probe:

o TDP1500- 10BASE-T1S/100BASET1
o TDP3500 - 1000BASE-T1

o P77xx- MultiGBase-T1 (Optional)

SN

Signal source: AFG310000 series (for 100/1000BASE-T1 Distortion test)

Fixtures: 100/1000BASE-T1: TF-XGbT Ethernet test board, TF-BRR-CFD Clock divider
DCDP MTD 309506: Directional Coupler for Protocol decode*
MultiGBASE-T1 : PCB S3401 SB 396373 Rosenberger H-MTD to SMA*
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Automotive Ethernet solution (5/6B MSO series)

Oscilloscope: 5/6B series MSO

o 350MHz min bandwidth for 10BASE-T1S

o 1 GHz min bandwidth for 100BASET1

o 2 GHz Min bandwidth for 1000BASET1

o 4GHz for 2.5GBASE-T1 and 6 GHz for 5GBASE-T1

Compliance Software:

o CMAUTOEN10: 10BASE-T1S Compliance

o CMAUTOEN: 1000BASE-T1/100BASE-T1 compliance
o CMAUTOEN210G: Multigigabit Ethernet compliance

Debug: PAM3: PAM3 Signal Analysis with Signal Separation

Protocol Decode: SR-AUTOEN1: 100BASE-T1 Protocol decode

Probe:
TDP1500- 10BASE-T1S/100BASET1
TDP3500 - 1000BASE-T1

Signal source: AFG310000 series (for 100/1000BASE-T1 Distortion test)

Fixtures: 100/1000BASE-T1: TF-XGbT Ethernet test board, TF-BRR-CFD Clock divider
DCDP MTD 309506: Directional Coupler for Protocol decode*
MultiGBASE-T1 : PCB S3401 SB 396373 Rosenberger H-MTD to SMA*
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Automotive IVN References

* Automotive Ethernet: https://www.tek.com/automotive/automotive-ethernet

+ Compliance Datasheet:

o

o

10BASE-T1S: https://www.tek.com/datasheet/10basetls-automotive-ethernet-compliance-test-solution-option-5cmautoenl10-and-

6cmautoenl0-datasheet
100/1000BASE-T1: https://www.tek.com/datasheet/automotive-ethernet-test-solution

* Videos:

o

o

o

o

Compliance Test: https://www.tek.com/product-demo/demonstration-of-automated-automotive-ethernet-compliance-test-system

Signal Integrity Test: https://www.tek.com/video/automotive-ethernet-pam3-and-signal-separation-introduction

CAN Bus decode: https://www.tek.com/how-to/can-bus-decode-and-trigger-on-the-5-series-mso

SENT Bus decode: https://www.tek.com/product-demo/sent-bus-decode-and-trigger-on-5-series-mso

» Application Note:

o

IVN standards: https://www.tek.com/document/primer/ensuring-performance-and-conformance-vehicle-networks-new-generation-
automobiles

Automotive Ethernet: https://www.tek.com/document/application-note/automotive-ethernet-see-true-signal

CAN/LIN/FlexRay: https://www.tek.com/document/application-note/debugging-can-lin-and-flexray-automotive-buses-oscilloscope

SENT Bus: https://www.tek.com/document/application-note/debugging-sent-automotive-buses-oscilloscope
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Tektronix Automotive Solution

* |VN Solution

( 'A-EAARPUS Award winning signal separation software simplifies
winner Automotive Ethernet testing

o 10Mbps to 10Gbps, complete solution for Automotive Ethernet PMA Transmitter compliance.

| DEEEEE

o Transmitter validation solution for proprietary LVDS standards like FPD-Link, GVIF etc.

10

3

o System Level Performance Test: Noise test, Cable performance is possible only with Award winning

Non-Intrusive Signal separation technique

 Automotive Radar:
o Multichannel Analysis
o Down-convertor with in-built Local oscillator

o Automotive Radar simulation and interference test

« Automotive Power:

o 1 Box solution for Motor Drive Analysis

llii@@@@ -

o WBG Device test with unique IsoVue probe, AFG Double pulse generation
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