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BEITAR
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DUTID (DUTOO0!

®

[ Acquire live waveforms

[+ Use pre-recorded waveform files

Sulte 10Base-T1S v

|1000Base-T1

100Base-T1

Transt 10Base-T1S

P802 3cg™/D

| |}

Return Loss Measurement preferences

(+) Oscilloscope

{_ VNA Report

VNAReport When selected, upload a return loss result file (s 1p/s2p generated

using a Vector Network Analyser) in the Configuration tab. For detailed procedure,
Automotive Ethernet Return Loss Measurement-VNA MOI

referto

B IAARE(S
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BroadR-Reach

™
IEEE P802.3bw™/D3.3 Physical Media Attachment

HEH H Ethernet ® PMA #E& 4 KE
Draft Standard for Ethernet < |EEE . TestSute

PHY Media Attachment @& 4 ES el et ||~ S

Operation over a Single Balanced Twisted _—e— —— —

+ PHY SUROE-FRAIE, PHYORY 1424
« bIVY-I\0 PHY EXABRBIUTOEBZET
° HE'ijtmjj ~IV=T
o HAIVYT-IvY (NRY/AL-T)
> MDI 'I:l:l'j]:)‘\y g Transmitter &«
E 3} Under Test \\ 2 1R0:0hm
@,

A\

ransmitter Output Droop
Transmitter Power Spectral Density Te"rronlx
-[w] Transmitter Peak Differential Output
~{_] Transmitter Distortion

TekExpress Automotive—Ethernet 1000Base—

Transmitter Test Report

ol N AN
o /\' ] — Z/\{Il\j !:M\ High Impedance N Sz :
(W] Differential Probe ¥ Dlglta| || Retun Loss ouTio ouToot TekExpress Automotive-Ethernet__| 10.1.1.47
K Suite Name 1000Base-T1 FrameWork Version | 43040 Rev-i
L Oscilloscope/ - i e
Pre-Recorded Mode Tre
o 70w ’%l ;}SJZ%’;& Data Acq. e
Ove rall Test Res ult Pass
DUT COMMENT: [ General Comment — Automotive Ethernet DUT
(o] LY I Table
o |: f ’#Eﬂ '! | ! jj Test Description | Transmiteer Qutout Drooa Pass
Am To verify the transmitter differential signal's | Fressm: ‘ —— : -
’ S Details] Measured Value | Unit Testesult Vamin Cow Limit High Limit
peak to peak a_mplnude value is withinthe |55 Geu ool oo . . e oes . 1o 000
conformance limit. It should be less than 1.3|2
| ~ e i Gnaa ome [ = = =
(@] — / o COMMENTS | Number of Positive Droops:98, Number of Negative Droops:93
fack 1o Sumra  Tab

| Transmitter Qutput Droop
Positive Droop

Transmitter Output Droop(Positive)

o MDI E-Fk-IYN\-Y3>-02 =
WISATYR-FARYTRITT
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100BASE-T1 compliance

100BASE-T1 Electrical Measurement

loss (Sdc11)

Measurement Test Mode| Pin Test Pattern Spec Instrument
Tx Droop 1 Bl_DA [Transmit fifteen {+1} symbols followed by fifteen {1} =RAID E’—Oﬁ\ ) Scope
Measurement symbols continually 500ns & D Drooph® 45%K it
Tx Distortion 4 Bl_DA [Transmit the sequence of symbols generated by the <15mV Scope+ AWG
Measurement scrambler generator polynomial per Equation (97-12)
when in test mode 4, 40us long
Clock Jitter (Master) 2 Bl_DAFrequency reduced version of Transmit symbol clock Scope
RMS Jitter <50ps (Master)
Clock Jitter (Slave) 3 Bl_DA |Frequency reduced version of Transmit symbol clock Scope
RMS Jitter <150ps (Slave)

Tx Power spectral 5 BI_DA|Sequence of -1, 0, +1 Scope
Density (PSD) Freq PSD Upper PSD Lower

@1MHz -63.3dBm/Hz | -70.9dBm/Hz

@20MHz -64.8 dBm/Hz | -75.8dBm/Hz

@40MHz -68.5dBm/Hz -89.2dBm/Hz

57MHz -200MHz| -76.5dBm/Hz
Tx Peak Diff output 5 Bl_DA <2.2Vpp Scope
Tx Clock Frequency 2 Bl_DA+1, -1 Clock sequence 66.66 MHz + 100ppm Scope
MDI
MDI Return Loss (S11) Bl_DA Rx mode (Slave) below -20dB (1-30MHz) Scope
20 - 20log10(f/30) dB (30-66MHz) +AWG/VNA

MDI Mode Conversion Bl_DA Rx mode (Slave) = T [ =5 ] VNA

0 17 SEPTEMBER 2020
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1000BASE-T1 compliance

1000BASE- T1 Electrical Measurement

(Sdc11)

83dB—11.51 log(f)dB (80MHz-600MHz)

Measurement Test Pin Test Pattern Spec Instrument
Mode

Tx Droop Measurement 6 BI_DA [Transmit fifteen {+1} symbols followed by fifteen [ £ 0 = Y O X - Twv I banstRZFHEIZ, £0 - 0O [Scope

{—1} symbols continually R = I Ih516nsEDDroophi10% ki
Tx Distortion 4 Bl_DA [Transmit the sequence of symbols generated by <15mV Scope+ AWG
Measurement the scrambler generator polynomial when in test

mode 4, 40us long
Tx_TCLK125 Jitter 1 Bl_DA [Frequency reduced version of Transmit symbol <5ps RMS, <50ps pp Scope

(Master) cloclk
Tx_TCLK125 Jitter 1 Bl_DA |Frequency reduced version of Transmit symbol <10ps RMS, <100ps pp Scope
(Slave) clock

MDI_output_litter 2 BlI_DA [Transmit three {+1} symbols followed by three {- <5ps RMS, <50ps pp Scope

1} symbols continually
Tx PSD 5 BI_DA [Sequence of-1,0, +1 Freq PSD Upper PSD Lower |Scope

0 to 100MHz -80 dBm/Hz -86 dBm/Hz
100 to 400MHz -76-f/25 dBm/Hz -82-f/25 dBm/Hz
400 to 600MHz | -85.6-f/62.5 dBm/Hz
Tx Peak Diff output 5 BlI_DA |Sequence of -1, 0, +1 <1.3Vpp Scope
Tx Clock Frequency 2 BI_DA [+1, -1 Clock sequence 750MHz +- 100ppm Scope
MDI
MDI Return Loss (S11) Bl_DA |Rx mode (Slave) below 44dB  (1-75MHz), Scope +
26-20log(f/600)dB  (75-600MHz) AWG/VNA

MDI Mode Conversion loss BI_DA |Rx mode (Slave) Below 61dB (10MHz-80MH2z) , VNA

0 17 SEPTEMBER 2020
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5/6-CMAUTOEN [C&BBIEDHRN
TP T XAyt—I(C KB F

« EHDAITFIEBZEIRLESGE
o EITH(IRRINERYT VY TEERODIERICZIGUT,
TAMNE-MEBLIERAZEE
o YIRIITHAYOARI-TORAT-) %2 B8R E

Setup Configuration

Starting the test " Transmitter Power Spectral Density ™.
Configure the DUT to transmit Testmode 5 signal.

Connect the DUT signal to CH1 of the oscilloscope.
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Transmitter Power Spectral Density (PSD)

5/6-CMAUTOEN., OPT.BRR (BE&HA-YXRXyb:-AVTIITIAX-TAN)

« AYOAI-TZERLTPSDZAIEL.
NAT - TAK - -
* HEDNATCERLGEVWICZRER s R e

4k Q] (OEDe: ™

o 4itEh(XdBmEdBmM/HzDM A EY K-k

o ConfigureXZ1—-C:&EIR
IEEE : dBm/Hz. BroadR-Reach : dBm

o RBWI(310kHZz GRITE

-108 -

Transmitter | -
100 Ohm
Under Test B ; e
Oirenil e .t— Digital 100Base-T1DPSD ) e
Oscilloscope/ " -
Transmitter Clock , Data Acq.
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Droop

« Test mode 1 DIE=%EH (100Base-T1)

« AYO0RX-T%ERL TDroop%:flE

o JNIVADIL EYDE-IH5500ns# DDroopht
A5% K il CHDIEEMERD

o BRMECDVWTERIKRICIZTYDOE-Th5
500ns#% MDrooph'45% kit CH B & EHER

« EHNFTRIELEET-YECSVCEFRE

Transmitter Output Droop

Measurement Details| Measured Value Unit Test Result Margin Low Limit High Limit
Transmitter Output
Droop: Positive Droo| 8.6165 % Pass 36.3835 N.A 45.0000
p_Runl
Transmitter Qutput
Droop: Negative Dro| 8.7658 % Pass 36.2342 N.A 45.0000
op_Runl
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MDI Return Loss

5/6-CMAUTOEN., OPT.BRR (BE&HA-YXRXyb:-AVTIITIAX-TAN)

« 100Base-T1 MDI Return Loss Al E
o ARXIAIEBLIERIETH> T =TI D TlL AL
o VNAHBWIAYORI-FICLBHEIE

o TMHz~30MHz : 20dBLL E
30MHz~66MHz : 20-20*log10(f/30) dBLL

o TYROZJATIE AYDRT-T¢E

1}% %%%E%&&{Eﬁﬁ lJ‘t;‘/H\lJE oo AW Tektronix Oscilloscope‘
= J4UAFv%&{EA L TOpen. Short, Load T IE T £208
« VNARTREODL8, RIENESHO0-- IRk e TiE
. BEOVAVCRR BN AR L |
; — T ] Imped
= r .-—] r\ . Ref: eeeee plane

Open/Short/Load
Calibration
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VNAIZ&BMDI Return LossHIE

5/6-CMAUTOEN., OPT.BRR (BE&HA-YXRXyb:-AVTIITIAX-TAN)

« VNAIZLB100Base-T1,”1000Base-T1 MDI Return LossA|E
o TTRE03ARYX/-IITTR506AEY VNA et :

Tektronix _g@== ro=

7 ,_ ™ T
o J4JAF ¥ TF-XGbT + BalunZfE @ D . 0 (e :i
-‘ | B

SMA TF-XGbt test fixture SMA TTRSOOA:/ U _XoVNA

Type-N section TC1
SMA 5 B Twisted Pair (CATS/CAT6)
(< 1ft long)
B-
VNA Balun g>—D\ /
B+
X MDI under Test
50 Q c X
cr 4-pairs of 100 Q
differential
A- A+

Note: When measuring, ensure that each of the single ended ' Calibration Plane
lanes currently not under test is terminated with 50 Q (Using RJ45 Open, Short,
Load, breakout board)

S00 SERIES
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100Base-T1,/1000Base-THE B ADIEL:

AVTIATIATANBITO-TELOT AN T1IAFv

TF-XGbT Fixture " Clock Divider

=T
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2% | RJ-45(CEBHCAIERIEEE T1 I AF v DiEF:

« 17 YGA/T/TADANL—F-T=T) (BECER) Z10cmiZEICHYE
e UYIRKYEIRIM1THEENSD (VA AN RS (FZENE N THEEF)

« BECIZDIZ A ALYY QFBEY) Ha. 8 (1FEY) HiE
(ABRBOSA . B A)

o BURITE BIRRADERT(E. BT, HBINIEVAYTRQIARTFIRE

’ eves | [1][2] (3] 4] [5] |6] |7]|e
(S 7

. (g
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~TES P3
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TA 91475 LRERDIREE — 1

o %E7D—7\®1§% m:__ - —_— E:mv"i'_m:
o TXERXD'EZINTWNBT5H 00 4ege % I M.

VA AT T LITHESE \

Vrta _‘.<— S e e S = e ]
TXERXPEESTS B s i e —

i 5 8 jis

WA A

f
S 22 jis
120.00 ns/cliv

AT AL WW“W@WwwM.ﬂwvmmmwmgg

NITF-LRIVDES
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TA 91T IS LHERDERE — 2
XD E
« HEEEEES

fM-s<— WP

SMA

° E'%E;_E_ : SMA

?Elﬂtljénéﬁﬁli 71:@?)1?%@%’*’]10/\0)1@/J\T)Efllalgﬁét(sb 9F)- 4/77')?4%%0)71&)0)%
DIEEICIEESE, (20dBEE)

o AR, kA, T-FEHRIEX
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- BEJO-JEERTO- 7%@% LTz,

TONOZIAME (EEERER) 0VIRI1)

lCot%EiiJiﬁﬁE%ﬁj\Féﬁ‘/UJ—*‘/EI‘/
3&50)75;%(:&5/5\::31:.?0) %ﬁ
« SMLIR-TIRA-TO-EVJICK
ECUYAT LICE 2T 4L
o YANEAL-TCnBkLIES & ftia

o TX{E5 ERX(E T2/ Bt H
o YIT7-70v7-UhINY

Voltage probe /
&

Master (ECU)
+

Do)

5/6 Series MSO

~

-
SO

-

0

l

= chil [ch2) cha che

1

Current probe

™ Slave (ECU)

Twisted wire
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File Edit Applications Utility
Waveform View

.
Help Tektronix
Add New._.
Note
earch

Plot

ETHIES

PAM3 5

o

VINITTICE B S
B N A

== ; Horizontal Stopped
AS0 mrividiv 5 mAddiv 270785 332125 ’ ~ / L . A0 psfdiv 5 Manual, Analyze
500 1MQ DS 3.125GSs | 3.125G5s : . © SR: 3.125 GS/4 320 ps/pt Sample: 12 hits 09 May 2019
1.5GHz B ] 120 MHz B ] EAST _NO... | WEST N... RL: 1.25 Mpts 50% 723 Acqgs 241:51 AM
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Tektronix®YVJ1—-/3Y

5/6-AUTOEN-SS. 5/6-PAM3

DUTID [DUT001
('« Acquire live waveforms [™ signal Debug Mode
(| Use pre-recorded waveform files

suite  100BASE-TT v |

Device 100BASE-T1
Com 1000BASE-T1 Test Point (ECU)
{+ Full Duplex _ Half Duplex (+) Master () Slave () Both
Probes Configuration

('« One Voltage and One Current | One Voltage and Two Current

« TO00BASE-T1 KLU 1000BASE-T 1T
e IMNWABSOMIS1 Y &Y R-bF

Master Source Selection
Votage [CH1 [ v |
ot £
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P,-f»’ TekExpress Automotive PAM3 Analysis - (Untitled)*

Automotive Ethernet - 100BASE-T1 : PAM3

PAM3 DfiZtr

5/6-AUTOEN-SS, 5/6-PAM3

=-{v] Eve
~[w] Eye Width

=-{w] Jitter

~[v] Random Jitter(DD)
Deterministic Jitter(DD)

~[w] Total Jitter @ BER

Yorox7-o0v7-UhNY

« PAM3 D710 EIENE Dgi;
e« PAM3 OUZ)V)T4 e

IyFEHRlE S EE (Rj. Dj)
NA5Teh#& (BER)
VA - NAVEER

Test Description

To measure the Eye Hei

B TXRx/BEEPAM3EHAIY I RUTY
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PAM3 DEZHTL k-

5/6-AUTOEN-SS, 5/6-PAM3

 AIEfE. XA/ JTMID—F, Yy ME,

JOvMZL3E

B LN—b

Eys sagmt
It stNr o SES
Eve Sagnt
| Mteacuras
= ll“"‘T Ve ot =CU Twos BreSecvon | Test Romnt sterzion TestResust | Asarcam s=gm st | Low e
e 213 327
Mazwr vear
— E| ssvazes v Stzsior Uoper Eve Near Bnc * Fass v is4s 553| 1000 20
e L2224 753m
= | 224 7532 s Aizsior Lower Eve soear Enc 1 Fass vV Es7s 247 1000 20
e
e A tor wpper Eve Far Ena : == 40
e seater Lower Bve Far Sna s == 40
U = T SreSecton | Tast oot | rtermion TectReswr | Atargen sogm st | Low Lamret
L1z 236ms
= Az=tor wooer sve Moz Sna : = e 2 °
- — - - - 112 76Ems
s Ataster iower Bve Near Bna X Fan e 5 T o
= == sl - 120 165ns
SR 20630 s s Upper Eve = 2na x == S e °
Ees
Iota Str S
122 407ms
e taaia | 22207 =s seaior Lower Eve Far = * == =—10.407m | 32 °
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J0k3)b-73-F

5/6-SRAUTOENT

File Edit Applications Utility Help

Bus Decode Results Add New...

Bus 2 (Auto Ethernet) W:TERR TGN =011

o 1 0 0 ABCD ABAE 1654 - 817842E7357FF1B5628D 480D .
8D 616E0D OD OASFEE4B 4897 E

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

Bus: Auto Ethernet
Search: Bus
Events: 1

-10

100.00 ns/div

@:Ed)jﬂ |\ Auto Ethernet

JL-FI—-R ‘ IPD:E4h — IPD:95h — IPD:F2h — IPD:13F ~ 8Dh —IPD:8Eh— EDh —IPD

Auto Ethernet . E 7
1 y Trigger Copy Sear
D ABCDh ) .
14 ps 14.1 ps 14 &

Horizontal Trigger Acquisition

10 ps/div 100 ps (1) ~ ov Auto, Analyze
SR 6.25 GS/s 160 ps/pt Sample: 8 bits

RL: 625 kpts W 20% 8,681 kAcgs

Ref 1 Ref 2
125 mividiv § 125 mividiv | Auto Ethe
2GSk 2 GSfs

AUTO-ET AUTO-ET

Stopped
Auto Ethe

0 17 SEPTEMBER 2020
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Eko)

SEfE))1-3:

File Edit Applications Utility

Help Tektronix

Bus Decode Res Add New...

Bus 1 (Auto Ethernt) Bus 2 (Auto Ethernet)

1 -7.444968ms  FOTFAF38FEAZ D067ES506F6E - -

2 -7.256174ms  FO1FAF38FEA2 DO67ES506F6E = =

3 -6.363022ms  FOTFAF38FEAZ D067ES506F6E - -

4 -6.134448ms  FO1FAF38FEA2 DO67ES506F6E = =

5 -5.757098ms  FOTFAF38FEA2 DO67ES506F6E -- -

6 -1.528228ms  FOTFAF38FEAZ DO67E5506F6E = =

7 -1.370784ms  FO1FAF38FEAZ DO67ES506F6E - -

8 -1.220151ms  FOTFAF38FEAZ D067E5506F6E = = 5 ;

Uls: 999804/999804 Total: 999804/999804
-1 N75Na7ms  FN1FAFIRFFAY NNR7FRENAFAF

AL AR
AWARLE! |
VIV

Ethernet i H i i 1
MAC Destination Address:FO1FAF38FEAZh MAC Source Address:D067E5506F6Eh ET:0800h

7.44 7.44405 ms

— [ Horizontal Acquisition

Preview

237.385

249.07 m 298,885 Auta Fthe 1.5 ms/div 15 ms Manual,  Analyze
625 MS/s 625 MS/s 625 MS/s 625 MS/s SR 625 MSAs 1.6 nsipt Sample: 12 bits 01 Jul 2019
IMaster N Mastar F Iaster N IMaster F RL: 9.375 Mpts 50% Single: 0/1 12:23:52 AM
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TIOOZIADESREES EDFFE

YIRIITCKBETHEE

» HABRKRLGLUICEDIFDESZER R TS0,
« TAL-TYRTYTHREELGID. b5 I DR E 2 22 Rl B

« JORINEEPBENM DDI4Y FIICRRENBH. QURET /I A A] BE
e FETDBRSTFECOIANTDEFHEDEMAT I L LIEENP TS

AREEEREERT HIURDTE

<«
1v
—_ 1V—n—

ETa—ILB

=)

-_—

v
-1V J_I_

Ea—)LA

ZMERE &M L

ERJo—7

—
v
" -1V _|_I_
-2V -
+ +
~ \ EUEEE EUa—8

EBEX Fo—7J

FoRa—7

0 17 SEPTEMBER 2020

34



EEH

7. 7V —23E
6. JLE>F7—2aviE
5. tv>asfE

4. NI ANR—NE
3. xwhD—-TJE

2. T IE

1. VpiEfE

Ethernet Y'Y 1-3

EHI A
Ethernet

7V —23>

JoONL-T

\

L1~L7

B ER

BIE

TCP/UDP
IP
FYRI—=74-
7t

100/1000BASE
-T1

1PDiEAR  1PD:95h — IPD:F2h ~ IPD:13h — AGh

TCPC:ABAER TCPUP:T654h

/- TekExpress Automotive Ethernet - (Untitled)”

Automotive Ethemet 1000BASE-T1 Specifications

P o ) (2 Test Selectin =
Cresuns ) 7 A=

mit Clock Frequency and DI Jitter
ansmit Clock Frequency

ansmitter Timing Jiter - DI Jitter
mitter Timing Jitter

ansmiter Timing Jiter - aster Jiter
ansmitter Timing Jiter - Slave Jitter
ansmitier Output Droop

ansmiter Power Speciral Density
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] Transmitier Distortion

] Retum Loss
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Test Description

To verify the transmitter differential signal's
peakto peak amplitude value is within the

conformance limit It should be less than 1.30
Volts pealto-peak.

8Dh  IPDBER— EDh

Automotive Ethemet - 100BASE-T1 - PAM3

=] Eye
T

Eye Width
&[] Jitter
Random Jiter(DD)
+.[7] Deterministic Jitter(DD)
Total Jitter @ BER
] Timing
Rise Time
Fall Time
&{] Others
Linearity

Test Description

To measure the Eye Height of the PAN3 signal
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1ISO 11452-4
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o Common Mode Choke®
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Ground
Plane

RF
Monitoring

Probe

« ERBITO-THER 100Base-T1/1000Base-T1 ﬁ]‘;gét%”r:re”t 100Base-T1/
Transceiver 1000Base-T1
kﬁ(tb"(/’fl’é Probe Transceiver
=)
Sdc = Vdiff /" Vcom From RF
Injection To Level Monitor
L (SG & Amplifier (Spectrum )

& Coupler)

Analyzer)
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% . 10BASE-T1S DI E

' | 10BASE-TIS 100BASE-T1 1000BASE-T1 NGBASE-T1

T—4% - L—F
SR L— b
—Ta Y

L

B ERIE
BEIEH
FAROD—

Fr—JILE

10Mbps
12.5MHz

4B/5B, Differential
Manchester
Encoding

1Vpp
Half Duplex

Point to Point or
Multidrop

15m/25m

100Mbps
66.66MHZz
PAM3

2.2Vpp
Full Duplex
Point to Point

15m

1Gbps
750MHz
PAM3

1.3Vpp
Full Duplex
Point to Point

15m

2.5/5/10Gbps
1.4/2.8/5.6 GHz
PAMA4

1.3Vpp
Full Duplex
Point to Point

15m
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2% . 10Base-T1S AV TIFATIATAk

DUTID (DUT001 )
() Acquire live waveforms ('« Use pre-recorded waveform files

Wizard-based
automation

10Base-T1S
1000Base-T1

DUTID |DUTOO01 i)
('+) Acquire live waveforms () Use pre-recorded waveform files

Point to Point or
Multidrop

Suite 10Base-T1S | v |

Version : 10BASE-T1S IEEE P802.3cg™/D3.4

10/100/1000BASE-T1
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mailto:ccc.jp@tektronix.com
tel:0120441046

ATXFACNDEMER, BHZELFT
BAESHTFF 709X
Copyright Tektronix

(1 Twitter @tektronix jp
§i Facebook http://www.facebook.com/tektronix.jp
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