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Purpose

* This slide will show how to make measurements of 100BASE-TX
Ethernet Cable Tests by using the Agilent E5071C ENA Option TDR.
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Ethernet Data Rate and Distance
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Ethernet Logo Certification Program

No logo certification program is

Standard Standard Body available for Ethernet (100BASE-TX /
1000BASE-T).

USB-IF *PHY tests performed in
- accordance to test procedure
- Issued by University of New
PCI > PCL-SIG Hampshire InterOperability

EXPRESS' Laboratory (UNH-IOL).
A| A SATALIO Self-compliance
AIA
Ethernet N/A

Anticipate __Accelerate __Achieve

.:::: Agilent Tech nologies www.agilent.com/find/ena-tdr

4



Ethernet Specifications and Electrical Test Procedure

Specifications

Test Procedure

|IEEE Std 802.3™-2008

4 IEEE

IEEE Standard for
Information technology —

Telecommunications and information
exchange between systems—

Local and metropolitan area networks—
Specific requirements
Part 3: Carrier sense multiple access with

collision detection (CSMA/CD) access
method and physical layer specifications

IEEE Computer Society

Sponsared by the
LANMAN Stardards Gomminse

e
= Fact Ao

Ha o, N 105185387, Uk
9 Dscumor 2005
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ANSI X3.263-1995

Fiber Distributed Interface

-Token Ring Twisted Pair
Physical Layer Medium
Dependent

for Information Technology —
Fibre Distributed Data
Interface (FDDI) -

Token Ring Twisted

Pair Physical Layer Medium
Dependent (TP-PMD)

|
L

k-
-
®
o
c
q
ol
0
®
c
)
2
©
=
g
&
0
=
7]
£
5

Amgsican Naona] Standas Insthute
11 West d2nd Street

New York, New York

10038

Test Suite for Ethernet
University of New Hampshire
InterOperability Laboratory (UNH-IOL)

FAST ETHERNET CONSORTIUM

Clause 25
Physical Medinm Dependent (PMD) Test Suite
Version 3.4

Technical Document

© 2006 University of New Hampshire InerOperabity Lab

www.agilent.com/find/ena-tdr




100BASE-TX Overview

100Mbps MAC frame

— : 0 1 1 0
1 TD+ (100 Mbps)
e 2 MTD—
100Mbps
3 v E RD+ 4B5B encoding 0 1 1 1 0
4 RD- (125 Mbps)
|
o R > | +1V
S | MLT-3 signal
|
PHY chi i v
chi e
p Pin # MLT-3 signal

“0™: no change
“1”: 0->+1-0—-1-0 —...

Data rate: 100 Mbps

*Tx and Rx are independent and use 1 twisted pair each. The remaining 2 pairs are
not used.

*4B5B MAC frame encoding... convert 4 bit pattern into 5 bit pattern to limit length
of consecutive 1s, or Os to within 4 bits (x1.25)

*MLT-3 (Multi Level Transmission - 3 ) modulation used to reduce the signal
frequency... No change for a “0”, change level sequentially for a “1”

*Highest frequency component is 31.25MHz. Cat 5 (max 100MHz) cable or better is
required.
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100BASE-TX Ethernet Cable Test

Test Setup Example

4-port VNA
(E5071C)
A+ A
A- A-
B+ B -]
g ¢ 3 IIEZE"'
= C. C
50-ohm == C \ N - 50-ohm
terminator DUT \, terminator
Test Fixture 1~ (Cable) Test Fixture 2
(TF1) (TF2)

Data rate: 100 Mbps

100 Mbps
—_—

D D > Gl

——
100 Mbps

|00\1070'I-l> w |\>|—\|

|oo\10>o-|.|> w NI—‘|

Link segment

*100BASE-TX runs over two wire-pairs inside a Category 5 or better cable.
*Uses one pair of twisted wires in each direction, providing 100 Mbps in each direction (full duplex).
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100BASE-TX Electrical Test Item List

Specifications Test Items

IEEE Std 802.3™-2008 [25.4.7.2.1] Insertion loss
[25.4.7.2.2] Differential characteristic impedance
[25.4.7.2.3] Return loss
[25.4.7.2.4] Differential near-end crosstalk (NEXT)
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100BASE-TX Ethernet Cable Test

Solution Overview

*100BASE-TX Ethernet cable evaluation requires measurements in both
the time and frequency domains.

Traditional
Solution New Solution
y ~ Ve ~ *ALL parameters can
Frequency Domain Vector be measured with
sInsertion Loss (Sdd21) [> Network ENA Option TDR
*Return Loss (Sdd11) Analyzer
*Crosstalk (NEXT) (VNA)
\ Y, - Y
- R - R

Time Domain

*Differential [> TDR

Characteristic Impedance Scope

(TDR)
NS

v N /
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100BASE-TX Ethernet Cable Test
Configuration

*ENA Mainframe v
*E5071C-440/445: 4-port, 9 kHz/100 kHz to 4.5 GHz
*E5071C-460/465: 4-port, 9 kHz/100 kHz to 6.5 GHz
*E5071C-480/485: 4-port, 9 kHz/100 kHz to 8.5 GHz
*E5071C-4D5: 4-port, 300 kHz to 14 GHz
*E5071C-4K5: 4-port, 300 kHz to 20 GHz

*Enhanced Time Domain Analysis Option (E5071C-TDR)
*ECal Module (N4431B / N4433A)

*1: Select one of frequency options. Note 100BASE-TX Ethernet cable tests require frequency up to 100 MHz.
*2: The list above includes the major equipment required. Please contact our sales representative for
configuration details.

e _ ™
Test Fixtures

s A i LN 2 8 mmevrers i el amlinge Fres

*Method of Implementation (MOI) ——— Agilent P/N: N5392-66404 (2/ea)

Test Fixture for Ethernet Application.

Vb sal Sewial Bas 10 Spow i o Urr s
gibons Moo of Bmphemsemsrion MHI dor 1500 1 5
A st and € sy L

document and state files (44x/46x/48x | ==iEnami
or 4D5/4K5) available for download O o mptementation

- Step-by-step procedure on

0 n Ag | Ie nt CO m how to measure the specified
parameters in the specification

document using ENA Option

TDR.

www.agilent.com/find/ena-tdr_compliance-cabcon
www.agilent.com/find/ena-tdr ethernet-cabcon
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100BASE-TX Ethernet Cable Test

Measurement Parameters

ENA Option TDR is one-box solution which provides complete characterization of
interconnects (time domain, frequency domain.)

v

Time Domain (Ch 1)

e 2 Response

3 Stimulus

4 Mkrfanalysis 5 Instr State

Frequency Domain (Ch 2)

150.0

1 Active Ch/Trac
I) Tddll Impedance 10,000/ Ref 50.00u [F4 Zr]

140.0
130.0
120.0
110.0
100.0
90.00
80.00
70.00
60.00
50, 00 p——
-7.69
Tr2 Tdd22 Im
150.0
140.0
130.0
120.0
110.0
100.0
a0. 00
80.00
70.00
60.00
50,00

Differential
Characteristic
Impedance

(Tdd11, Tdd22)

—_"
i32887n

]

7.699583222n

7.699583222n
ns

4
30.798332887n

Trl sddll Log Mag 10.00dB,/ Re

ESIT
sdd21l Log mag 10.00ds/ ref

o] Tr2: Pass|
Return Loss || Inserti02n
(sdd) | " 2
-20.00 1 0SS q
o o (Sdd21)
-50.00 -40.00
-60.00 -50.00

b iE] Sdd21l Log mMag 10.00ds/ Ref

2000 T T T T 73 pabs)
20.00

10.0C

e NEXT
-10.0C dd )
-20.0C (S 21 ]
-30.00 //_,‘i———ﬁ-.h 3
-40.00

-50.00

-60.00

Tr4 s5dd22 Log Mag 10.00d8/ Ref
30.00

20.00
10.00
0.000
-10.00
-20.00

Tr4: Pass

-3
=+ Return Loss

5

S (Sdd22)

/.4 NS = 2 T
weDR - (Teely) [l e ) S | (6 v (ely) (e i) e Y] 2)ix]
Sotem Horizontal Vertical Parameters | Gating || Trace Control |

% rb <4 > ~ | ’b VY A Tdd12 | Tdetd Tdct? | Measure |Time Damain v||DiHererdia\ V|
TDR/TDT I. | Tod2! | Tdd2z | Tde2t | Tdeg2 |Format [impedence v [] Pesing
. | Tadt! | To2 | Toc! | Todl2 | Stimuls
Eve/Mask | To2t | T2z | et | Toeez [meetime| oo | T
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IEEE Std 802.3™-2008
25.4.7.2.1 Insertion Loss

Time Domain (Ch 1) Frequency Domain

3] T OHIT C00 0 10

(Ch2)

*Frequency response of the differential signal that propagates
through the cable.
*Direct measure of the signal reaching the receiver.

n

Return Loss
",\‘ (Sdd11)
e

reseerme | S2EHEHE] S *Provides a measure for the highest useable bandwidth.

! 5 NEXT * Return Loss
| (Sdd21) (Sdd22)

Insertion Loss
(Sdd21)

E5071C Network Analyzer

1Active ChiTrace 2Response 3 Stmulus 4 MiafAnalysis S Instr State Resize
P sclcd2l Log Mag 5.000ds/ Ref O.000d8
5.000
0. 000 q4
2
-5.000

-10.00

Sad2t -
i ; Insertion_Loss(f) < 2.17%°%° + 0.4/f (dB)
Differential

Mode -40.00

—45. 00
2 Start 1 MHz IFBW 70 kHz Stop 200 MHz [ Bl
ES0TC Trace futo Stop Data Marker Marker -n - .
s TOR 1 'I Scals ‘I H Single I Mem 'I off 'I Search ‘I m 32X

Harizontal Wertical Parameters | Gating | Trace Contral |

Setup
W : n <» ~ n Vv A - Td2 | Tde! | Tdel2 |Measure | Time Domain || Differential v

| |

9 ® o | T2t | Tddzz | Tde2t | T2z |Formet [impedsce  w|[] Feeing

- - N || Tet | Temz | Testt Teolz st Smacthing

ve/Mosk Tort | Tozz | To | T2 [ Twelnar )
SWC

TDR/TDT
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IEEE Std 802.3™-2008
25.4.7.2.2 Differential characteristic impedance

*Noise is generated at the receiver due to impedance
iy mismatch and multiple reflections. The impedance profile
il et provides an indication of the multiple reflection noise.

R B il *Most commonly measured parameter, but is an indirect
i measure of the signal reaching the receiver.

Impedance Profile
(Tdd11, Tdd22)

NEXT Return Loss
(Sdd21) (Sdd22)

E5071C Network Analyzer

1 Ative ChiTrace  2Response 3 Stimulus 4 Mke/Analysis 5 Instr State Resize

M T Tnbedance 51 000U/ her Tooiou [ 21
125.0
120.0
115.0
110.0
105.0
100.0
95,00
Tdd11 dd
T 22 85.00
o on The nominal differential characteristic
impedance of each link segment, which
T e an 2o 7oon includes cable cords and connecting [2.on
- S 5 hardware, is 100 Q for all frequencies [l
ES0T1C Trace Auta Sto
#eTR relv 2ily) e 82 | petween 1 MHz and 100 MHz.
Setup Horizontal Wertical . - .
Tdel2 | Tdol1 | Tdc12 |Messure |TimeDomain v || Differenial ~
TDR/TDT \ Tedz! | Tode? | Tde2! | Td2 |Formet [impedarce v [] Fecing
‘ Tedtl | Ted2 | Tect! | Tocl2 | Stimule
Eye/Mask | Tt Toiz | Tocl | T2 |ResTime 0oz v B
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IEEE Std 802.3™-2008
25.4.7.2.3 Return loss

Time Domain (Ch 1) Frequency Domain

(

— *Ratio of reflected voltage to incident voltage. Key parameter
s [ when evaluating impedance mismatch.

() *When impedance match is poor, transmission signal quality
Sdd11 (Sdd21)

e is degraded due to multiple-reflection effects, leading to
il increase in bit error rate.

Impedance Profile
(Tdd11, Tdd22)

* Return Loss
(Sdd22)

NEXT
(Sdd21)

E5071C Network Analyzer

1 Active ChiTrace 2 Response 3 Stimulss 4 Miafanalysis 5 Instr State Resize
PO scicll Log mag 10.00des Ref 0.000dB
10.00

0. 000 L]

-10.00 f il

-20.00
-30.00
-40.00
-50.00

Sddil Sdd22 e 15 (1-20 MHz))

Return_Los: dB
-70.00 sturn_Loss(/) <{15—1010%@’/3)) (20— 100 MHz) [ B

i
J

-80.00

-90. 00

2 Start 1 MHz IFBW 70 kHz Stop 200 MHz B B

ES0MC Trace Auta Stop Data Marker Marker ]
OFT. TDR 1 ‘I Scale vI M[ Single I [ Mem "ll 0if “] [Search|‘] E]
]

Horizon WVertical Paameters | Gating | Trace Contiol |

fal
Seti
= “l ’\J « : > ~ ’\J Y A - Tz | Tdatt Tdcl? | Measure ‘T\mEDUmain vHDilFeuential v

| |
TDR/TDT ® ® ) o | Tdd2t | Tz | Tde2d | T2z |Format [lmpedancs | [] Pesing
\‘/ - \-/ \—’ [ Tett | Tenz | Teot1 | Todlz | stims Sl

|
Eye/Mask 5 i Fans 5 Dhin/div 1100 Db | Tk | Tod#? | Toct | Toif? | Rise Time | 10:90% v
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IEEE Std 802.3™-2008
25.4.7.2.4 Differential near-end crosstalk (NEXT)

Time Domain (Ch 1) Frequency Domain (Ch 2)

*Measure of the coupling between the differential pairs.

- 4

3 TT SOHIT L0 o3 10 000/

|

Insertion Loss
(Sdd21)

Return Loss
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Impedance Profile
(Tdd11, Tdd22)

* Return Loss
(Sdd22)

NEXT '
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Sotup ,“"‘ RS "'M. nova ’i'""m“"m e [T TR 1 Active ChiTrace 2 Response 3 Stimulus 4 MkrfAnalysis 5 Instr State Resize
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2
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-
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-80. 00
—50, 00
2 Start 1 MHz IFBW 10 kHz [
E50TC Trace Auto Stop Data Marker Marker
& “TDR 1 'I Scals ‘I H Singls I Mem ‘I oft 'I Saarch‘l n @..
Horizants! Yertical Parameters
Setup | Gating | TraceControl |
| T2 | Tdott | Tdote |Measwe [TmeDoman  v||Diterertl v
TDR/TDT Tdd2? | Tde2 | Tdo22 |Format [impedsnce [ Pesiing
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ENA Option TDR Compliance Test Solution
Certified MOls

Compliance test solutions (i.e. Certified MOIs) with the ENA Option TDR are available at
www.agilent.com/find/ena-tdr_compliance

Cable / Connector Transmitter/Receiver (Hot TDR)
SUFPERSPEED . SERIL SERIAL *
ﬁ“ﬁ'&- R = JA|— m|p| a|I|ance
i S La V1 u | B }
Time T = Time Time Time
& Frequency e —— - — &
Frequency i Freguency Fregquency Frequency F{eq ueney
P D.s;;,pon 100BASE-TX 10GBASE-T *MHL
- e S Time- ‘—_“wh
& & Time
& [ ———— F' —_ - __.& -
I’Q ugnc B
Frequency FTEQU eﬁcy ----- q y Fﬁequeﬁey
*
BroadR-Reach
pr—— More Standards
Time Currently Under
& Investigation
Erequency
. /L
* For more detail about Thunderbolt and BroadR-Reach compliance test solution using the ENA Option TDR, contact Agilent sales representative
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http://www.hdmi.org/index.aspx
http://www.mhlconsortium.org/home.aspx
http://www.mhlconsortium.org/home.aspx

ENA Option TDR Compliance Test Solution
Certified Test Centers using ENA Option TDR

Test Centers Support ENA Option TDR )

ENA Option TDR is used world wide by certified test centers of USB, HDMI,
DisplayPort, MHL, Thunderbolt and SATA.

(‘ ,V B

Panasonic

GRANITE RIVER LABS

ALLIGN'

GRANITE RIVER LABS |

ALLIGN
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Ethernet Cable Compliance Test Solution
Summary

ENA Option TDR

ENA Option TDR Cable/Connector Compliance Testing Solution is ....
*One-box solution which provides complete characterization of high speed digital
interconnects (time domain, frequency domain, eye diagram)

«Similar look-and-feel to traditional TDR scopes, providing simple and intuitive
operation even for users unfamiliar to VNAs and S-parameters

*Adopted by test labs worldwide
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Questions?
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Agilent VNA Solutions

19 oiiife 9
PNA-X, NVNA

Industry-leading performance

llg 10 M to 13.5/26.5/43.5/50/67 GHz
= #: Banded mm-wave to 2 THz
fe  of

PNA

Performance VNA

10 M to 20, 40, 50, 67, 110 GHz
Banded mm-wave to 2 THz

191101101184t

PNA-L

World’s most capable value VNA
300 kHz to 6, 13.5, 20 GHz

10 MHz to 40, 50 GHz

——r
lm BesNgerformance :gg@ Mm'wave
— E(IJ\ICH s ol [—"— solutions
zyp 4.5, 8. Up to 2 TH
E5071C  GHz PNA-X P ‘
g World’s most popular receiver
: i gckcl)—|nzotrcr>l)4/1\5/NéA5 GHy 8530A replacement
E5061B \ 300 kHz to 20.0 GHz PNA Series
NA + ZA in one-
FieldFox 5Hzto3GHz
Handheld RE Low cost RF VNA -
Analyzer 100 k to 1.5/3.0 GHz ENA Series

5Hz to 4/6 GHz
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What is ENA Option TDR?

The ENA Option TDR is an application software embedded on the
ENA, which provides an one-box solution for high speed serial

interconnect analysis.

3 Breakthroughs

for Signal Integrity Design and Verification

!

Simple and Intuitive Operation

EREIEE

Fast and Accurate Measurements

rrer: 6.2508

It o — m— ;,.;;:.-_?
=R e e ) (S ) "‘"
o Cav 1Patln st —

Type P implitude Rize Time Def. ima
TS e R B ESD Robustness
Eye/Mask EZE Ca 130 x q
po— ) Mask Test o [ o 5t SD protection inside

Meas

www.agilent.com/find/ena-tdr
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What is ENA Option TDR?

[Video]
Agilent ENA Option TDR
Changing the world of Time Domain Reflectometry (TDR) Measurements

‘www.youtube.com/watch?v=hwQNIyyJ5hi&list=UUAJAjd97CfnCehC4jZAfkxQ&index=20&feature=plcp

www.agilent.com/find/ena-tdr

Qreax'

COD on Sense
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Additional Resources

*ENA Option TDR Reference Material
www.agilent.com/find/ena-tdr

*Technical Overview (5990-5237EN)
*Application Notes

«Correlation between TDR oscilloscope and VNA generated time domain waveform (5990-5238EN)

«Comparison of Measurement Performance between Vector Network Analyzer and TDR
Oscilloscope (5990-5446EN)

Effective Hot TDR Measurements of Active Devices Using ENA Option TDR (5990-9676EN)
*Measurement Uncertainty of VNA Based TDR/TDT Measurement (5990-8406EN)

*Accuracy Verification of Agilent's ENA Option TDR Time Domain Measurement using a NIST
Traceable Standard (5990-5728EN)

Method of Implementation (MOI) for High Speed Digital Standards

www.agilent.com/find/ena-tdr_compliance
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