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Easy and accurate Ethernet design validation and debug

The Keysight Technologies, Inc. N6392A Ethernet electrical performance validation

and conformance software for Infiniium oscilloscopes provides you with an easy and
accurate way to verify and debug your TO00BASE-T, T00BASE-TX and 10BASE-T
Ethernet designs. The Ethernet electrical test software allows you to automatically
execute Ethernet physical-layer (PHY) electrical tests, and it displays the results in a
flexible report format. In addition to the measurement data, the report provides a margin
analysis that shows how closely your device passed or failed each test.

To make T000BASE-T, TOOBASETX and 10BASE-T measurements with the N5392A
Ethernet electrical test software, you also need the Keysight N5395C Ethernet electrical
conformance test fixture. If you want to make 1000BASE-T jitter measurements, you
also need the Keysight N6396A Gigabit Ethernet jitter test cable. In addition, you can
use Keysight 33250A arbitrary waveform generators as disturbing signal sources and
choose from a variety of Keysight vector network analyzers to make your return loss
measurements.

The N5392A Ethernet electrical test software performs a wide range of electrical tests
required to meet the Ethernet electrical specifications for TOO0BASE-T, TO0BASE-TX
and TOBASE-T systems as documented in the IEEE 802.3-2005 and ANSI X3.263-
1995 standards. To meet signal quality requirements, your product must successfully
pass conformance testing based on these specifications. Performing these tests gives
you confidence in your design. The Nb392A Ethernet electrical test software helps
you execute a wide subset of the conformance tests that can be measured with an
oscilloscope.

Features

The N5392A Ethernet electrical test software offers several features to simplify the
validation of Ethernet designs:

- Setup wizard for quick and clear setup, configuration and test

- Wide range of TOO0OBASE-T, TOOBASE-TX and 10BASE-T tests enabling standards
conformance

- Disturbing signal support for TOO0OBASE-T Test Mode 1 and 4 tests

- Accurate and repeatable results with Keysight Infiniium oscilloscopes

- Accurate return loss measurements with supported Keysight vector network analyzers
- Automated reporting in a comprehensive HTML format with margin analysis

With the Ethernet electrical test software, you can use the same oscilloscope you use
for everyday debugging to perform automated testing and margin analysis based on the
Ethernet-standards.
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N5392A software saves you time

The N5392A Ethernet electrical test software saves you time by setting the stage for
automatic execution of Ethernet electrical tests. Part of the difficulty of performing
electrical tests for Ethernet is properly connecting to the oscilloscope, loading the
proper setup files, and then analyzing the measured results by comparing them to limits
published in the specification. The Ethernet electrical test software does much of this
work for you.

The N5392A Ethernet electrical test software automatically configures the oscilloscope
for each test, and it provides an informative results report that includes margin analysis
indicating how close your product is to passing or failing that specification. See Tables 3 to
5 for a complete list of the measurements made by the Ethernet electrical test software.

Easy test definition

The N5392A Ethernet electrical test software extends the ease-of-use advantages of
Keysight's Infiniium oscilloscopes to testing Ethernet designs. The Keysight automated test
engine walks you quickly through the steps required to define the tests you want to make,
set up the tests, perform the tests, and view the test results. A setup page enables you to
quickly make decisions from the outset regarding the choice of tests and perform functions
that affect the testing task. The test selections available in the following steps are then
filtered according to the choices made in the setup page. While selecting tests, you can
select a category of tests all at once, or specify individual tests. You can save tests and
configurations as project files and recall them later for quick testing and review of previous
test results. Straightforward menus let you perform tests with a minimum of mouse clicks.

Ethernet Test -- Ethernet Device 1 @@
File View Help
Dles|w| EpEl=| B[c]0
Ethernet Test-- Ethernet Device 1* Q@@ TaskFlow | setUp Select Tests | Configure | Connect | Run Tests | Results | Himl Report |
File View Help SetUp - O AlEthernet Tests A
Dl = - [ 1000 Base-T =
= = [ Test Mode 1 Signal Tests (With Disturbing Signal)
TaskFlow _| SetUp ISeIect Tests | Configure | Connect | Run Tests | Results | Html Report | : ::::; I\::’::QG
!—sak = Ethernet Speed Select Tests -FO Droop
v 10Base-T |V 100Base-TX  [v 1000Base-T - [@ " Test Mode 4 Signal Tests (With Disturbing Signal)
[ Transmitter Distortion
1000Base-T 7 + [@ Common Mode Voltage
Select Tests ¥ Use Disturbing Signal Source:  * Use Aglent 332508 EECER S Seofrs * MO Jter
P + [ Retunloss
Use Others = O 100Base-Tx L
+ [0 Peakvoltage
Return Loss Test Connect : E ?:;::::t
* Use Vector Network Analyzer " Use DataFile #-C]O Rise and FiTime
External Instruments #-[]O oco/mer b4
Status: Configured Configure. .. Run Tests < 5
Test: (None Selected)
Test Report Comments (Optional)
More... Description: (Select a Single Test)
V¥ OTests  Follow instructions to describe your test environment Connection: 100BT W 22 Tests  Check the test(s) you would like to run Connection: UNKNOWN
Figure 1. The clean interface of the setup page enables you to quickly make Figure 2. The Keysight automated test engine guides you quickly through
decisions and perform functions that affect the testing task. selecting and configuring tests, setting up the connection, running the tests,

and viewing the results. You can easily select individual tests or groups of
tests with a mouse-click.
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Configurability and guided connections

The N5392A Ethernet electrical test software provides flexibility in your test setup. It
guides you to make connection changes with hookup diagrams when the tests you select
require it. All Ethernet electrical conformance tests you perform are based on the Keysight
N5395C Ethernet electrical conformance test fixture and N5396A Gigabit Ethernet jitter
test cable. You connect the oscilloscope to the conformance test fixture using Keysight
InfiniiMax active differential probes, SMA cables and BNC cables. Even when you use
additional instruments such as the arbitrary waveform generator as the disturbing signal
source, or the vector network analyzer for return loss measurements, the N5392A will
guide you through the connections with detailed instructions and diagrams.

Ethernet Test -- Ethernet Device 1 Ethernet Test -- Ethernet Device 1
File View Help File View Help

D& [ =2 &

TaskFlow _| setup | Select Tests Configure | Connect | Run Tests | Results | Himl Report Set Up | Select Tests | Configure  Connect | Run Tests | Resuts | Hel Report |

=
o
. & ComplianceMode (~ Debug Mode i",:‘ Instructions For Connection: 1000 Base-T, TestModel (with Disturber)
- - o | |22tests wil A
=/ O AllEthernet Tests . |Settings For: Test Pair 2 5 N
- s o, Connect for 1000 Base-T Test Model Tests with Disturber
Scope Channel Resources Test Pair ) :
@ DUTData (Channel 1) oidfferent (Pair BI_DA)
Select Tests @ Common Mode BNC {Channel 4) :eg‘;ps will
= 1000 Base-T Jitter Tests etermines the 1000 Base-T be used.
@ Jitter DUT Data (Channel 1) tested. This setting The first
@ DUT Clock {(Channel 2) | 1000 Base-T Tests. setupis .
i @ LinkPartner Clock (Channel 3) shown. GPIB Connection via USB-GPIB Adapter
= I??sturbing Signal Tests et AWG (Master) L4
@ DUT D+ (Channel 1) instructions . .
@ DUT D- (Channel 2) to start Infiniium Oseillosenpe Dutgt
=/ 1000 Base-T testing s
Connect @ Test Pair (BI_DA) ]
= Test Mode 4 Signal Tests (With Dist D WG (5
@ s##vas (150) 3 D+ o )
Run Tests @ ClockjData Edges (Rising) o
= Unfiltered Measurements
@ Time Range(s) (0.1) I
e 100 Base-TX
= DCD{Jitter )
@ DCD Pattern (Random Data)
< | > =
= - m
|w] 22 Tests  Configure options for the tests you checked Connection: UNKNOWN
ouT( ; {5 ouT
) ) ' ) ) : DUT
Figure 3. To set up tests, you define the device to test, its configuration, and f] 5
. . . S cope
how the oscilloscope is connected to it. | cope ) Seem
DA+ Dor D+ DB+
(oo a
’—; c III D B 4

| View WFm |F Thave completed these instructions

[v] 22 Tests  Follow instructions to connect the DUT, then press [Run] Connection: UNKNOWRN

Figure 4. When you make multiple tests where the connections must be
changed, the software prompts you with connection diagrams.

Figure 5. The N5395C Ethernet electrical conformance test fixture and N5396A
Gigabit Ethernet jitter test cable.
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Reports with margin analysis

In addition to providing you with measurement results, the N5392A Ethernet electrical
test software provides a report format that shows you not only where your product
passes or fails, but also reports how close you are to the limits specified for a particular
test. You can select the margin test report parameter, which means you can specify the
level at which warnings are issued to alert you to electrical tests where your product is
operating close to the official test limit defined by the Ethernet specification.

EEX

Ethernet Test -- Ethernet Device 1
File View Help

o] =2 e = 1Y

TaskFlow | SetUp | Select Tests | Configure | Connect | Run Tests  Results IHtmI Report |

| Actual val I Margin ~
7255m  37.0%
717 4m¥ 31.6%

Set Up Test Name | Spec Range
/" 1000 Base-T, Point A Peak Output Yolt...  (670.0mY to 820.0mV)
/1000 Base-T, Point B Peak Output Yolta,.. (670.0m¥ to 520.0mv)

X’ 1000 Base-T, Difference 4,8 Peak Outp... < 1.00% 1.35%
Select Tests /1000 Base-T, Point C Peak Output Volt... < 2.00% 560mM% 72.0%
/1000 Base-T, Point D Peak Output Yolt.., < 2.00% S540m% 73.0%
/" 1000 Base-T, Point & Template Test{w/... No Mask Failures 0,000 0.0%
</ 1000 Base-T, Point B Template Test(w/... No Mask Faiures 0,000 0.0% B |
/" 1000 Base-T, Point C Template Test{w/... No Mask Failures 0,000 0.0%
/1000 Base-T, Point D Template Test{w/... No Mask Failures 0,000 0.0%
/1000 Base-T, Point F Template Test(w/... No Mask Failures 0,000 0.0% v

iaAHE

KEYSIGHT o
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Ethernet Test Report
Overall Results:0 of 13 Tests Failed

| Test Configuration Details
Test Session Details
Infiniium SW Version 05200001
L Model Number DS0312044.
Infiniium Serial Number Iz Senal
LLast Test Date 14/7/2007 5:39.38 PM
Summary of Results
Margin Thresholds
| Waming <2 %
<0 %)

(/11000 Base T Point A Peak Outout Vollage{ws Distuibing Sigaal) (870 b to 820 O

DO Tests  Notests are checked. Press [Select] in Task Flow. Connection: UNKNOWMN

Details: 1000 Base-T, Point A Template Test(w/o Disturbing Signal) |/ 11000 Base-T. Point B Peak Output Voltage(wic Disturbing Sigral) (5750::" to m-““\'l::::l;\’
: = = ) = ) ' |1000 Base-T, Difference A B Peak Output Voltage(w/s Distuting Signal) < 1
< Summary I < Tialt ] v TnaIZI V4 Tnal3| v TrlaHl < Trials J Trial 6 ] N L 7 1000 Base:T, Point G Paak Ovipuk Vallogatwo Disturbing Signall <200% Fome
Parameter [ value ~ el'ecIs= < 1000 Ba ak Output Voltag gnal) <2.00% ~ la10ms
imit il | emplate Point I YTy 3= nann
parameter Tested ot # e (par B) 1o Faiures [ O L E——— pa
actual value o — L _11000 Base-T. Point B Template Testin/o Disturbing Signal) 0.000
(R 0P e T PRt T ek B0l DEtI R B | s
Test Pair BLDB v L b il S P
# Wi en R |/ 1000 Base-T. Point F Template Test(wio Disturbing Signal) No Mask Failures  0.000
s k| /' |1000 Base-T, Point H Template Testiw/e Disturking Signal) Me Mask Failures 0.000
[~ 1000 Base-T, Point G Droop Test(w/o Disturbing Signal) > 73.10% 196.61%
/1000 Base-T. Point J Droop Testiwio Disturbing Signal >7300%  [s5.08% |30

Figure 6. The Ethernet electrical test software results screen shows a summary
of the tests performed, pass/fail status, and margin. Clicking on a specific test
also shows the test specification and a measurement waveform, if appropriate.

Figure 7. The Ethernet electrical test software HTML report documents your
test, indicates the pass/fail status, the test specification range, the measured
values, and the margin.
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1000 Base-T, Point A Peak Output Voltage(w/o Disturbing Signal)

Reference: IEEE802.3-2005 Subclause 40.6.1.2.1

Trial Summary

P/F Trial # Actual Value Margin Test Pair #Avgs
 Trial 1 729.4mV 396 BILDA 128
 Trial2 729.2mV. 395 BILDB 128
V' Tial 3 733.9mV 426 BILDC 128
4 Trial4 725.9mV. 373 BIL.DD 128
 Triial 5 726.7mV 37.8 BIL.DA 128
~ Tiial 6 727.6mV. 384 BIDB 128
 Trial 7 726.3mV 375 BIL.DC 128
/ Trial 8 725.5mV. 37.0 BI.DD 128
' Tial 9 733.6mV 424 BLDA 128
~/ Trial 10 732.5mV. 417 BIDB 128
< Trial 11732.2mV 415 BI_DC 128
/ Tiial 12 732.6mV. 417 BLDD 128
" Trial 13 732.4mV 416 BIDA 128
( Trial 14 731.8mV. 412 BI.DB 128
V' Tiial 15 732 9mV 419 BLDC 128
~/ Trial 16 731.8mV. 412 BIDD 128

Mean  730.3m 40.18

StDev 2.988m 1.992

Range 8.400m 5.600

Min 725.5m 37.00

Max  733.9m 42.60

Peak A

Trial 1: Peak A, (Pair A)

R o

Figure 8. Additional details are available for each test, including the test limits,

test description, and test results, including waveforms, if appropriate.

Summary of Results

Margin Thresholds
| Warni < 27°/§
<0%

'Spec Range

Meusuret{ '\Iﬂug 'Mgrglr}

29 Jan 2867 18:51:02

814 LOG 10 dB/REF 8 dB 1:-23.856 dB 100.008 688 MHz
"
*
PRm
Cor
s I q
J_,,W Ty

START  1.000 BB06 MHz STOP 1683.860 804 MHz

Return Loss vs. Frequency

¥ T, Point A Peak Output Voltage(wio Disturbing Signal) (670.0mV to 820 0mV)[725 5mV [37.0%
/1000 Base-T, Point B Peak Output Voltage(w/o Disturbing Signal) (670.0mV to 820.0mV) 717 4mV 316%
|&¢ |1000 Base-T, Diffe e A B Peak Output Voltage{w/o Disturbing Signal)|< 1.00% |1.35%

|/ [1000 Base-T, Point C Peak Output Voltage(w/o Disturbing Signal) < 2.00% 560m%

[ [1000 Base-T, Peint D Paak Output Voltage(w/e Disturbing Signal) <2,00% 540m2

~/ |1000 Base-T, Point A Template Test{w/o Disturbing Signal) 'No Mask Failures. 10.000

< 1000 Base-T, Point B Template Test(w/o Disturbing Signal |No Mask Failures  |0.000

+/ 1000 Base-T, Point C Template Test{w/o Disturbing Signal) |No Mask Failures 10.000

| [1000 Base-T, Point D Template Test{w/o Disturbing Signal [No Mask Failures  [0.000

< [1000 Base-T, Point Fifempla\'eifesliw/a 5|stu16[n'g'§|'gﬁa'lr)' \No Mask Failures ‘0:566

|« /1000 Base-T, Point H Template Test{w/o Disturbing Signal) Mo Mask Failures 10.000

< [1000 Base-T, Point G Droop Test(wio Disturbing Signal) [>73.10% 95.23%

/' |1000 Base-T. Point J Droop Test(wo Disturbing Signal > 73.10% |o4.84% [29.7%

Figure 9. How close your device comes to passing or failing a test is indicated

as a % in the margin field. A result highlighted in yellow or red indicates that
your device has tripped the margin threshold level for a warning or failure.

0 . . . .

o
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Figure 9. How close your device comes to passing or failing a test is indicated
as a % in the margin field. A result highlighted in yellow or red indicates that
your device has tripped the margin threshold level for a warning or failure.
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Extensibility

You may add additional custom tests or steps to your application using the N5467A User
Defined Application (UDA) development tool (www.Keysight.com/find/uda). Use UDA to
develop functional “Add-Ins” that you can plug into your application.

Add-ins may be designed as:

- Complete custom tests (with configuration variables and connection prompts)

- Any custom steps such as pre or post processing scripts, external instrument
control and your own device control

File View Tools Help

New Project... B |

Open Project... ests | Configure | Connect | RL

Save Project SetUp SelectTests |Conﬁgure | Connectl Run Tests
Save Project As... B[O Al Tests

Export Results #-[JO Electrical Tests

User Defined

@[ O Timing Tests
=[O User Defined

Print... = O My Custom Test
Page Setup... - O My Custom Step
Print Preview. .. forme O My Post-processing Step

Er O My External Instrument Control

Recent Projects i
Fuv O My Device Control

Exit

Figure 11. Importing a UDA Add-In into your test application. Figure 12. UDA Add-In tests and utilities in your test application.

Automation

You can completely automate execution of your application’s tests and Add-Ins from

a separate PC using the included N5452A Remote Interface feature (download free
toolkit from: www.keysight.com/find/scope-apps-sw). You can even create and execute
automation scripts right inside the application using a convenient built-in client.

The commands required for each task may be created using a command wizard or from
“remote hints” accessible throughout the user interface. Using automation, you can
accelerate complex testing scenarios and even automate manual tasks such as:

- Opening projects, executing tests and saving results
- Executing tests repeatedly while changing configurations
- Sending commands to external instruments

- Executing tests out of order


www.agilent.com/find/scope-apps-sw
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Combine the power of built-in automation and extensibility to transform your application
into a complete test suite executive:

- Interact with your device controller to place it into desired states or test modes
before test execution.

- Configure additional instruments used in your test suite such as a pattern generator
and probe switch matrix.

- Export data generated by your tests and post-process it using your favorite
environment, such as MATLAB, Python, LabVIEW, C, C++, Visual Basic etc.

- Sequence or repeat the tests and “Add-In” custom steps execution in any order for
complete test coverage of the test plan.

SetUp | Select Tests | Configure | Connect | Run Tests Automation | Results | Heml Report |

Execute commands from: & Script (" Files Start I Settings... |
Commands... | == Configure signal datarate == &l
SetConfig TestMode' "6Gbps’ =

Save As... | .
== Connect to external instrument ==

ConnectAppTolnstrument ‘Instrument=PatternGen: Address=192.168.0.2'

== Send commands to Pattern Generator through Add-In ==
SelectedTest -5000
Run

== Run compliance tests ==
SelectedTest 1001, 1002, 1005
Run

== Run custom analysis using Matlab through Add-In ==
SelectedTest -2001
Run]

< 2l

Figure 13: Remote Programming script in the Automation tab.

UDA Add-in
= DUT control
# Instrument control

DUT or External
Instrument Control

s> Live Signals

Custom Tests/steps
- or Post Processing

Figure 13: Combine the power of built-in automation and extensibility to transform your application into a
complete test suite executive.
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Oscilloscope compatibility

The N5392A Ethernet Conformance software will run on:

- 8000 Series, version 5.2 or higher

- 9000 Series, version 1.0 or higher

- 9000 H-Series, version 1.0 or higher
- 90000 Series, version 2.10 or higher
- 90000 X-Series, version 3.0 or higher

These are shown in Table T below with minimum recommended bandwidth model and
probes shown. For oscilloscopes with earlier software revisions, upgrade software is

available at: http://www.keysight.com/find/infiniium_software

Table 1. Recommended oscilloscopes and active probes

Bandwidth of
Recommended recommended Recommended Bandwidth of
Data rate Standard oscilloscope oscilloscope probe recommended probe
10 Mb/s, 10BASE-T, DSO/MS08064A 600 MHz 1130A 1.5 GHz
100 Mb/s 100BASE-TX DSO/MS08104A 1 GHz 1130A 1.5 GHz
DSO/MS09064A 600 MHz 1130A 1.5 GHz
DSO/MS09104A 1 GHz 1130A 1.5 GHz
DSO/DSA90254A 2.5GHz 1137A 3.5GHz
DSO/DSA90404A 4 GHz 1132A 5 GHz
DSO/DSA90604A 6 GHz 1134A 7 GHz
DSO/DSAS0804A 8 GHz 1168A 10 GHz
DSO/DSA91204A 12 GHz 1169A 12 GHz
DSO/DSA91304A 13 GHz 1169A 12 GHz
DSO/DSAX91604A 16 GHz N2800A 16 GHz
DSO/DSAX92004A 20GHZ N280TA 20 GHz
DSO/DSAX92504A 25 GHz N2802A 25 GHz
DSO/DSAX92804A 28 GHz N2802A 28 GHz
DSO/DSAX93204A 32 GHz N2803A 30 GHz
Gigabit Ethernet 1000BASE-T DSO/MS08104A 1 GHz 1130A 1.5 GHz
(4x250 Mb/s) DSO/MS09254A 2.5 GHz 1131A 3.5 GHz
DSO/DSAS0254A 2.5 GHz 1131A 3.5GHz
DS0/MS09404A 4 GHz 1132A 5 GHz
DSO/DSA90404A 4 GHz 1132A 5 GHz
DSO/DSA90604A 6 GHz 1134A 7 GHz
DSO/DSAS0804A 8 GHz 1168A 10 GHz
DSO/DSA91204A 12 GHz 1169A 12 GHz
DSO/DSA91304A 13 GHz 1169A 12 GHz
DSO/DSAX91604A 16 GHz N2800A 16 GHz
DSO/DSAX92004A 20 GHz N280TA 20 GHz
DSO/DSAX92504A 25 GHz N2802A 25 GHz
DSO/DSAX92804A 28 GHz N2802A 28 GHz
DSO/DSAX93204A 32 GHz N2803A 30 GHz



http://www.keysight.com/find/infiniium_software
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Tests performed

The N5392A Ethernet electrical performance validation and conformance software
performs the following tests as per the IEEE 802.3-2005 and ANSI X3.263-1995 standards.

Table 2. Ethernet electrical tests for T000BASE-T performed by the N5392A software

Standard reference

IEEE802.3.2005 Sub clause 40.6.1.2.1

Description

Difference A, B peak output voltage*

IEEE802.3.2005 Sub clause 40.6.1.2.1

Point A peak output voltage*

IEEE802.3.2005 Sub clause 40.6.1.2.3

Point A template test*

IEEE802.3.2005 Sub clause 40.6.1.2.1

Point B peak output voltage*

IEEE802.3.2005 Sub clause 40.6.1.2.3

Point B template test*

IEEEB02.3.2005 Sub clause 40.6.1.2.1

Point C peak output voltage*

IEEE802.3.2005 Sub clause 40.6.1.2.3

Point C template test*

IEEEB02.3.2005 Sub clause 40.6.1.2.1

Point D peak output voltage*

IEEE802.3.2005 Sub clause 40.6.1.2.3

Point D template test*

IEEEB02.3.2005 Sub clause 40.6.1.2.3

Point F template test*

IEEE802.3.2005 Sub clause 40.6.1.2.2

Point G droop test*

IEEEB02.3.2005 Sub clause 40.6.1.2.3

Point H template test*

IEEE802.3.2005 Sub clause 40.6.1.2.2

Point J droop test*

IEEE802.3-2005 Sub clause 40.8.3.3

MDI common mode output voltage

IEEE802.3-2005 Sub clause 40.6.1.2.5

Jitter master filtered

IEEE802.3-2005 Sub clause 40.6.1.2.5

Jitter master unfiltered

|EEE802.3-2005 Sub clause 40.6.1.2.5

Jitter slave filtered

IEEE802.3-2005 Sub clause 40.6.1.2.5

Jitter slave filtered

IEEEB02.3-2005 Sub clause 40.8.3.1

MDI return loss

IEEE802.3-2005 Sub clause 40.6.1.2.4

Transmitter distortion*

*With or without disturbing signal
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Table 3. Ethernet electrical tests for TOOBASE-TX performed by the N56392A software

Standard reference

ANSI X3.263-1995, Section 9.1.3

Description

+Vt Overshoot

ANSI X3.263-1995, Section 9.1.3

+Vgut Overshoot decay

ANSI X3.263-1995, Section 9.1.3

~Vout Overshoot

ANSI X3.263-1995, Section 9.1.3

-Vut Overshoot decay

ANSI X3.263-1995, Section 9.1.6

AQI +V ot rise time

ANSI X3.263-1995, Section 9.1.6

AOI +Vy; fall time

ANSI X3.263-1995, Section 9.1.6

AOI +Vq rise/fall time symmetry

ANSI X3.263-1995, Section 9.1.6

AOI =V rise time

ANSI X3.263-1995, Section 9.1.6

AQOI -V, fall time

ANSI X3.263-1995, Section 9.1.6

AQOI -V, rise/fall time symmetry

ANSI X3.263-1995, Section 9.1.8

Duty cycle distortion

ANSI X3.263-1995, Section 9.1.4

Signal amplitude symmetry

ANSI X3.263-1995, Section 9.1.9 and
IEEE802.3-2005 Sub clause 25.4.5

Transmit jitter

ANSI X3.263-1995, Annex J

UTP AOl template

ANSI X3.263-1995, Section 9.1.2.2

UTP +V,, differential output voltage

ANSI X3.263-1995, Section 9.1.2.2

UTP -V, differential output voltage

ANSI X3.263-1995, Section 9.1.5

Transmitter return loss

ANSI X3.263-1995, Section 9.2.2

Receiver return loss

Table 4. Ethernet electrical tests for TOBASE-T performed by the N5392A software

Standard reference

|IEEE802.3-2005 Sub clause 14.3.1.2.5

IEEE802.3.2005 Sub clause 14.3.1.2.1,

Figure 14-9, Table 14-1

IEEE802.3.2005 Sub clause 14.3.1.2.1,

Figure 14-10

|[EEE802.3.2005 Sub clause 14.3.1.2.1,

Figure 14-10

IEEE802.3.2005 Sub clause 14.3.1.2.1,

Figure 14-12
IEEE802.3-2005 Sub clause 14.3.1.2.1
IEEEB02.3.2005 Sub clause 14.3.1.2.1

|IEEE802.3.2005 Sub clause 14.3.1.2.1 and

Annex B.4.1 and B.4.3.3

|[EEEB02.3.2005 Sub clause 14.3.1.2.1 and

Annex B.4.1 and B.4.3.3

IEEEB02.3.2005 Sub clause 14.3.1.2.2 and

Annex B.4.3.2

|IEEE802.3.2005 Sub clause 14.3.1.3.4 and

Annex B.4.3.5

Description
Common mode output voltage

Template MAU

Template TP_IDL with TPM

Template TP_IDL without TPM

Template Link Pulse with TPM

Peak differential output voltage

Harmonic content

Jitter with TPM

Jitter without TPM

Transmitter return loss

Receiver return loss
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Measurement requirements

To use the N5392A Ethernet electrical performance validation and conformance
software on your Infiniium oscilloscope, you will need oscilloscope probes and probe
heads, the Keysight N56395C Ethernet electrical conformance test fixture and other test
accessories depending on the Ethernet standard and test suites you want to perform.
For TOBASE-T and 100BASE-TX Ethernet testing, the test configurations are similar. For
T000BASE-T, the testing requirements can include jitter tests, tests with the disturbing
signal, and return loss measurements, which presents a much more complex test
configuration. The following section describes the fixtures and tests.

NH395C Ethernet electrical conformance test fixture

The Keysight N5395C Ethernet electrical conformance test fixture includes a main test
fixture board, a short RJ-45 interconnect cable, and a small impedance calibration
board (see Figure 4). The main test fixture board is subdivided into 8 fixtures which are
configured specifically for the requirements of different tests. Ethernet device connection
is accomplished through the short RJ 45 interconnect cable or through the N5396A
Gigabit Ethernet jitter test cable. Several tests require equipment in addition to the
Infiniilum oscilloscope; in these cases, the connection to the test fixture is accomplished
using BNC and SMA cables while the control of such equipment is accomplished by

the software through the 82357A/B USB-GPIB adaptor. Some measurements require a
direct SMA cable connection to channels on the oscilloscope, however, most commonly
the connection is via a Keysight InfiniiMax active differential probe (1130A, 1131A, 1132A,
1134A, 1168A, or 1169A) with an E2678A socketed differential probe head.

N5396A Gigabit Ethernet jitter test cable and

Gigabit Ethernet jitter measurement

The N5396A Gigabit Ethernet jitter test cable allows you to make TO00BASE-T jitter
measurements with the N5395C Ethernet electrical conformance test fixture. The 103-m
cable has a RJ-45 connector on one end to connect to the device under test (DUT), and
a DB9 connector on the other end to connect to the N5395C Ethernet test fixture board.
The T000BASE-T jitter measurements are best made using two Keysight InfiniiMax active
differential probes (1130A, T131A, 1132A, 1134A, 1168A, or 1169A) with the E2677A/
N5381A solder-in and E2678A socketed differential probe heads.

Return loss measurements

The N5392A Ethernet electrical performance validation and conformance software
supports the TOOOBASE-T return loss measurement which requires the N5395C Ethernet
electrical conformance test fixture, 3 SMA cables and an appropriate vector network
analyzer. We recommend you use one long (36”) SMA cable to connect the vector
network analyzer to the N5395C fixture and two short (~12”) SMA cables for fixture
interconnection. The software can either control the vector network analyzer to access
the measurement data or read one of several vector-network-analyzercreated ASCII data
files for the measurement results. Supported file formats are TouchStone and CITIFile.
The software will convert the 100-ohm measured data into the 85- and 115-0hm
systems as required in the specification. The network analyzer and main test fixture are
calibrated using the impedance calibration board, which has separate RJ-45 connectors
for an open circuit, a short circuit, and 50-ohm load.
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1000BASE-T disturbing signal

There are two suites of tests that require an interfering signal referred to as the “disturbing
signal:” the template test suite and the distortion test suite. The disturbing signal is created
by two Keysight 33250A arbitrary waveform generators which are controlled and calibrated
by the N5392A software. The disturbing signal tests require four BNC cables to connect the
function generators, two short (~12”) SMA cables for fixture interconnection, and two long
(36") SMA cables to make direct connection to the oscilloscope for measurements.

Ordering information

The following products are used in the total solution for Ethernet testing with the N5392A:

Table 5. Products used for all 10/100/1000 tests for N6392A Ethernet solution

Model number Description

N5392A User-installed license

Option 021 Factory-installed license on new 9000A, 9000 H- or 90000 Series oscilloscopes
N5435A Option 008 Server-based license for 9000A, 9000 H- and 90000 Series oscilloscopes
N5395C Ethernet electrical conformance test fixture

N5396A Gigabit Ethernet jitter test cable (for TO00BASE-T jitter test)

113XA or T16XA InfiniiMax active differential probe

E2677A or Nb381A InfiniiMax solder-in differential probe head

E2678A InfiniiMax socketed differential probe head

An alternative to purchasing the E2677A and E2678A is the E2669A

E2669A InfiniiMax connectivity kit for differential/single-ended measurements (contains one E2575A
differential browser probe head, four E2677A solder-in differential probe heads, and two E2678A
socketed differential probe heads)

33250A 80-MHz arbitrary waveform generator
82357A/B USB/GPIB interface
VNA Network analyzer that can measure in the 10-100 MHz range. Supported network analyzers:
- 8752x/53x
- 4395x/96x
- E5070x/71x
- E5061x/62x
- N5230A
Accessories
10833D GPIB cable, 0.5 meter (other lengths available, check with your Keysight representative)
8120-1840 BNC (m) - BNC (m) cable, 48”. Connects two BNC female ports.
SMA cables 4 maximum needed. Recommend two long (36”) and two short (~127) cables.

Suggested vendor, part number
- Farnell, 8558566 (36" length)
- Farnell, 1056167 (0.25 m length)

SMA push-on connectors Aids productivity by not requiring threaded SMA connections. Order 33SMA-Q50-0-4 from S.M Electronics
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Ordering information (continued)

To purchase the N5392A Ethernet electrical performance validation and conformance
software with a new or existing Infiniium oscilloscope, order the following:

Table 6. Order guide for each Ethernet measurement standard. To determine total number of a given model number for an aggregate capability (more than one
column), use highest number in row using those columns. For example, to perform all 10/100/1000 measurements, two 113XA or 116XA probe amplifiers are required.

1000BASE-T measurements
Model number Core  Jitter Return loss Disturbing signal 100BASE-TX measurements ~ 10BASE-T measurements

N5392A/ 1 1 1 1 1 1
DSO90000A-021
DSOX90000A-021

N5395C 1 1 1 1 1 1
N5396A 1

113XA/116XA 1 2 1 1
E2677A/N5381A 2

E2678A 1 1 1 1
33250A 2

82357A/B 1 1

VNA 1

GPIB cables 1

(2 if together
with return loss)

BNC cables 1 1 4 1

SMA cables 3 4

SMA push-on connectors 6 (optional)
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Related Literature

Publication Title Publication Type Publication Number
Infiniium DSO/DSA90000A Series Data Sheet 5989-7819EN
Infiniium Application Server License for Infiniium Data Sheet 5989-6937EN
Oscilloscopes

IInfiniium 8000 Series Oscilloscopes Data Sheet 5989-4271EN
E2688A High-Speed Serial Data Analysis and Clock Data Sheet 5989-0108EN
Recovery Software

Infiniium 9000 Series Oscilloscopes Data Sheet 5990-3746EN

9000 H-Series Oscilloscopes Data Sheet 5991-1520EN
Infiniium 90000 X-Series Oscilloscopes Data Sheet 5989-7819EN

Product Web site

For the most up-to-date and complete application and product information, please visit
our product Web site at: www.keysight.com/find/scope-apps

Keysight Oscilloscopes
Multiple form factors from 20 MHz to »90 GHz | Industry leading specs | Powerful applications


www.keysight.com/find/scope-apps
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