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Easy and Accurate Sfp+ Ethernet Transmitter Design
Validation and Debug

The Keysight Technologies, Inc. N6468A SFP+ Ethernet
electrical performance validation and conformance software for
Infinilum oscilloscopes gives you an easy and accurate way to
verify and debug your SFP+ and QSFP+ Ethernet designs. The
Ethernet electrical test software allows you to automatically
execute Ethernet physical-layer (PHY) electrical tests, and
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.

The N6468A software performs a wide range of electrical tests
required to meet the SFP+ Ethernet electrical specifications as
documented in the SFF-8431 standard. The N6468A SFP+ also
covers module tests found in the IEEE 802.3ba Annex 86A
standard. 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
N6468A SFP+ Ethernet Compliance software helps you execute
a wide subset of the conformance tests that can be measured
with an oscilloscope.

Features

— The N6468A SFP+ Ethernet
electrical test software has
several features to simplify
the validation of Ethernet
designs:

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

— Wide range of SFP+
Ethernet electrical tests
enabling standards
conformance

— Accurate and repeatable
results with Keysight
Infiniilum oscilloscopes

— Automated reporting
in a comprehensive
HTML format with
margin analysis

With the SFP+ 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 SFF-8431
standard.
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N6468A SFP+ Compliance Application Software
Saves You Time

Easy test definition

The software extends the ease-of-use advantages of Keysight's
Infiniilum oscilloscopes to testing SFP+ designs. Keysight's
automated test engine quickly walks you 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 lets you
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 number of mouse clicks.

File View Tools Help

Do B[ »@ 5% 01|

Task Flow _| SetUp | SelectTests | Configure | Connect | Run Tests | Automation | Resuits | Hel Report

SFP+\QSFP+ TestApplication

Device
’7 @ PP+ (7 QSFP+ Switch Matrix; Off ‘

TestLi
lrsumﬁ[atmn: SFP+SFT x ‘

[~ Test Report Comments (Opf

Figure 1. The clean interface lets you select SFP+ or QSFP+ as
well as several test categories and test limits found in the SFF-8431
specification.

The SFP+ Ethernet electrical test
software saves you time by
setting the stage for automatic
execution of SFP+ electrical
tests. Part of the difficulty of
performing electrical tests for
Ethernet transmitters 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.

It 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
Table 2 for a complete list of the
measurements made by the
SFP+ Ethernet electrical test
software.
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View All of the Sfp+ Ethernet Electrical Tests in the — Setup wizard for quick and

Gui Under Selected Tests clear setup, configuration and
test
i ‘:'.’",,'11;",_ T — Clearly see all the SFP+

ol e e e e e s o] Ethernet electrical tests

DI s et et vttt soecatons a8 — Run single or multiple tests
ElDOTtS‘Pa“ﬂ'ﬂam

0o e based on your needs

----- 00 e — When a test is highlighted, it

" ooows shows the description of the
5 15 Tt st s test along with pass limits

=[O Common Mode Voltage

S o e v o) — Accurate and repeatable

gomn

1O MeskHitRato results with Keysight Infiniium
oscilloscopes

— Automated reporting in a
comprehensive HTML format
with margin analysis

Test: Signal Rise Time (20%-80%)

Pass Limits: Signal Rise Time (20%-80%) >= 34.00 ps

Reference: SFF-8431 Spedifications for Enhanced Small Form Factor Pluggable Module SFP+, Revision 4.1, Table 12

===Margin Formula: ===
Margin = { (Actual -Min ) / | Min |) = 100%

Figure 2. The Keysight automated test engine quickly guides you
through 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.

Configurability and Guided Connections

The N6468A SFP+ 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. You connect the oscilloscope to the device
under test using the Wilder SFP+ or QSFP+ test fixture (www.wilder-tech.com).
SMA cables may be required to attach the Wilder test fixtures to the Keysight
Infinilum oscilloscope. See ordering information for more details.

Mode: & Compliance (" Debug
[50C seeasestess Settings For: #Waveforms.
@ Sonaling Rate (10,3125 49) Select or type ina value:
@ DUTTX+ Crarnel (Chamel 1) I
@ DUT TX- Crannel (Crannel 3) o
O 5P+ Host Transmiter Output Bectrcal Speciicatons at 8 oiaveforns: Number of naveforms
B0 Testpattem3is0 used for Qeq test.

g0

To remove 3 custom value: Open the
list, use keyboard Down/Up Artow keys
and press Delete.

80w

Figure 3. To set up tests, you define the device to test, its configuration,
and how the oscilloscope is connected to it.
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In addition to providing you with measurement results, the SFP+ Ethernet
electrical test software provides a report format that shows you not only where
your product passes or fails, but also 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
SFP+ specification.

File View Tools Help

DMl "wEr|

_| Setup | Select Tests | Configure Connect | Run Tests | Automation | Resuls | Heml Report |

1 testuill be -
run.

Oscilloscope

Follow these.
instructions
to start
testing

SFP+ Host
Under Test Yy

Host Compliance Board
X+ [f———eo]

-

—A
DC Blocks

Instructions
. Plug the SFP+ Host Compliance board (HCB) into the SFP+ Device Under Test (DUT).

. Connect DC blocks to the TX+ and TX- output of the HCB.
. Connect the TX+ output of the HCB to Channel 1 using an SMA cable
. Connect the TX- output of the HCB to Channel 3 using an SMA cable.

[ ST SR

. Configure the SFP+ host to fransmit the 8180 test pattern.

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

File View Tools Help
D@ M= ir| Xk

Task Flow _] setUp | Select Tests | Configre | Comect | RunTests | Automation Results | Himl Report |

settp Test Name | Actalval | Margn | passLmits |
/ Signal Rise Time (20%-80%) 4L74ps  22.8% VALUE >= 34.00ps
/ Signal Fal Time (80%-20%) 4597ps  352% VALUE >=34.00ps
/ Transmitter Qsq 13.27 126.5% VALUE >= 50.00
Select Tests /i 27.0mUl S0.9%  VALUE <= S5.0mUl
/ Uncorrelated Jtter (UJ)RMS) 1S.1mU 343%  VALUE <= 23.0mUl
/ Sngle Ended Voltage Range (Positve) 38 mv 14.8%  -300mV <= VALUE <= 4.000V
/ Sngle Ended Voltage Range (Negative) 32mV 149%  -300mV <= VALLE <= 4,000V
Sofiger / Total Jtter (T)(pp) 219.5mUl  21.6%  VALUE <= 280.0mUI
/ Eye Mask Hit Rato. 00000000 100.0% VALLE <=$0.04
/ Output AC Common Mode Voltage (ms) 692mV  53.9%  VALLE <= 15.00mV
X Data Dependent Jtter (D02)p-0) s03.7mur [ vALE <= 100.0 mut
/ Transmitter Qsq for Cu 11608 84.0% VALLE >=63.10
/ Voltage Modation Ampitude for Cu (WA)(-5) 515.82mV 7L9%  VALLE >= 300.00mV
/ Transmtter Wavefor Dispersion Penaity for Cu (TWOPQ)  9.891dBe  7.6%  VALUE <= 10.700 B
/ Outpust AC Common Mode Voltage for Cu (ms) 7.22m¢ 398%  VALUE <= 1200mV
| Details: Eye Mask Hit Ratio
/a1
Parameter [vave |
Pass Limits. <=50.0p Eye Mask Hit Ratio
Parameter Tested  Eye Mask Ht Rato
Actual 0.0000000

Figure 5. The SFP+ 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.
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Configurability and Guided Connections (continued)

File View Tools Help
D& "I |Ré

Task Flow _]|  setup | Select Tests | Configure | Comect | Run Tests | Automation | Resuts Hemi Report |

setup SFP+ Test Report =
v

Overall Result: [Z1[8

Test Configuration Details
Device Description
[PersistentOptionSet | Host Transmtter Output
Device Type SFPe
- Test Session Details.
p Infinium SW Version | 04 00010
Infiniium Model Number 050508044
Infiniium Serial Number 1/ $72€0004
N Application SW Version 0 0C <032
/o Debug Mode Used to
Last Test Date. 2013-10-17 05:15:34 UTC -07.00

Summary of Results

Test Statistics.
Faied 1
Passed 14
Total 15

Margin Thresholds
Viarning <2%
<0%,

#Failed # Triols Test Name Actual Value Margin Pass Limits

0 1 Sanal Rse Time (20%-80%) 4174ps 228% |VALUE >= 3400 ps

0 1 SonaifalTme (80%20%) 4sSTps  352% VALUE>=3400ps

0 1 ransmitter Qsq 127 126.5 %!VALUE >= 50.00 =
»

Figure 6. The SFP+ Ethernet electrical test software HTML report
documents your test. It indicates the pass/fail status, test specification
range, measured values, and margin.

Reports with Margin Analysis

File View Tools Help
DS s Rd
Task Flow _

onfigure | Connect | Run Tests | Automation | Resuits Himl Report

Hit Ratio

Pass Limits: <= 50.0 y | [Eye Mask Hit Ratio 0.0000000
Result Details

Trial 1
Trial 1: Eye Mask it Ratio

<

Figure 7. Additional details are available for each test, including the test
limits, test description, and test results, including waveforms, if
appropriate.



Reports with Margin Analysis (continued)

Summary of Results

Failed
Passed| 14
Total| 15

Warning| <2 %
<0%

il
o

---_

o Signal Rise Time (20%-80%) 4174ps 25 % VALUF_ »=3400ps
---——-_
v o 1 Transmitter 0sq 1327 126.5 % VALUE »= 50.00

[/ o1 |psta Denendent Puise With Shrnkage (DOPWSIp) 270mUI  509% VALUE<=S50ml
[ |o 1 Uncorrelated Jitter (1)(RMS) 1SAmll 343% VALUE <= 23.0 mUI

[/ 1 snakEnsdVotaseRenge(Posive)  sEmv Ma%

300 MY <= VALUE <= 4000V
’_ o 1 Single Ended Vottage Range (Negative) 342 mV 14.9 % |-300 mV == VALUE <= 4.000 V
00 Dememies  219SmU 216% VAWE<ZRO0mI
’\/_ o 1 Eve Mask Hit Ratio 0.0000000 100.0 % VALUE <=50.0 p

0 1 OupdACComonliodeVolsge(ms)  69mV  59% VALUE<-1S00mV

x|t 1 Data Denendent Jitter [D0JY(p-p) 1037 myl | ERR /ALUE <= 100.0 mul

0 1 IesmeGseecy MBS 840% VAWE=S0
’? o 1 Voltage Modulation Amplitude for Cu (WMA)(p-p' S1S82mv  |7T1.9% WALUE »=300.00 mv
'/ ® 1 Tansmiter Viavefomm Dispersion Penaly forCu (TWDPC) 9891 0B 7.6%  VALUE<-107000Be
’J_ 0 1 |Qutput AC Common Mode Voltage for Cu (rms) 7.22mv 39.8 % |VALUE <= 12.00 mv

Figure 8. How close your device comes to passing or failing a test is
indicated as a percentage 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.

Extendibility
You may add additional custom tests or File ' View Tools Help
steps to your application using the ge‘:npxiﬁ' |
N5467A User Defined Application (UDA) P ol sts | Configure | Comect | Re
development tool gz :33 o o Pags Lmi
(www.keysight.com/find/uda). Use UDA ExportResults  »
to develop functional “Add-Ins” that you _—l
can plug into your application. Print..,
Page Setup...
Add-ins may be designed as: EZ:;TS:S&
— Complete custom tests (with
configuration variables and Eilt
connection prompts) Figure 9. Importing a UDA Add-In into your test application.
— Any custom steps such as pre or
post processing scripts, external SetUp SelectTests | configure | Connect | Run Tests |
instrument control and your own [E-L]O Al Tests
device control @-[JO Electrical Tests

&[] O Timing Tests
=[O User Defined
--I O My Custom Test

B O My Device Control

Figure 10. UDA Add-In tests and utilities in your test application.
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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.

SetUp | Select Tests | Configure | Connect | RunTests  Automation | Resuits | Himi Report |
Execute commands from: (¢ Script (" Files Start | Settings... |
Commands... I == Configure signal data rate == -
SetConfig TestMode' '6Gbps’ —

Save As... I s
== 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|

N

<l £

Figure 11. Remote Programming script in the Automation tab.

Oscilloscope:

Compliance App + Automation Engine

Custom tests

UDA Add-in
-Custom Test/Steps
-Post processing

Matlab processing

Ci+script

UDA Add-in
-DUT contral
-Instrument control

LabVIEW

Results

DUT or External
Instrument Control

Pattem
Generator

Switch Matrix

Live Signals

1

Custome Tests/ steps
or Post Processing

Figure 12. Combine the power of built-in automation and
extensibility to transform your application into a complete test
suite executive.

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

Sending commands to external instruments
Executing tests out of order

Executing tests repeatedly while changing configurations

Find us at www.keysight.com
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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.

QSFP+ Switch Matrix Option

File View |Too|s Help

D d Compliance limits »
Infiniium >

W - - re | Connect | Run Tests |
Switch Matrix...
Configure Switch Matrix Settings*
C Off & On

Cortroler | Soral Pats

—Configuration Mode

& Automatically select drivers and paths (limited models)
" Manually perform these tasks (any supported model)

[~ Switch Drivers
Model: [ U3020A S26

Figure 13. Switch matrix software feature enabled in the
compliance application.

Switch matrix hardware
Keysight U3020A S26 or BitlfEye BIT2100

For more information about the switching solution and configuration, visit:
www.keysight.com/find/switching and the Keysight application note with
the publication number 5991-2375EN.

Figure 14. Automated testing for multi-lane digital bus interface
through switching solution switch matrix.

The Keysight switch matrix
software option for the
compliance application used
together with switch matrix
hardware, enables fully-
automated testing for multi-lane
digital bus interfaces.

The benefits of this automated
switching solution include:

Eliminate reconnections,
which saves time and
reduces errors through
automating test setup for
each lane of a multi-lane
bus.

Maintain accuracy with the
use of the unique N2809A
PrecisionProbe or N5465A
InfiniiSim features to
compensate for switch path
losses and skew.

Customize testing by using
remote programming
interface and the N5467A
user-defined application
tool for device control,
instrument control and test
customization.
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Oscilloscope Compatibility

The N6468A Ethernet compliance software will run on:

— 90000A Series, version 4.60 or higher

— 90000 X-Series, version 4.60 or higher

These are shown in Table 1 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 fixtures

Bandwidth of
Recommended recommended Recommended  Bandwidth of
Datarate Standard oscilloscope oscilloscope fixture recommended fixture
10 Gb/s SFF-8431 DSO/DSAX92504A 25 GHz SFP+ fixture 10 GHz
DSO/DSAX92504A 25 GHz SFP+ fixture 10 GHz
DSO/DSAX92804A 28 GHz SFP+ fixture 10 GHz
DSO/DSAX93204A 32 GHz SFP+ fixture 10 GHz
DSO/DSAX92504Q 25 GHz SFP+ fixture 10 GHz
DSO/DSAX93304Q 33 GHz SFP+ fixture 10 GHz
DSO/DSAX95004Q 50 GHz SFP+ fixture 10 GHz
DSO/DSAX96204Q 62 GHz SFP+ fixture 10 GHz
Bandwidth of
Recommended recommended Recommended Bandwidth of
Data rate Standard oscilloscope oscilloscope fixture recommended fixture
10 Gb/s SFF-8431 DSO/DSAX92504A 25 GHz SFP+ fixture 10 GHz
IEEE 802.3ba DSO/DSAX92504A 25 GHz SFP+ fixture 10 GHz
Annex 86A DSO/DSAX92804A 28 GHz SFP+ fixture 10 GHz
DSO/DSAX93204A 32 GHz SFP+ fixture 10 GHz
DSO/DSAX92504Q 25 GHz SFP+ fixture 10 GHz
DSO/DSAX93304Q 33 GHz SFP+ fixture 10 GHz
DSO/DSAX95004Q 50 GHz SFP+ fixture 10 GHz
DSO/DSAX96204Q 62 GHz SFP+ fixture 10 GHz
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N6468A SFP+ Ethernet Compliance Tests

Table 2. N6468A SFP+ Ethernet compliance tests performed by the N6468A software.

Host transmitter tests

Specification

SFF-8431, Revision 4.1, Table 11, host transmitter
output tests

Test description

Single-ended voltage range (+)
Single-ended voltage range (-)
Output AC common mode voltage

SFF-8431, Revision 4.1, Table 12, host transmitter
output tests

Signal rise time (20%-80%)

Signal fall time (80%-20%)

Total jitter (TJ)

Data dependent jitter (DDJ)

Data dependent pulse width shrinkage (DDPWS)
Uncorrelated jitter (UJ)

Transmitter Qsq

Eye mask hit ratio

SFF-8431, Revision 4.1, Table 33, host transmitter
output for Cu tests

Voltage modulation amplitude (VMA)(for Cu)
Transmitter Qsq (for Cu)

Output AC common mode voltage (for Cu)
Host output TWDPc

XLPPI tests
Specification

IEEE 802.3ba, Annex 86A, Table 86A-1,
host to module output for XLPPI tests

Test description

Single-ended output voltage (+)

Single-ended output voltage (-)

AC common mode output voltage

Output rise time (20%-80%)

Output fall time (80%-20%)

J2 jitter output

J9 jitter output

Data dependent pulse width shrinkage (DDPWS)
Qsq

Eye mask hit ratio

Test signal calibration tests

Specification

IEEE 802.3ba, Annex 86A, Table 86A-1,
test signal calibration tests

Test description

Crosstalk source VMA
Crosstalk source rise time (20% to 80%)
Crosstalk source fall time (80% to 20%)

Measurement Requirements

To use the N6468A SFP+ Ethernet electrical performance validation and conformance software on your
Infinilum oscilloscope, you will need oscilloscope probes, probe heads, and other test accessories
depending on the Ethernet standard and test suites you want to perform.

Find us at www.keysight.com
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Ordering Information

The following products are used in the total solution for the N6468A SFP+ Ethernet compliance test

software.

To order the SFP+ compliance application for a new oscilloscope purchase, order oscilloscope option
078. To purchase a new license for the SFP+ compliance application software for an existing
oscilloscope, order product number N6468A.

SFP+ option
Model number

See oscilloscope compatibility Table 1

Description

25 GHz oscilloscope (recommended minimum bandwidth)

New oscilloscope purchase: SFP+ compliance application:
DS0O90000 Option 078 or DSOX-90000 Option 078
factory-installed license

Existing oscilloscope: N6468A standalone license

Server-based license: N5435A Option 074

N8806A

MATLAB basic software package for running TWDPc

tests - TWDPc script is not provided by Keysight; user is
responsible for obtaining the script from the SFF-8431 standard
(Option 061 on new oscilloscopes)

SFP+-TPA-HCB-P

Wilder Technologies SFP+ plug adapter

N9399C (qty. 2)

DC block (N9398C/F/G or N9399C/F)

1810-0118 (qty. 2)

SMA (m) 50 Q termination

1250-1158 (qty. 2)

Adapter, SMA (f) to SMA (f)

N2812A (qty. 2)

High performance input cable, 2.92 mm connectors, 1 m length

QSFP+ switch matrix option
Model number
U3020AS26

Description
Keysight switch matrix

Or BIT-4000-2198-0

BitifEye BIT-2100 switch

New oscilloscope purchase: QSFP+ compliance application:
DS090000 Option 707 or DSOX-90000 Option 707
factory-installed license

Existing oscilloscope: N6468A standalone license

Server-based license: N5435A Option 707

N8806A

MATLAB basic software package for running TWDPc

tests - TWDPc script is not provided by Keysight; user is
responsible for obtaining the script from the SFF-8431 standard
(Option 061 on new oscilloscopes)

QSFP+-TPA-HCB-P

Wilder Technologies QSFP+ plug adapter

N9399C (Qty. 2)

DC Block (N9398C/F/G or N9399C/F)

1810-0118 (as needed)

SMA (m) 50Q termination

1250-1158 (Qty. 8)

Adapter, SMA (f) to SMA (f)

N2812A (Qty. 10)

High performance input cable, 2.92 mm connectors, 1 m length

Wilder Fixtures are based on either host and/or module testing. They can either be order together or
separately depending on customer needs and application. www.wilder-tech.com
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Page 12



Related Literature

Publication title Publication type Publication number
Keysight Infiniium DSO/DSA90000A Series Data Sheet 5989-7819EN
Infinilum Application Server License for Infiniium Oscilloscopes Data Sheet 5989-6937EN
E2688A High-Speed Serial Data Analysis and Clock Data Sheet 5989-0108EN
Recovery Software

Keysight Infiniium 9000 Series Oscilloscopes Data Sheet 5990-3746EN
Keysight Infiniium 90000 X-Series Oscilloscopes Data Sheet 5990-5271EN

Learn more at: www.keysight.com

For more information on Keysight Technologies’ products, applications or services,
please contact your local Keysight office. The complete list is available at:
www.keysight.com/find/contactus
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