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Easy and accurate T0GBASE-KR Ethernet backplane design
validation and debug

The Keysight Technologies, Inc. N8814A T0GBASE-KR Ethernet backplane electrical performance
validation and conformance software for Infiniium oscilloscopes provides you with an easy and accurate
way to verify and debug your TOGBASE-KR and 40GBASE-KR4 Ethernet backplane 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 N8814A T0GBASE-KR Ethernet backplane electrical test software performs a wide range of
electrical tests required to meet the T0GBASE-KR Ethernet backplane electrical specifications as
documented in the IEEE 802.3ap 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 N8814A 10GBASE-KR Ethernet backplane electrical test software helps
you execute a wide subset of the conformance tests that can be measured with an oscilloscope.

Features

The N8814A T0GBASE-KR Ethernet backplane 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 10GBASE-KR Ethernet backplane electrical tests for standards conformance
- Accurate and repeatable results with Keysight Infiniium oscilloscopes

Automated reporting in a comprehensive HTML format with margin analysis

With the T0GBASE-KR Ethernet backplane electrical test software, you can use the same
oscilloscope you use for everyday debugging to perform automated testing and margin analysis based
on the TOGBASE-KR Ethernet backplane standards.
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N8814A T0GBASE-KR Compliance Application Software
Saves You Time

The T0GBASE-KR Ethernet backplane electrical test software saves you time by setting the stage for
automatic execution of TOGBASE-KR electrical tests. Part of the difficulty of performing electrical tests
for Ethernet backplanes is properly connecting to the oscilloscope, loading the correct 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 TO0GBASE-KR Ethernet backplane 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 Table 2 for a complete list of the measurements made by the 10GBASE-KR Ethernet backplane
electrical test software.

Easy test definition

The T0GBASE-KR Ethernet backplane electrical test software extends the ease-of-use advantages of
Keysight’s Infiniium oscilloscopes to testing T0GBASE-KR Ethernet backplane designs. The Keysight
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 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.

File View Tools Help

Dw o' @5 I |

SetUp | select Tests | Configure | Connect | Run Tests | Automation | Resuits | Himi Report |
KR Test Environment Setup

—Device Under Test (DUT)

Select M Option
C 10GBASE-KR

' 40GBASE-KR4 With Switch Matrix Switch Matrix Setup |

" 40GBASE-KR4 Without Switch Matrix™

Configure

—~Test Report Comments (Opti

Device |dentifier: User Description:
|(Select or Type) | |iselect or Type) ~|
Comments:
InfiniiSim Setup Set Channel skew 5“’“&“";;““'“
KR4 # ich must b ith o ial probes ol

Figure 1. The clean interface allows you to select all tests or specific tests.
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N8814A T0GBASE-KR Compliance Application Software
Saves You Time, Continued

View all of the TOGBASE-KR Ethernet backplane electrical tests in the GUI under selected tests.

Setup wizard for quick and clear setup, configuration and test

Clearly see all the T0GBASE-KR Ethernet backplane tests

Run single or multiple tests based on your needs

When a test is highlighted, it will show the description of the test along with pass limits
Accurate and repeatable results with Keysight Infiniium oscilloscopes

Automated reporting in a comprehensive HTML format with margin analysis

File View Tools Help
DwHd|[e)a5Tr |2 a0
SetUp SefsctTests | Configure | Connect | Run Tests | Automation | Resuits | Homl Report |

m =[O 10Gbase+R Tests
=[O Main Voltage Measurements (pattern: 2 or 3)
[ O Differential Peak to Peak Output Voltage Test with TX disablad

OO Common Mode Voltage Test
[ O Differential Peak to Peak Output Voltage Test
200 i Measurements (pattern: 2 or 3)

w

{m [CRCRCRCE m [CRCRCRCECRC | m}

[e]

=-[JO Transmitter Output Waveform Measurements (pattern: Square §)
[ O Transition Time (20%-80%) - Rising Edge.
[JO Transition Time (20%-80%) - Faling Edge
O Transmitter Output waveform Requirements Related to Coefficent Update (patter: Square 8)
O Coefficient Update c_1inc c_0 hold c_1 hold
O Coefficient Update c_1 dec c_0 hold ¢_1 hold
O Coefficient Update c_1 hold ¢_0 inc c_1hold
O Coefficient Update c_1 hold c_0 dec c_1 hold
O Coefficient Update c_1 hold ¢_0 hold c_1inc
O Coefficent Update c_1 hold ¢_0 hold c_1 dec
‘Transmitter Output waveform Requirements Related to Coefficent Status (pattern: Square 8)
O Coefficient Status c_1 dis ¢_0 min c_1 dis
O Coefficent Status c_1 dis ¢_0 max c_1 dis

oooooo

(¢}

O Coefficent Status ¢_1 min c_0 min ¢_1 dis
O Coefficent Status ¢_1 dis ¢_0 min c_1 min
Transmitter Output Waveform Manual Measurements (pattern: Square 8)

oooo

O vsResit

O véResult

[JO delta_v2Resuit
[JO delta_v5Result
1O RoreResuit
Test: Data Rate Mean

Pass Limits 10.311468750 Gbps <= Data Rate <= 10.313531250 Gbps
rate of the signal
Limit Set: 10Gbase KR Test Limit

3ap-2007_KR Spec

Figure 2. The Keysight automated test engine quickly guides you
through selecting and configuring tests, setting up the connec-
tion, 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 N8814A T0GBASE-KR Ethernet backplane 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 Keysight InfiniiMax active
differential probes and/or SMA cables.

File View Tools Help
Dw e % E 0|

SetUp | Select Tests Configure | Connect | Run Tests | Automation | Results | Homl Report |
Mode: @ Compliance (~ Debug

Adivate/Refresh Limit Set... | Active: (Official) 10GEase KR Test Limit
E-O 10Gbase-kR Tests Settings For: Signal Channels

@ Signal Channels (Channel 1and 3 [Dual Singe-Ended]) Select a value:
S Se—

@ sandwidth (25e9)
@ Sample Rate (30e9)

@ TXOn Voltage Scale (Auto)
@ TXOff Voltage Scale (Auto)
@ Dissble Pattern Check (Ensble)

@ Save Tested Waveforms (No)
@ Select Waveform Directory (C:\Temp\KRwfim)
channels are for dual single-ended
connections. Note: Al functions must

be differential.

or waveform memares with tho

Figure 3. To set up tests, you define the device to test, its configuration, and how the oscilloscope is
connected to it.

File View Tools Help
D ™| 5|

Task Flow _| SetUp | Select Tests | Configure Connect | Run Tests | Automation | Resuts | Himi Report |

3 tests wiill

be run. Please pay attention to the scope connection

3 different.

e « Disable Tx for this test

be used. + Connect the scope to the DUT Signals as follows:
The first.

o Chamnel 1:

Ve+: DUT+
Follow the -
In"sh“’“"'m’;‘: Ve-: GND
to start
testing Channel 3:
Ve+: DUT-
Ve-: GND

® o

Precision 3.5 mm
BNC to SMA
Male Adapters
BUT# (54855-67604)
Transmitter 50 ohm SMA
Under Test Cables
DUT-

[ P ammasaema | =

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

In addition to providing you with measurement results, the N8814A T0GBASE-KR Ethernet backplane
electrical test software has 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
10GBASE-KR Ethernet backplane specification.

File View Tools Help

D@ HE| D85 |XK
_| setUp | select Tests | Configure | Connect | Run Tests | Automation Results | mi Report |
Testhame [ Actualva [mergn [ pass Limits | [a]
/ (v3+v6ifv3 (Additional) - Coefficient Status dis-min-dis Sm . VALUE <=50m
X Rore - Cosficent Status dsmax-ds 1069 950m <= VALUE <= 1.050

X Rpst - Coefficient Status dis-max-dis:
X v2 - Coefficient Status dis-max-dis
X delta_v2 (additional) - Coefficient Status dis-max-dis

1071
269mv
556 mv.

950 m <= VALUE <= 1.050
400 mv <= VALUE <= 600 mv
VALUE <=40mv

X delta_v5 (Additional) - Coefficient Status dis-max-dis VALUE <= 40 mv
/ (v2+v5)fv2 (Adciitional) - Coefficent S -max-dis VALUE <=50m
/ (v3+v6]v3 (Additional) - Coefficient Status dis-max-dis VALUE <=50m
X Rost - Coefficient Status min-min-dis VALUE >= 4,000
X v2 - Coefficient Status min-min-dis VALUE <= 40 mv
/ delta_v2 (Additional) - Coefficient Status min-min-dis VALUE <= 40 mv
X delta_v5 (Additional) - Coefficient Status min-min-dis s67my I o= <= oy
/ (v1+v4ijv1 (Additional) - Coefficient Status min-min-dis 7m . VALUE <= 50m
 (v2+vS]jv2 (Additional) - Coefficient Status min-min-dis 2m . VALUE <=50m
+/ (v3+v6iv3 (Additional) - Coefficient Status min-min-dis 4m A VALUE <= 50m
X Rore - Coefficient Status dis-min-min 1.069 N - s
/ v2 - Coefficient Status dis-min-min 2%9myv 572.5%  VAWE>=40mv
+/ delta_v2 (Additional) - Coefficient Status dis-min-min 8mv 30.0% VALUE <= 40 mv
X delta_v3 (Additional) - Coefficient Status dis-min-min s2mv I s <=0y
/ (v1+v4)jv1 (Additional) - Coefficient Status dis-min-min 36m 28.0% VALUE <=50m
 (v2+vSijv2 (Additonal) - Coefficent Status dis-min-min 2m 42.0% VALUE <=50m
o (v3+v6]/v3 (Additonal) - Coefficent Status dis-min-min 3m 34.0% VALUE <=50m
@ v1Resilt 292mv Information Only
@ v2Realt 270 my Information Only L’_'.J
| Details: (vi+v4)/v1 (Additional) - Coefficient Status dis-max-dis

 Tralt |

Parameter [ veive [

Pass Limits <=50m

Parameter Tested (v1+v4)/v1 Coefficient Status - c(1)disabled, c(0)maximum, c(-1)disabled

Actual Vaue 37m

[Referenced Values:

Waveforn Src CHaNnel+

v1iMessuement for (vi+v4)/v1  (Seeimage)

vé4Measurement for (v14v4)v1  (See image)

Figure b. The Ethernet backplane 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.

File View Tocls Help
DeWl #ir|as
SetUp | Select Tests | Configure | Comnect | Run Tests | Automation | Resuits Heml Report |
10Gbase KR App Test Report A
=
Overall Result:
| TestConfigurationDetails
[ DeviceDescripon
[SpeedGrade T aiTests
| TestSessionDetails
nfiniium SW Version | o< 20,0005
infiniitim Model Number | 050312044
infniium Serial flumber 11 /<22:021
Application SV Version 05 <012
DebugModeUsed T
|Compliance Limits (official) 10Gbase KR Test Limt
AR AR AN >0 ~-0%>7 v 0@ 00 177 50
Summary of Results
Test statistics
Failed
Passed| 2 |
Total| &7 |
Mergin Thresholds
Wiarning| <2%
____IRE2
Pase rFailed # Trisle TestMame  ActualVale  Margin Pacelimie
[v fo 1 ifferential k Outou: Test with amv 857%  |VALUE<=30mv
9720 o - valgetzov
[v fo 1 [Data Rate ltean 10312670000 Gbps[¢1.8% [10.311468750 Gbps <= VALUE <= 10.313531250 Gbps|
e me -

Figure 6. The backplane 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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Reports with Margin Analysis

File View Tools Help
D= wiir | R&

Task Flow _| et Up | Select Tests | Configure | Connect | Run Tests | Automation | Resuits Htmi Report |

=
Setlp Differential Peak to Peak Output Voltage Test with TX disabled
Reference: 802 3ap-2007_KR Spec
’ " o
Select Tests Pass Limi 20 mv | | Differential Voltage

Result Details
Waveform Sre| CHANnel
Configure Trial 1
Trial 1: Diff | Voltags

Connect

Run Tests

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

Summary of Results

Test Statistics
Failed| EXJ
Passed
Total

Margin Threstolds
Warning| <2 %
0%

<0%

Pass # Failed # Trials Test Name Actual Value Margin Pass Limits

v/ [0 6 |VALUE <= 30 mv

) 493%  VALUE<=1200v

J o 10.312670000 GI : 3 0 Gbps <= VALUE <= 10.313531250 Gbps
Al 1 mul VALU <~ 150 mUI

v [0 23 mul 'VALUE <= 150 mUI

/o 18 mul VALUE <= 35 mUI

[0 VALUE mul

x it SN 2 000 ps <= VALUE <= 47.000 ps
X ) VALUE <= 47.000 ps
X -20.000 mv <= VALUE <= -5,000 mv
X N : <00 - <= VALUE <= 20.000 my
X 1 .000 mv <= VALUE <= 20.000 mv
X | 0 mv <= VALUE <= 20.000 mv
X 1 -20.000 mv <= VALUE <= -5.000 mv
X |1 256 E <= -5.000 mv
x |h ¥1 - Coefficient hold-inchi 48 v .00 mv <= VALUE <= 20.000 mv
X 1 55 0 mv <= VALUE <= 20.000 mv
X 1 ¥3- Coef! h h B1pv .00 mv <= VALUE <= 20.000 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.
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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... K 0% |
Open Project...

!’esisl Conﬁgurel Connectl Ru
Save Project JActual val_| Margin_| Pass Limi
Save Project As...

Export Results »

Print...

Page Setup...
Print Preview...
Recent Projects

Exit

Figure 9. Importing a UDA Add-In into your test application.

Select Tests | Configure | Connect | Run Tests

O All Tests
--[J O Electrical Tests
@-[JO Timing Tests
=M O User Defined
-[M O My Custom Test
[ O My Custom Step
MO My Post-processing Step
[E O My External Instrument Control

IS’
-~
c
o

(]

[+

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


http://www.agilent.com/find/uda
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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.

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

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 | Resuits | Heml Report | ]

Compliance App + Automation Engine

Execute commands from: (¢ Script (" Files Start | Settings... |
© Custom Test/Steps
Commands... I ==z Configure signal data rate == A I © Post processing | N
SetConfig TestMode' '6Gbps’ —_ VAN

UDA Add-in
© DUT control
© Instrument control

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 A 4

Pattern =
= Run custom analysis using Matlab through Add-In == Generator
SelectedTest -2001
Runl
| =
<l >

Figure 11. Remote Programming script in the Automation tab.

ﬁ Live Signals

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


http://www.keysight.com/find/scope-apps-sw
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40GBASE-KR4 Switch Matrix Option

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 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.

Switched Matrix Hardware
Keysight U3020A S26 or BitifEye BIT2100

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

File View |Tools| Help

D d 1 Compliance limits »
Infiniium b | =———
ke - - re | Connect | Run Tests |
Switch Matrix... e
SetUp argin_| Pass Limits
Configure Switch Matrix Settings*
" Off & On

Controller I Signal Paths I

—Configuration Mode
& Automatically select drivers and paths (limited models)
" Manually perform these tasks (any supported model)
Switch Drivers
Model: | Keysight U3020A 526

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

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


http://www.keysight.com/find/switching
http://literature.cdn.keysight.com/litweb/pdf/5991-2375EN
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Oscilloscope Compatibility

The N8814A backplane Ethernet software will run on:

- 90000A Series, version 4.20 or higher
- 90000 X-Series, version 4.20 or higher

The minimum recommended bandwidth models and probes are shown below. For oscilloscopes with earlier software
revisions, upgrade software is available at: http://www.keysight.com/find/infiniium_software.

Table 1.
Bandwidth of Bandwidth of

Recommended recommended recommended

Data rate Standard oscilloscope oscilloscope Recommended probe  probe

10 Gb/s T0GBASE-KR DSO/DSAX92504A 25 GHz N2802A 25 GHz
DSO/DSAX92804A 28 GHz N2803A 30 GHz
DSO/DSAX93204A 32 GHz N2803A 30 GHz
DSO/DSAX93304Q 33 GHz N2803A 30GHz
DS0/DSAX95004Q 50 GHz N2803A 30 GHz
DS0/DSAX96204Q 62 GHz N2803A 30 GHz

N8814A T0GBASE-KR backplane Ethernet compliance tests based on the IEEE 802.3ap specification.

Table 2. N8814A 10GBASE-KR Backplane Ethernet electrical tests performed by the N8814A software.

Standard reference

Description

- IEEE 802.3ap, 72.7.1.3, Table 72-6

Signaling speed

- |EEE 802.3ap, 72.7.1.4, Table 72-6

Differential peak-to-peak output voltage (maximum)

- IEEE 802.3ap, 72.6.5, Table 72-6

Differential peak-to-peak output voltage (maximum) with TX disabled

- IEEE 802.3ap, 72.7.1.4, Table 72-6

Common-mode voltage limits

- |EEE 802.3ap, 72.7.1.5, Table 72-6

Differential output return loss (minimum)

- IEEE 802.3ap, 72.7.1.6, Table 72-6

Common-made output return loss (minimum)

- IEEE 802.3ap, 72.7.1.7, Table 72-6

Transition time (20 to 80%)

- |EEE 802.3ap, 72.7.1.8, Table 72-6

Maximum output jitter (peak-to-peak)
Random jitter

Deterministic jitter

Duty cycle distortion

Total jitter

- |EEE 802.3ap, 72.7.1.11, Figure 72-12

Transmitter output waveform requirements

- |EEE 802.3ap, Table 72-7

Transmitter output waveform requirements related to coefficient update

- |EEE 802.3ap, Table 72-8

Transmitter output waveform requirements related to coefficient status



http://www.keysight.com/find/infiniium_software
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Measurement Requirements

To use the N8814A 10GBASE-KR Ethernet backplane electrical performance validation and conformance software on
your Infiniium oscilloscope, you will need oscilloscope probes, probe heads, and other test accessories depending on the
Ethernet standard and test suites you want to perform.

Ordering Information

The following products are used in the total solution for N8814A T0GBASE-KR and 40BASE-KR4 Backplane Ethernet
testing solution.

Model number Description

N8814A User-installed license

Option 074 Factory-installed license on 90000 Series oscilloscopes
N5435A Option 059 Server-based license for 90000 Series oscilloscopes
N2802A 25 GHz InfiniiMax Il Series probe amplifier or

N2836A InfiniiMax Il Series 26 GHz solder-in probe head

40GBASE-KR4 switch matrix option

DSOX90000-706 Switch matrix option installed part number
DS090000-706 Switch matrix option installed part number
N5435A-706 Switch matrix option server-based license
Option 1FP T0GBASE-KR option

Option 7FP 40GBASE-KR4 switch matrix option

SMA cables required for switch matrix

measurements

Related Keysight Literature

Publication title Pub number
Infiniium 90000 Series Oscilloscopes - Data Sheet 5989-7819EN
Keysight N5435A Infiniium Server-Based License for Infiniium Oscilloscopes - Data Sheet 5989-6937EN
E2688A, N5384A High-Speed Serial Data Analysis and Clock Recovery Software for Infiniium Oscilloscopes - 5989-0108EN
Data Sheet

Infiniium 9000 Series Oscilloscopes - Data Sheet 5990-3746EN

Infiniium 90000 X-Series Oscilloscopes - Data Sheet 5990-5271EN



http://literature.cdn.keysight.com/litweb/pdf/5989-7819EN
http://literature.cdn.keysight.com/litweb/pdf/5989-7819EN
http://literature.cdn.keysight.com/litweb/pdf/5989-6937EN
http://literature.cdn.keysight.com/litweb/pdf/5989-6937EN
http://literature.cdn.keysight.com/litweb/pdf/5989-0108EN
http://literature.cdn.keysight.com/litweb/pdf/5989-0108EN
http://literature.cdn.keysight.com/litweb/pdf/5989-0108EN
http://literature.cdn.keysight.com/litweb/pdf/5990-3746EN
http://literature.cdn.keysight.com/litweb/pdf/5990-3746EN
http://literature.cdn.keysight.com/litweb/pdf/5990-5271EN
http://literature.cdn.keysight.com/litweb/pdf/5990-5271EN
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(65) 6375 8100

0800 001122
0800 58580
0800 523252
0805 980333
0800 6270999
1800 832700
1809 343051
800 599100
+32 800 58580
0800 0233200
8800 5009286
0800 000154
0200 882255
0800 805353
Opt. 1 (DE)
Opt. 2 (FR)
Opt. 3 (IT)
0800 0260637

For other unlisted countries:
www.keysight.com/find/contactus
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