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Introduction

More and more industry and standards bodies have adopted pulse amplitude modulation 4-level (PAM4) to
increase throughput within a given bandwidth compared to Non-Return-to -Zero (NRZ) technology.

Working groups within the IEEE802.3bs and IEEE802.3cd are one such group that has adapted PAM4
technology.

Transform complexity into simplicity

The Keysight N6472A IEEE802.3bs/cd compliance application for Infiniium real-time oscilloscopes saves you
time and money by automating the task of preforming PAM4 and NRZ compliance measurements.

The N6472A IEEE802.3bs/cd compliance application for Infiniium real-time oscilloscopes is an easy-to-use
oscilloscope application that:

Saves time in understanding details of standards

- Reduces the time it takes to characterize your PAM4 and NRZ design from hours to minutes
Helps debug your device using custom configurations

Allows you to quickly generate early HTML reports summarizing your device characteristics



03 | Keysight | N6472A IEEE802.3bs/cd Compliance Application For Infiniium Z-Series Oscilloscopes - Data Sheet

Debug and Verify Your Designs Quickly and Easily

Select your measurement tools

Choose from a wide array of high performance real-time oscilloscopes supporting

up to 63 GHz and 160 GSa/s with the lowest noise floor in the industry. The N6472A
IEEEB02.3bs/cd compliance application can be configured to measure the S-parameters
of your device under test as well as control vector network analyzers (VNA) to measure
return loss.
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Select the desired test suite

The N6472A IEEE802.3bs/cd compliance application covers PAM4 and NRZ transmitter
measurements outlined in IEEE802.3bs and IEEE802.3cd specifications. The tests are
sorted conveniently by clause. Click on the desired test group, and the appropriate tests
are offered in Select Tests (factory-installed options shown).

Standard Option
O 200GAUI-x and 400GAUI-x
@ Laul-2
@ 50GAUI-x and 100GAUI-x

@ 50GBASE-CR, 100GBASE-CR2, and 200GBASE-CR

@ 50GBASE-KR, 100GBASE-KR2, and 200GBASE-KR4

N6472A-1FP performs PAM4 and NRZ transmitter tests outlined in:

- |EEE P802.3bs, Annex 120D, CDAUI-8 chip-to-chip

- |EEE P802.3bs, Annex 120E, CDAUI-8 chip-to-module

- |EEE P802.3cd, Clause 135B.3.1 LAUI-2 chip-to chip

- |EEE P802.3cd, Clause 135D.3.1 50GAUI-x and T00GAUI-x chip-to chip

- |EEE P802.3cd, Clause 136A.2 50GAUI-CR and 100GAUI-CR2 and 200GBASE-CR4
chip-to chip

- |EEE P802.3cd, Clause 137.9.2 50GAUI-KR and T00GAUI-KR2 and 200GBASE-KR4
chip-to chip
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Configure your measurements

Customize parameters that are specific to your setup, such as signaling rate and
attenuation. Use default values or enter your own settings including number of wave-
forms taken, type of pattern, and pattern symbol length. Choose Normal mode to test
within limits, or choose Debug mode to test to your custom limits and adjust other test
parameters.

File View Tools Help
Set Up | Select Tests | Configure | Connect | Run | Automate | Results | HTML Report

Mode: © Compliance @ Debug

PAM4 IEEE Tests

Signaling Rate (26.5625e9)

Eye Height/Width Probability (1e-6)

Np (200)

Dp (2)

Nb (10)

Pattern for Averaging (Auto)

Clock Recovery Method (First Order PLL)

Loop Bandwidth (4e6)

Damping Factor (1)

Scope Response (4th Order Bessel)

Scope Response 3dB frequency (33GHz)

Use Optimized CTLE for Eye Opening. (Off)

Save Tested Waveforms (No)

Select Waveform Directory (C:\Temp\KRwfm)

Utilities
Start value for CTLE utility for Eye Opening (1dB)
Stop value for CTLE utility for Eye Opening (9dB)

FUANDIANOD

Choose your tests

The N6472A IEEE802.3bs/cd compliance application provides comprehensive coverage
of all PAM4 and NRZ and NRZ tests that are specific to the clause you are testing. You
may click on all available tests, a group of tests, or select individual tests to run. The
full test name appears in the test list and is also shown in the test results and reports. A
description of the test and reference to the Standard/IA is shown for each test.

Eye voltage measurements

Output Voltage Measurements EYE TPOa (pattern: PRBS13Q)
Level - PRBS pattern
Level RMS - PRBS pattern
Level Separation Mismatch Ratio - RLM

Output waveform measurements

Output Waveform Measurements TPOa (pattern: PRBS13Q)
Steady-State Voltage Vf
Linear Fit Pulse Peak

Signal-to-noise-and-distortion ratio
Transmitter Output residual ratio SNRISI
Pre and Post Equalization Tests




05 | Keysight | N6472A IEEE802.3bs/cd Compliance Application For Infiniium Z-Series Oscilloscopes - Data Sheet

Jitter and signaling rate measurements

Jitter and Signaling Rate Measurements TPOa (pattern: PRBS13Q)
Signaling Rate
JRMS

4

Even-Odd Jitter

Main voltage measurements

Main Voltage Measurements TPOa (pattern: PRBS13Q)
Differential Peak to Peak Output Voltage Test with TX disabled
DC Common Mode Output Voltage Test
AC Common Mode Output Voltage Test
Differential Peak to Peak Output Voltage Test

Automated return loss measurements

When used in conjunction with an ENA or PNA vector network analyzer, the N6472A
IEEEB02.3bs/cd compliance application performs differential and common mode return
loss measurements.

Return Loss PNA/ENA Measurements
Differential Output Return Loss

Common-mode Output Return Loss
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Guided connection diagrams for easy setup

Simply follow the steps to connect and configure your device under test and click Run
Tests. The N6472A IEEE802.3bs/cd compliance application automatically configures and
controls your supported Infiniium real-time oscilloscope.

File View Tools Help
D@l "™y

Task Flow__| "SetUp | Select Tests | Configure  Connect IRun Tests | Automation | Results | Himl Report |

Instructions for Connection: Tx Disabled Connection
SetUy
2 30 tests will -~
be run. Please pay attention to the scope connection
4 different

Select Tests g:t'j;‘:"m o Disable Tx for this test
be used. o Connect the scope to the DUT Signals as follows:
The first
Somn. | Chamdl I
Confxs Vet DUT+
Followthese  Ve_: GND
instructions
to start
L Channel 3:
Ve+:DUT-
¢ Ve-: GND

Run Tests

Transmitter
Under Test

RunTests | [~ Suppress all connection prompts

| @ 30Tests  Follow instructions to connect the DUT, then press [Start]  [Connection: Tx Disabled Connection

File View Tools Help

Set Up |Sele:t Tests | Ci ure | Connect | Run
A

‘ Run ‘ Pause
-Sequencer

Run tests| Once[z]]
~Event

B Detect events
- Store Mode

During run, store details for| Werst trials (up to 25)

Ed | [ Send email when run is paused or stopped

Summary:
= Run tests once

- Stors detalls for up to 25 worst trials (margin)

[ Messages
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More Features Streamline Development

Generate reports

Your team members and your customers are interested in the performance of your
device. Share a test results report with them that shows the test conditions, summary
of pass/fail, summary of all tests, and details for each test. Many include a test-specific
screen shot of the measured parameter.

KEYSIGHT

Test Report

Overall Result:

Test Configuration Details

Device Description
Measurement Opion | 200GAULx and 400GAULx
Signal Type paus.
Channel Pair RealEdge
Lane Number Laneo
Voumay report

Test Session Details
infinium SWVersion 6205270

nfiniium Model Number 0S0Z634A

infiniium Serial Number. 1o Serial

Rpplication SW Version! 0.99 9016.0

DebugModeUsed 1o

Compliance Limits. | PAN-4 200GAU 400GAUI Test i (officia
Last Test Date. 12018-02.25 13:36:36 UTC 07:00

Summary of Results

Test Satisics
Failed| B
Passea 8
Total| 1t
‘Margin Thresholds.
Warning| <5%
0%
Pass # Faild # Triis Test Name ActusiValve  Margin Pass Limita
/o 1 ‘Signaling Rate 499%
0 1 JRMS 166 mul 27.8% VALUE <=23.0 mUl
X o0 w mionu [ VAL - 11800
S0 i ‘Even-0dd Jitier 800 Ul 95.8% VALUE <= 19.0 mUl
® 1 Level - PRES patter 35200 mv Information Oy
® 1 LevelRMS - PRBS patiem 000000V Information Only
X 11 LevelSeparaton Misnatch Rato- LM 94727 m T ALk - 55000
200 1 ‘Steady-State Vottage Vi 4s0mv 40.0% 400 mV <= VALUE <= 600mV.
/0 1 nearFapusepesk sy 403,0 % VALUE »= Lnearin ¥
70 1 Sgmonossanddsiodonrato 269108 38% VALUE»-3150008
X 1 1 [Tansoterouputressuairavo s sezroce [ vALvE >- 343008

Control your device or other equipment

The Automation tab enables you to enter commands to control external devices or
equipment, and to further sequence your tests or control timing.

File View Tools Help
Set Up | Select Tests | Configure
Execute commands from: © Script @ Files \StTrtHSettTgS-
\M‘ Create Autom: Commands
‘% Create: () Single Command @@ Entire Script
Choose menu or application tab and select desired action:
File Menu | Set Up Tab | Select Tests Tab | Configure Tab | Connect Tab | Run Tab
@ Open Project from Default Location @ Save Project to Default Location
@ Open Project from Ancther Location @ Save Project to Another Location
@ Sstart New Project

Automation command(s):

>
c
-
o
=
>
=
m

B Include instructions as Comments (lines starting with #)

Copy to Clipboard||Append to Script|[More InFoHCIose}
]

Command status:
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Flexible licensing and VNA control for return loss measurements

The N6472A IEEE802.3bs/cd compliance application can be licensed to enable a single
dedicated oscilloscope for you to use in your lab, or you can purchase a server-based
license, which allows you to check out a license that can be used on any supported
oscilloscope that is. In addition, for return loss measurements, the N6472A IEEE802.3bs/
cd compliance application can control an ENA/PNA vector network analyzer to perform
measurements automatically.
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Oscilloscope compatibility

Oscilloscopes Software Revision
Keysight Infiniium Z-Series 6.2 or higher

Ordering instructions

The N6472A IEEE802.3bs/cd compliance application is available as an option when you
order a Keysight Z-Series oscilloscope. It is also available as a standalone license that is
assigned by the user to a single Infiniium oscilloscope, or may be ordered as a transport-
able license (-1TP) that can be moved by the user from one instrument (or PC) to another.
To purchase the N6472A IEEE802.3bs/cd compliance application with a new Infiniium
oscilloscope, please order the option indicated in the following table.

License options: IEEE802.3bs/cd compliance

License Type Infiniium Z-Series  Infiniium Offline
N6472A Compliance Fixed Factory-installed NB472A-1FP
Application User-installed N6472A-1FP
Floating ~ Transportable NB472A-1TP N6472A-1TP
Server-based N5435A-130

Required software options

The N6472A requires that the E2688A serial data analysis package, N8823B EZJIT
complete and the N8827A PAM4 analysis software also be licensed on the platform.

If users wish to perform optional features such as equilization and de-embeddeing the
N5461B Infiniium Serial Data Equalization and N5465B InfiniiSim Waveform Transforma-
tion Toolset must also be licensed to the platform.

If you are using the N8900A Infiniium Offline software with the N6472A, then N8900-
006 and N8900-002 must also be licensed in addition to the appropriate N6472A
software option indicated in the above table.
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Evolving Since 1939

Our unigue combination of hardware, software, services, and people can help you
reach your next breakthrough. We are unlocking the future of technology.
From Hewlett-Packard to Agilent to Keysight.

myKeysight

KEYSIGHT SERVICES
Accelerate Technology Adoption.
Lower costs.

ASSURANCE PLANS

myKeysight
www.keysight.com/find/mykeysight
A personalized view into the information most relevant to you.

http://www.keysight.com/find/emt_product_registration
Register your products to get up-to-date product information and
find warranty information.

Keysight Services

www.keysight.com/find/service

Keysight Services can help from acquisition to renewal across your
instrument’s lifecycle. Our comprehensive service offerings—one-
stop calibration, repair, asset management, technology refresh,
consulting, training and more—helps you improve product quality
and lower costs.

Keysight Assurance Plans
www.keysight.com/find/AssurancePlans

Up to ten years of protection and no budgetary surprises to ensure
your instruments are operating to specification, so you can rely on
accurate measurements.

Keysight Channel Partners
www.keysight.com/find/channelpartners

Get the best of both worlds: Keysight's measurement expertise and
product breadth, combined with channel partner convenience.

KEYSIGHT

TECHNOLOGIES

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

Americas
Canada (877) 894 4414
Brazil 55113351 7010
Mexico 001 800 254 2440
United States (800) 829 4444
Asia Pacific
Australia 1800 629 485
China 8008100189
Hong Kong 800 938 693
India 180011 2626
Japan 0120 (421) 345
Korea 080 769 0800
Malaysia 1800 888 848
Singapore 18003758100
Taiwan 0800 047 866
Other AP Countries (65) 63758100
Europe & Middle East
Austria 0800 001122
Belgium 0800 58580
Finland 0800 523252
France 0805 980333
Germany 0800 6270999
Ireland 1800 832700
Israel 1809 343051
[taly 800599100
Luxembourg +32 800 58580
Netherlands 0800 0233200
Russia 8800 5009286
Spain 800 000154
Sweden 0200 882255
Switzerland 0800 805353
Opt. 1 (DE)
Opt. 2 (FR)
Opt. 3(IT)
United Kingdom 0800 0260637

For other unlisted countries:
www.keysight.com/find/contactus
(BP-9-7-17)

R ified
IS lanagement System
www.keysight.com/go/quality
Keysight Technologies, Inc.

DEKRA Certified 1ISO 9001:2015
Quality Management System
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