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D9020ASIA is intended for any customer working in high speed
digital applications where eyes are closed. Equalization, InfiniiSim,
and Crosstalk/Power Integrity packages enable deep analysis as to
why an eye is closed, and what it will take to open it. It is available

on all Infinilum oscilloscopes.
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Background: Why Equalize?

As data rates go up, the signal deteriorates from the transmitter to the receiver due to ISI, noise, and other
factors. The more | oss that occurs, the more diffic
a A00. A high data rate coupled with a |l ossy <ch
the receiver. Receivers need to be able to evaluate 1s and Os. As eyes get more and more closed, the
receiver has a more difficult time interpreting the correct value as a 1 or a 0. This difficulty ultimately leads
to significant data corruption and errors. Equalization uses advanced filtering techniques to correct the
voltage level of the current bit. By removing much of the intersymbol interference through filtering,
equalization can improve closed eyes into open eyes and significantly reduce the data corruption. The
equalization software provide s i nsi ght i nto designers6é equalize
channel link after equalization.

It is also important to use an oscilloscope with low noise. If an oscilloscope has the lowest noise, the
equalization technique will open the eye wider. Keep in mind that equalization will amplify any noise not
caused by ISI, whichincludesos ci | |l oscope noi se. I nfiniium osci
floor, so there is much less noise to be amplified. This results in greater equalization accuracy.

Equalization requires the oscilloscope to know where the clock transitions. Clock data recovery allows the
scope to know where the transition occurs, making equalization possible. Full clock data recovery can only
be found in the serial data analysis software package, which is standard on any Infinilum oscilloscope with
software 6.30 or greater.

Product Overview

The Keysight Technologies, Inc. serial data equalization (SDE) software for Infinilum Series oscilloscopes
provides fast and accurate equalization simulating decision feedback equalization (DFE), feed-forward
equalization (FFE), and continuous time linear equalization (CTLE) modeling in real time. SDE software
allows users to input their own self-designated tap values or it will find the optimal tap values for the designer
for FFE and DFE. CTLE allows DC gain and up to three-pole modeling.

ul t it i
annel W |

r desig

'l oscop

Used in conjunction with the I nfiniium Series scopesbo

software provides fast update rates and rapid analysis of real-time eyes that have been partially or fully
closed by the serial data link. The SDE software package includes a wizard that provides an easy-to-follow,
step-by-step process to set up and emulate full equalization. D9020ASIA is compatible with all Infiniium
oscilloscopes with software 6.30 or higher.

ISI and noise added by the channels

Noise

\ 4

Equalizer Receiver

Clean sinal

Figure 1. A complete link.
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Serial Data Equalization
Easy equalization setup

The serial data equalization software Equalization
extends the ease-of-use advantages of | Sewester= Select the signal to equalize
i 0 PN LED (ohonnets )
K © y S g h t 0s l n f rnitun Confiauraten Select configuration in upper or only grid

Secondary

complete analysis of the receiver. The j’ﬂ”f:;jjjgw L ] [ TY || Siznizy Fre waveform. No Real
equalization wizard walks you quickly et .gésuﬂﬁgamgfmm no
through the steps required to setup and FFE/CTLE Setup Disolay waveform with no
o o . DFE Setup ® | NI o EETm § el | caualization. FTE only used for

perform equalization. Intuitive displays and congrataletions i

. . . . ——————— e Display waveform with FFE as a
clear labeling of information make it easy to Real Time Eve.
perform complex equalization emulation. [ Display waveform with DT

P —

The SDE wizard walks you through seven
different equalization scenarios.

DFE Display waveform with DFE, use
w+ FFE toc open the eye for clock

recovery.

i Display waveform with DFE

1. FFE or CTLE are emulated, but the real R o1 v FFE 1 a0 spplie.
time eye is not displayed. You will see only
the waveform. This option lets you use the
equalized waveform to perform further Figure 2. Equalization options in the wizard.
analysis on it such as jitter decompensation.

| cCancel | [ < Back || Next > Finish

2. No equalization applied. Option 2 is to see the eye with no equalization applied. The option works great
for comparing the impact of different equalization techniques.

3. FFE or CTLE are applied only to recover the clock, and the referenced eye is un-equalized. As real time
eyes get closer to being fully closed, it can be difficult for the software to recover a clock because it can be
difficult to distinguish between a 1 and 0 and provide the correct data rate. This option makes it possible to
easily recover the clock, even on closed eyes.

4. FFE or CTLE emulation.

5. Standard DFE emulation. One caveat for this option is that if your real time eye is closed, the DFE will
not work correctly. You will need to use the next option to use FFE or CTLE to open the eye a little bit and
then use DFE.

6. Standard DFE emulation for a closed eye. Note that FFE or CTLE is used to recover the clock but is not
displayed in the real time eye.

7. FFE and then DFE is applied to the real time eye. Both are displayed in the resulting real time eye.



CTLE, FFE and DFE Emulation

The SDE software provides full emulation of decision
feedback, feed-forward, and continuous time linear
equalization. The software provides the flexibility to compare
real time eyes of a non-equalized waveform versus an
equalized waveform, or to compare a DFE waveform versus
an FFE or CTLE waveform.

SDE software allows you to quickly compare different tap
values. Tap values are dimensionless correction factors
applied to the bit voltage levels in serial data patterns during
equalization. Tap values can be viewed as the ratio of the
voltage the receiver should have seen versus what the receiver
actually saw. Accurate tap values are essential for modeling an
ideal real time eye at the receiver. Serial data equalization
software will save you time by modeling up to forty tap values
for you. In addition to this, you can use the serial data
equalization software package to find what combination of tap
values will maximize eye height. SDE software provides
precursor tap functionality for FFE emulation.

Serial data equalization provides multiple inputs including an
feye widtho option that opt
whether the designer wants a wider or higher eye. Unlike some
equalization emulation packages, serial data equalization
works on any pattern and the software does not need to know
the pattern the designer is using.

Continuous Time Linear Equalization (CTLE)

Many of t dadsrequse C3ULEaspart of compliance
testing. SDE software makes verifying emulation easy. Simply
enter your DC gain value, zero frequency, and polel and pole2
frequency values to verify your design. Serial data equalization
al so supportscfiJIBE. 3. 16s spe

Flexible clockaovery

Choose constant-frequency, first-order phase-locked loop
(PLL), second-order PLL clock recovery, explicit clock, explicit
first order PLL, explicit second order PLL or FibreChannel
clock recovery methods. Adjust the center frequency and
bandwidth, and in the case of second-order PLL, the damping
factor.

New to the equalization software is the equalized first and
second order PLL, which allows you to recover the clock on a
closed eye. This is accomplished by first applying FFE or CTLE
to the waveform and then recovering the clock, making clock
recovery possible even on closed eyes.

Configure Linear Equalization.
Linear Equalization

Setup Steps:
Primary
Cenfiguration

sacondary
Cenfiguration

O e @cne

Data Rate
Clock Recovery [2.500000000 Gb/s
Thresholds
Acauisition EALEL #ef
FFE/CTLE Setup 0

DFE Setup

Cengratulations

[“Cancel | [ < Back || Next > | Finish

Figure 3. Linear equalization setup in the
wizard.
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Figure 5. Serial data equalization supports both
r2— and 3-pole CTLE.
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Figure 6. Clock recovery set up.
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Crosstalk Analysis
Why is this important?

Increased data communication speeds and circuit density of mobile devices has led to very high serial data
rates on multiple lanes, placed very close together. This combination leads to an increased amount of
crosstalk distortion between serial data signals. As a result, crosstalk is becoming a more important problem
to diagnose and quantify. Integrated circuit power supplies are also increasingly susceptible to crosstalk at
these higher serial data rates. Simultaneous switching noise (SSN) and ground bounce from serial data
signals and switching power supplies can create perturbations on the supplies that distort the data lanes
they drive in the form of noise and jitter.

The need to troubleshoot and characterize crosstalk is not new, but the legacy methods of measuring
crosstalk in digital communications systems has relied on the process of selectively disabling some
channels while enabling others. This requires measuring the crosstalk effects in the system while operating
in special test modes, which means measuring them under abnormal conditions. Worse yet, some systems
cannot even operate the necessary special modes.
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Our solution

Keysight has developed a crosstalk analysis application to assist in the diagnosis and quantification of
crosstalk that does not require the system under test to operate in any special test modes. The application
works by constructing optimal models of the crosstalk mechanisms between multiple measured signals.
The user, for example, can acquire up four signals simultaneously of a running system and then configure
the application to calculate the optimal crosstalk models between them. Once these models are known,
various victim signals can be displayed with and without the crosstalk from each aggressor. In this way,
noise, jitter and eye-diagram measurements can be made on the victim with and without crosstalk to
guantify the amount each aggressor contributes to each of these measurement values.

The application not only detects and quantifies the presence of crosstalk, but it can also determine the
relative magnitude of error each aggressor imparts to the victim. It can also go one step further by actually
removing the crosstalk from the victim so you can visually compare the original waveform with the clean
waveform side-by-side. You can compare

the Abeforeo and iaf ECREEES

on the scope display or by comparing the |Setup Wizard... ; \d||Advanced Configuration...|

results from other scope analysis tools 4 Enable

such as real-time eye diagrams or jitter (K AR VRS @RV LD

analysis. This approach gives you a direct Name:Snurce: channel 1 (W)

way of quantifying the amount of This signal is a Victim Vertical
improvement you can expect by mitigating B This signal is an Aggressor © Automatic @ Manual
the different sources of crosstalk. Signal Type
. . . Serial Data
The crosstalk analysis application can Pattern
provide a lot of valuable insight into your © Periodic @ Arbitrary p VIO
design. For instance, it can hel ou
q 9 ) h ] he desi Py Id uto Length Contributors
etermlne_t e marngt € design wou I Y " A | Select signals to remove their crosstalk
recover without the crosstalk. It can also —_— Name Signal Type
. . . . . Clock Recovery...

help determine if a signal failing design —— © Aggri |serial D.

e . . Thresholds. .. § -
specification would pass without the S — .m ———d

crosstalk. This approach can lead to @ Aggr3  ||Other
important design decisions on whether it T e EEESSSeeeeee==
is worth the time and effort to improve the Figure 7. Keysight crosstalk analysis application for analyzing serial
crosstalk effect and where in the board to  data, power supply and other sources of crosstalk effect to the victim

make improvements. signal. Up to four signals can be analyzed at once.

Features of the crosstalk analysis application include:

1 Analysis of up to four signals (aggressors or victims) at once.

9 No crosstalk simulation or model is required when performing crosstalk analysis.

1 Identify and report the amount of crosstalk present on victims from each aggressor.

1 Plot waveforms without crosstalk. Compare them with the original waveforms using scope tools
such as eye diagram and jitter separation to see how much margin can be recovered.

1 Setup wizard to guide user through setting up the aggressors and victims and running the crosstalk
analysis.



Types ofrosstalk
Transmission line crdg&sta

Parallel transmission lines are prime candidates for crosstalk. The mutual inductance and capacitance

between them allows energy to couple from one lane into another. The voltage generated by capacitive

coupling creates a current that travels in both directions, whereas the inductive coupling creates a current

that travels only in the reverse direction. When added together, the two currents reinforce each other in the

reverse direction but cancel each other out (at least to some extent) in the forward direction. The reverse
traveling wave returns back t o tehned 0t rcarnossnsittatl ekr (eNEIX Tan
forward traveling wave arriveseatdotbeossetcel keftFEXT) andl
and shape of these waveforms are quite different from each other.

Power supply aggressor crosstalk

Power supplies can also be a significant source of interference on a data line, creating both noise and jitter.

This type of interference may snhnmpstyg, bebuefetsedffeoects
traditional crosstalk, and so it is straightforward to think of a power supply as just another source of

crosstalk.

Noise and voltage drift in a power supply can affect the timing of the serial data waveforms they are driving.
Timing errors can occur through a number of different mechanisms, such as phase changes which are
caused by voltage-dependent driver impedances and frequency changes caused by voltage-controlled
oscillators. The resulting jitter is called power supply induced jitter (PSI1J).

In another case, the power supply may be directly connected to the transmission line when the logic level
switches to that value. Noise and bias on the voltage rail can therefore transfer directly to the bit stream.
While this seems straightforward, it is more complicated than the parallel transmission line case. The
interference may be present only when the bit stream is at a particular logic level (for Vcc aggressors it
might present only when the logic level is high, whereas for GND aggressors it might present only when
the logic level is low). It is therefore possible to have the high voltage bits experience a lot of noise while
the low bits have little (or vice versa). This is a non-linear (or voltage-dependent) type of interference.

Power supply victim crosstalk

The signal integrity of power supply voltages (including ground) can be affected by the circuits they are

driving. One common example of this is simultaneous switching noise (SSN), which can produce ground

bounce (the Vcc r ai l can also fibounced and may be referred |
parasitic inductances that lie between the device (chip) ground and the system (board) ground.

As the voltage on the output changes state, it draws a current through the switching transistors. As that
current flows to ground, it causes a voltage drop across the parasitic inductances. That voltage drop in turn
changes the voltage you would measure at the device ground. The voltage measured there may bounce
up and down in correlation with data transitions. The effect is amplified when more than one line is switching
states at the same time since this will draw more current. In addition, depending on the impedance and the
various switching delays, the ground bounce may appear to have a ringing effect as well.
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Crosstalkatworknodels

The crosstalk application constructs different types of crosstalk models from the measured waveforms
depending on the victim and aggressor signal types. In the simplest case, when both victim and aggressor
are serial data signals, the model is a linear n-port transfer function model. Figure 2 is simple example of a
2-channel serial data system. Physically, the transmission system consists of two transmitters, two
receivers and a 4-port linear network model connected between them. Probing the two serial data channels
provides the input waveforms to the crosstalk application.

The application begins analyzing the waveforms by extracting the serial clock and data pattern of each. It

then uses the ideal data pattern as input to the 4-port linear crosstalk model shown in figure 3. It computes

the best-fit transfer function model, which transforms the ideal waveforms into the actual measured
waveforms. Within the model, h11l and h22 representthe signal 6 s | S| while h21 and
coupling or crosstalk between the two signals. This approach allows the crosstalk analysis application to

remove the effect of either the crosstalk, I1SI or both crosstalk and ISI from the measured waveforms.

Figure 8. A 4-port network model for two parallel transmission lines. The black dots show
possible probe locations at the far end.

Figure 9. The crosstalk analysis application computes a 4-port linear crosstalk model, which
transforms the ideal waveforms into the actual measured waveforms.
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