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EZJIT Complete jitter and vertical noise
analysis software for the 9000, S-Series,
90000A, V-Series, and Z-Series Infiniium
oscilloscopes adds advanced statistical
analysis of high speed digital interfaces
in the vertical (voltage) domain to the
accurate horizontal (time) analysis
capabilities provided by EZJIT and EZJIT
Plus software. The result: the industry’s
most complete jitter and noise analysis
software for real-time oscilloscopes.

Now for the first time, real time
oscilloscopes can analyze both domains
statistically with measured results

that matter. Engineers who want to
characterize a high speed transmitter

or understand the full parameters of the
waveform reaching a digital receiver will
consider amplitude analysis as a new
fundamental requirement in the complete
consideration and evaluation of a high

speed digital link. EZJIT Complete software includes all of the advanced jitter analysis

features of EZJIT and EZJIT Plus and adds the following vertical
noise analysis capabilities.

- Decomposition of Vertical Noise into constituent components:
- Random Noise (RN)
- Periodic Interference (PI)
- Deterministic Interference (dual dirac model) (DI)
- Data Dependent Interference, or Intersymbol Interference (ISI)
- Aperiodic Bounded Uncorrelated Interference (ABUI)
- Estimation of Total Interference (TI) to a specified Bit Error Ratio
- Cumulative Average of High(One) and Low(Zero) levels
: - Tabular Results of all measured quantities.
Figure 1. Vertical Noise Decomposition Graphs. - Graphical Results of:
- InterSymbol Interference per bit
- RN/PI Histogram
- Total (Composite) Interference Histogram
- BathTub curve (Measured and Extrapolated)
- Interference Frequency Spectrum
- Settable location in the Ul for vertical analysis
- Scope noise compensation, choose between:
- Measure noise directly
- User input value
- Arbitrary or Periodic Data patterns
- Advanced spectral and tail fit algorithms for accurate RN, ABUI extraction in
crosstalk environments
- Setup Wizard for robust setup
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Choosing your Jitter Analysis Software for Infinilum Oscilloscopes

Model number
Advanced clock recovery

Basic jitter views
Jitter trend

EZJIT
E2681A
Requires Serial Data Analysis,
Model number E2688A

EZJIT Plus
N5400A
Requires Serial Data Analysis,
Model number E2688A

EZJIT Complete
N8823A
Requires Serial Data Analysis,
Model number E2688A

Jitter histogram

Jitter spectrum

Multi-acquisition
Jitter clock measurements
Period

Pulse width (+, -, both)

Frequency

Duty cycle (+, -)

Time-interval error

Cycle-cycle jitter

N-cycle jitter

Cycle-cycle +/- width

Cycle-cycle duty cycle
Jitter data measurements
Time-interval error

Data rate

Unitinterval
Delay/edge measurements
Setup/hold

Phase

Rise/fall time
Jitter separation
Random jitter (RJ)

Deterministic jitter (DJ)

Data dependent jitter (DDJ)

Inter-symbol interference (ISI)

Duty cycle distortion (DCD)

Bounded uncorrelated jitter (BUJ)

Periodic jitter (PJ)

Aperiodic bounded uncorrelated jitter (ABUJ)

Total jitter (TJ) estimation

BER range

Max pattern length periodic mode

Max pattern length arbitrary mode
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Choosing your Jitter Analysis Software for Infinilum Oscilloscopes (Continued)

Model number
Advanced jitter views
Real-time eye

EZJIT
E2681A

Requires Serial Data Analysis,
Model number E2688A

EZJIT Plus
N5400A

Requires Serial Data Analysis,
Model number E2688A

EZJIT Complete
N8823A

Requires Serial Data Analysis,
Model number E2688A

BER bathtub

DDJ vs bit

Composite histograms

TJ histogram

DDJ histogram

RJ/PJ histogram

RJ/PJ spectrum
Vertical noise analysis
Vertical noise decomposition

Total interference estimation

Separate analysis of one and zero levels

Advanced noise views
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EZJIT Complete: Advanced Jitter and Vertical Noise Separation and Analysis

Setting up the oscilloscope for vertical noise analysis

Vertical Noise analysis software algorithms are very similar to the jitter algorithms found
in EZJIT Plus. For this reason, and because the engineering tasks are related, the noise
and jitter capabilities are merged together in one GUI and combined to constitute EZJIT
Complete. It is found in both analysis and measurement tabs in the infiniium oscilloscope
control graphical user interface. Selecting either of these yields the entry dialog which
allows manipulation of conditions for measurement, and also presents a setup wizard.
The setup wizard is the best and most carefree way to ensure good measurements and is
recommended.

Viewing the setup dialog one can see the close relationship jitter and noise measurement
have. There is a common section that addresses the channel to be measured, the pattern
type, whether it should be automatically evaluated, BER level, number of graphs to
present for analysis insight, and graphical controls (such as Log/Linear format and Q vs
BER scales. Additionally, there are common settings in clock recovery and thresholds.
One cannot be too careful about Clock Recovery and it deserves special note. While the
need for clock recovery should be obvious for jitter evaluation because jitter depends

on comparison against an underlying time reference, noise evaluation requirement of
clock recovery may not be so obvious. It is critical the vertical noise analysis software
evaluates a vertical slice in the eye diagram and must have a clock reference to do so.

File Control Setup Trigger Analyze Utilites Demos Help 1 Mar 2012 9:57 AM 3 \Q]
Markers... Ctri+M L E] [
QuickMeas  Ctrl+Q o Jitter / Noise Setup Wizard...
Delete O
Ti?,n:ge OEnable O Enable
Clock Measurement Edges Measurement Location
st © TIE (Phase) w5 50.0% =
£ " O Period CAY f
Frequency Domain T p - RN Bandwidth
Eye Pattern / i i f M il ( N "‘\ H [y O N-Unit Interval 9 © Wide (Whit
Jitter / Noise (EZJIT+)... WL | ( | (il (;N: e Plle‘)(
larrow (Pin
Limit Test & Search... ( )
Setup... . 5
L Units Units
Thresholds... RJ Bandwidth
Level Qualification... © Wide (White) ® Second O Volt
Measurement Analysis (EZJIT). | HHHH ‘ | = ae (F: ek) o Unit o Unit
\ | | | il ® Narrow (Pinl i
i \\H‘H\v‘v‘y‘\u\‘\‘.v“:‘x\l'\\‘v‘v\4‘\‘<y\,!,\\ V ,\\HL‘\‘.W‘ Interval Amplitude
Common
Pattern Length Source Bathtub Scale
© Periodic © BER Scale
O Arbitrary BER Level 0Q Scale
1E-12 4 Clock
ElAuto Graphs Graph Scale
Acquisitio Trigge i i
Sampling Mode Real Time Mode. Edge (1) . 02 ® Linear TIE Filter...
Capture Time 50.1 ns ®4
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Bits Of Res 8 bits

Figure 3. Jitter and Noise Measurement control dialog available from Analyze and Measurement Tabs and resulting setup control dialog.
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Use the Setup Wizard!

In all of Infiniilum’s measurement software, setup wizards guide users to the quickest way to achieve results and the vertical noise
analysis software in EZJIT Complete is no exception. Use the Setup Wizard for bulletproof setup and results.

Jitter Wizard: Overview Jitter/Noise Wizard: neral Setup Jitter/Noise Wizard: Measurement Type [x|
Setup Checklist This Wizard will help you to quickly Setup Checklist To optimize the performance of the Setup Checklist Select to measure jitter, noise or both.
General set up a jitter or noise measurement - General jitter or noise measurements, several ~ General
Setup on your Infiniium Oscilloscope by Setup options should be set up prior to Setup [ Jitter
walking you through all of the making a measurement. If you prefer .
Measurement necessary steps. Measurement not to have an option set for you, = Measurement Noise
Type Any selections or changes you make Type Eﬁgs‘ﬁ uncheck the appropriate boxes Type
ot in the wizard will be undone if you i d Soinee
Tz press the Cancel button at the bottom T Type
of a page. Turn off averaging
Measurement  To begin setting up your Measurement Turn off voltage measurements to Measurement
Setup measurement, click the Next button. Setup improve throughput Setup
Clock Clock Clock
Recovery Recovery Recovery
Autoscale vertical will optimize the
Thresholds Thresholds  vertical scale for all active channels. Thresholds
Acquisition Acquisition Autoscale Vertical Acquisition
Calibration Calibration Calibration
< Back ”. Next > J l Cancel l < Back ” Next > I l Cancel l < Back M Next > J l Cancel
Figure 4. Jitter and Noise Wizard. The setup checklist is presented in the first wizard screen and the user can see where in the process they are every step of the way.
Jitter/Noise Wizard: Source and Type \z‘ Jitter/Noise Wizard: Measurement Setup Jitter/Noise Wizard: Clock Recovery ||
Setup Checklist Set the source and type of Setup Checklist Set the pattern length. Arbitrary data Setup Checklist Setup clock recovery. Clock recovery
v General measurement. TIE accumulates jitter ~ General is live traffic where the pattern length ¥4 General applies to high speed serial data
Setup according to a recovered clock. Period Setup is unknown. Periodic data is PRBS or Setup analysis, RJ DJ and TIE jitter
and Unit Interval measurements can other repeating patterns. measurements.
v Measurement  pe used on clock or '10' data v Measurement s Measurement  Clock Recovery Method
Type waveforms. Type Type First Order PLL v
- Source vy Source ~I Source Nominal Data
Type Type Pattern Length Type 2700000000 Gbfs (£
Measurement = Measurement & Periodic v Measurement  Loop Bandwidth
Setup Setup Q Arbitrary Setup 1.619676 MHz %
Clock Clock Auto = Clock Loop Bandwidth Divisor
Recovery Recovery Recovery 1.667000 k %
Thresholds Thresholds Thresholds
Acquisition Acquisition Acquisition
Measurement Location BER Level Mty
Calibration 50.0% g Calibration 1612 3 Calibration
[ <Bak || me> | [ concel [ <Back | mext> | [ concel [ <Bak || nNex> | [ concel

Figure b. Jitter and Noise Wizard. Key parameters are selected.

analyzed, to clock recovery.

From the target and location in the unit interval, to whether periodic or arbitrary patterns are being
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Use the Setup Wizard! (Continued)

Jitter/Noise Wizard:

Jitter Wizard: Complete

Setup Checklist
~ General

~ Thresholds

Based upon the specified loop
bandwidth, it will take 3.09 ps for the

O Track Timebase (Automatic)
O Manual

[ < Back M Next > Jl

Cancel

|

Setup Checklist
~ General

~ Thresholds

You may measure the scope's random
noise at the current vertical sensitivity

Setup clock to lock to the data. Tt is Setup and cal out this value from the
recommended that you set the sample reported random noise.

~ Measurement  rate to maximum and set the memory ~ Measurement

Type depth to Calculate. Type
v Source ) ~ Source

Type Set maximum sample rate Type
~ Measurement ~ Measurement

Setup Setup

Memory Depth

~ Clock v Clock .

Recovery @ Calculate Recovery Noise

Remoave scope random noise
Cnes

= Acquisition < Acquisition 1.02 mv %
Calibration - Calibration Zeros

Eome

ook || nee> | |

Cancel I

Setup Checklist

~ General
Setup

~ Measurement
Type

~ Source
Type

~ Measurement
Setup

~ Clock
Recovery

~ Thresholds

£

Acquisition

~ Calibration

Congratulations! You have set up
Infiniium to make noise extraction
measurements. Click the Finish button
to apply your settings. There may be
a pause while the measurement
svstem is started.

<o}

Finish I l Cancel l

Figure 6. Jitter and Noise Wizard. Selecting ‘Calculate’ memory depth assures appropriate acquisition depth (memory) for highest accuracy. The
Calibration tab will activate scope to measure its own noise and the check box selection of ‘Remove scope random noise’ will perform a root sum

square subtraction of the scope’s random noise from all subsequent calculations of random noise.

The jitter wizard guides you through the setup process, from General Setup to the
Calibration where the oscilloscope’s contribution to noise is subtracted. The default
values in the wizard the optimize accuracy and robustness of the measurement.

Viewing and analyzing vertical noise

Analysis of your signal is portrayed in
graphical and tabular forms. The graphical
portrayals provide the most immediate
insight while the tabular provide the numeric
evaluation you need for evaluating your
target.

When analyzing vertical noise, four
graphs will be presented as the standard
configuration. These are shown below.
These are considered to provide the most
insight immediately, but the user also has
more options available.

Composite Interference

I 71 I gy, p1 EEE IST
[z [One Leve

jllilll III|'\I‘\II_I'IHIII‘I|II|IH IHIINHI i

]
-120 mv

1
8 mv

ISI Histogram

o ell

a _

]
135 mV -100 mv

_ = Noise BER Batl

RN,PI

Histogram
[:

|
100 mVv

Noise BER Bathtub

ub =e— T]

JI]IIINIIM_IM HJM ﬁ”-“-.

1 1
-110 mv 500 mUA 1.00 UA

I
0.0 UA

Clock Rec C g ency
Data Rate B TI(1E-12) 8
Patn Length RN (rms)
Source DI(a-a3) .14 mV
Unit Amp Scope RN(rms) 1.586

Ones ero:
141 mV 3 mV ISI(p-p)
PI(2-8) 16
PI{rms)
174.64 mV

Figure 7. Standard graphical portrayal of vertical noise decomposition. From top to right:
composite interference histogram, random and periodic histogram, intersymbol interference
histogram, and bathtub plot.
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Other Views

In addition to the vertical noise histograms and bathtub plots are other graphical
portrayals that can give you the information you need to act. These are noise spectrum,
threshold spectrum and ISl vs Bit. The noise spectrum and threshold spectrum will
show periodic and random components vs frequency. The advantage of viewing the
noise spectrum plot is to understand the noise contribution frequencies. For instance,

if there is power supply radiation source or grounding issue on one side of a differential
pair it will show up as common and differential noise and will be immediately clear on
the plot. The threshold plot (not shown) shows the calculated threshold vs frequency
that the vertical noise decomposition software uses to discern between a periodic noise
component and random noise.

File Control Setup Trigger Measure Analyze ULiiif#sTDemos Help 20 May 2012 3:58 PM File Control Setup Trigger Measure Analyze Utilities Demos Help 28 Apr 2012 11:06 AM

On ,
0 K

Noise

Noise Spectrum ISI vs Bit (Zoomable) - One Level

E——— One Spectrum s Zero Spectrum 10.0 my_ZeroLevel [One Level] [Zero & One Level]

400 IJV*[Zem Level] [One Level] [Zero & One Level] Bits: 2.49 M

320 - 6.2 mV-

240 V- 2.5 mV-
160 pV-

80 WV "Il s.0mv-

0.0V w-ﬂmmlwmnnmmrmmir‘mmﬁw‘wmﬁmwwmmmmvﬁm [Lowest One] [Highest One]
g I I T I I I p

| | | | | |
337.5 MHz 675.0 MHz I_ bit 0 bit 31 bit 63 bit 95 bit 126

ISI(p-p)

PI(3-3)
Sourc rms PI(rms)
Unit Amp 22

Figure 8. Spectrum portrayal of the vertical noise and pattern dependent noise (ISI) in ISI vs Bit plots. By selecting on the plot labels, the user can
select between analyzing zeroes, ones, or both simultaneously.

Analysis of ones, zeroes, or both ones and zeroes

The vertical noise decomposition software will default to the four-graph view seen in
Figure 7, however two other choices are available to you. These are two-graph and
one-graph formats for better focused viewing. The selection is available in the entry
screen shown in Figure 3.

File Control Setup Trigger Measure Analyze Utilities Demos Help 28 Apr 2012 11:00 AM File Control Setup Trigger Measure Analyze Utilities Demos Help 28 Apr 2012 11:00 AM

Composite Interference - One Level

I 71 [ RN, PI EEE ST
[Zero Level] [One Level] [Zero & One Level]

Composite Interference - One Level
N 7] BN RN, PI EEE ISI

T [Zero Level] [One Level] [Zero & One Level]
7‘E il ‘IHHH“HHIH Ll e w——
90 mV 101 mV 113 mv 124 mV

RN,PI Histogram - One Level

[Zero Level] [One Level] [Zero & One Level]

||I|HIIHII

113 mv

Figure 9. The EZJIT Complete entry screen allows selection of 4, 2 or 1 graph formats.
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Other Views (Continued)

Analysis of ones, zeroes, or both
ones and zeroes

File Control Setup Trigger Measure Analyze Utilities Demos Help 28 Apr 2012 10:59 AM

Close analysis of the four-graph view . Noise
seen in Figure 7, will reveal that the plot Composite Interference - One Level RN,PI H|stogram One Leve

. . . [ Ry, 1 E ST [zeroLevel] [one Level] Level]
is rendering both One and Zero analysis 3 St

on each of the graphs shown. In those ]
graphs, if you should want to examine the MM”““””
‘One’ histograms or ‘Zero’ histograms in o0 my wmy wsmv ooy
greater detail, you can click on the ‘[One S el Rl

Level]’ or ‘[Zero Level] labels. When you . .
do so, the graph will rescale and show

the side selected (One or Zero). This is
depicted in Figure 10. 1zUmv 0.0 UA 500 mUA 1.00 UA

Tabular results

Finally, the measured results are available
in tabular form or over remote user interface. Figure 10. Focus on just the Ones, or the Zeroes or both: Analysis for
The results are available now in their own Ones is shown here.

results tab at the bottom of the infiniium

screen under ‘Noise’.

IMeasurements' Nlee Status Scales

Clock Re | eros Ones

Data Rate h/: TI(1E-12) ".' [UIEY ISI(p-p) 10.837 mV
Patn Length 12 / l} DI(a-a) ".-_k 19.143 PI(a-a) 7660 mV
Source Channel 1 RN{rms,wide) 0.0 ilolE PI{rms) 3.742 mV

Unit Amp 226.85 mV Scope RN(rms) l.6lu mV 1. 5;“ my

Figure 11. New Noise tab displaying all the values associated with vertical decomposition.

Other analyses enabled

Fixed Level Analysis: if your device is fixed at a high or a low, you can still analyze the
system noise. In this case, you do not have a signal to perform first or second order
recovery from data, so you can use an explicit clock and adjust threshold and hysteresis
settings in the wizard.

Sweep the Eye: To comprehend vertical performance throughout the eye, the user

can sweep the measurement location in the eye and performing noise analysis at each
vertical solutions. With similar measurements of jitter at different horizontal thresholds
the results can be processed externally to render a complete contour around the eye
opening. This would be done to evaluate the statistical eye contour, or to measure over
a specific range given assumptions of the behavior of the system receiver. An example of
this is shown in Figure 2.
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EZJIT Plus: Advanced Jitter Separation and Analysis

Separate jitter on periodic and ik . 8 Jan 2013 11:47 AM
arbitrary patterns

Typically, jitter separation is performed on
repetitive waveforms that are designed

to stress the data transmission link and
the receiver’s clock recovery circuitry.
However, many embedded designs using

multi-vendor chipsets are limited to

testing live traffic with additional align

characters and packet frames that may ]

not be repetitive. EZJIT Plus allows

designers to choose between periodic and )

arbitrary data modes when analyzing jitter

for compliance. In the arbitrary data mode, .

the ISI Filter shows victim-aggressor
relationships between each rising and
falling edge that are N-edges apart in the

\
bit 95

captured waveform. By setting the filter e ey T (11 =757)
. . e RJIrms ,narrow
wide enough to capture all significant ength 127 P1aa 9.07 ps
. . . . Source Char PJrm
relationships, designers can quickly RJ Method Spectral

analyze ISI problems and accurately Figure 12. DDJ vs. Bit chart.
separate RJ/DJ parameters to provide a
TJ estimation at low BER.

Easy-to-use Jitter Separation Wizard

The easy-to-use wizard built into EZJIT Plus makes setting up advanced jitter separation
simple. Walk through the measurement setup step-by-step to set critical parameters
such as thresholds, vertical scaling, and clock recovery. The result: fast and accurate
separation of signal jitter into components and flexible jitter views to provide critical
insight.

Setup Checklist To optimize the performance of the
- General jitter or noise measurements, several
Setup options should be set up prior to
making a measurement. If you prefer  [checkiist e
= pe of
Measurement - not to have an option set for you, General measurement. TIE accumulates jitter
EI:FSE uncheck the appropriate boxes Setup according to a recovered clock. Period
low. :
Source Measurement oot Intervel messurements can  fetup Checklist Set the patter length. Arbitrary data
Type off averagis e woveforme. General is live traffic where the pattern length
E1Tum off averaging - Setup is unknown. Periodic data is PRBS,
Me;furemem Tum off voltage measurements to Source Source M ockototheroeating Pt s up Checklist Setup clock recovery. Clock recovery
p improve throughput Type ‘ 9 e General applies to high speed serial data
Setup analysis, Jitter and noise
R‘]E‘:‘:,Q,y Measurement - Measurement Edges o measuréments.
up Me it
Autoscale vertical will optimize the ONEE(G7=) v Type Pattern Length Tjsz“’e'“e“ ‘é'“';“ﬂf?ew Method n P Chcee(nk!il Set the voltag; Iev:l wzs;e you want
Thresholds  vertical scale for all active channels. Clock O Period cY oo onstant Frequency measurements made. Adding
s ONUntnenal || @1x b Measurement @ Periodic S Setup hysteresis will prevent false edges due
Acquisition ‘Autoscale Vertical e Setup O Arbitrary Ty;‘e = vemsrement © 195
_— Thresholds - w Levels Apply To
Galibration - ok A Measurement ~ © Fully Automatic e O Al Sources
Acquisition ‘ B Setup O Semi-Automatic Source © Individual Sources
Thresholds " O Manual Type Level Source
C=ibiation E'E(gvew With Fully Automatic the data rate will 3
Acquisition automatically be determined. With Measurement ?
e e Automatc the dta rte Setup
Galibration 115 3 Thresholds  determined based upon the given data ok Set to 50% Vp-p
P rate. With Manual the data rate you lock
Fully Automatic is generally preferred. 403.155 mV Snap to 0
Calibrati 7 e =
ration - yse Semi-Automatic with large Thresholds —
b AL g —
=
Calibration

Figure 13. RJ/DJ Wizard allows user selection of data pattern type, TJ BER calculation level, clock recovery type and jitter measurement threshold.
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Accurate Random Jitter Separation using Spectral and Tail Fit Algorithms

The problem

Common spectral algorithm for RJ
extraction over-reports RJ.

Why?

Any Aperiodic Bounded Uncorrelated Jitter
(ABUJ) on the signal is factored into RJ.

A common source of ABUJ is crosstalk
from adjacent signals.

How does this affect me?

First, the RJ measurement can be
inaccurate. Second, when measuring Total
Jitter (TJ) vs. BER, TJ can be dramatically
overestimated due to the RJ multiplier. For
example, TJ = DJ + 14*RJ,, . for a BER of
1072, This means the scope will provide
an unfairly negative report of the overall
jitter performance of your serial data link.

The solution

EZJIT Complete provides two distinct
algorithms for RJ extraction to ensure you
achieve accurate measurements under all
signal conditions.

The Tail Fit algorithm accurately extracts
RJ, even in extreme ABUJ/crosstalk
environments, by fitting directly to the
tail of the RJ,PJ histogram.

Figures 14 and 15 contrast the

two algorithms in a contrived jitter
measurement with extreme crosstalk.

You can see the tail fit algorithm in Figure
5 provides a much better fit to the BER
bathtub curve in the upper left and reports
significantly lower RJ and TJ.

File Control
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BUJ(rms) Not Available DDPWS 15.61 ps

Figure 14. Jitter separation with artificially extreme crosstalk using spectral algorithm for RJ
extraction. Notice the discontinuity in the BER bathtub.
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Figure 15. Jitter separation with artificially extreme crosstalk using tail fit algorithm for RJ
extraction. Notice the good fit to the BER bathtub and dramatically lower RJ and TJ results.
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Jitter Separation and Total Jitter Estimation at Low BER

File Control Setup Trigger Measure Analyze Utilities Demos Help 8 Jan 2013 11:50 AM 8 Jan 2013 11:47 AM

Jitter

Composite Jitter Histogram Jitter BER Bathtub

Ty [ Ry, p) NN DD _ = Spectral BER Bathtub == T Data

il ‘I“\Wk—

| I I I
00s 40.0 ps 0.0UI 500 mut 1.00 UI

PJ Threshold - Periodic DDJ versus Bit (Zoomable)

Composite Jitter Histogram
N T) [ R), P) HEE DD]

“N ‘IMH

0.0s

Figure 16. Figure 17.

4-in-1 jitter measurement results display allow for multiple views Composite histogram displays relative contributions of data-

of jitter populations and distributions, data-dependent jitter dependent jitter, total jitter as well as random and periodic jitter.
versus bit in repetitive patterns, as well as the bathtub curve plot,  Total jitter is a convolution of the data-dependent jitter probability
which measures eye-opening vs. bit error rate. density function (PDF) and the random/periodic jitter PDF.

File Control Setup Trigger Measure Analyze Utilities Demos Help 8Jan 2013 11:48 AM File Control Setup Trigger Measure Analyze Utilities Demos Help 8 Jan 2013 11:47 AM

Jitter Jitter

Jitter BER Bathtub

1o — Spectral BER Bathtub == T] Data

Composite Jitter Histogram
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Transitions: 5.21 M
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Figure 18. Figure 19.

Simplified display leverages existing measurement results A step-by-step wizard simplifies complex jitter measurement
tabs and measurement toolbars, integrating the EZJIT Plus setups and allows for complete user control over important
measurement capability into the Infiniium display window. When parameters such as the measurement threshold voltage and
the RJ/DJ graphical display window is minimized to view the clock recovery method.

voltage vs. time waveform under test, the jitter separation results
are still visible in the jitter measurement results tab.
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EZJIT: Essential Jitter Analysis Tools
Included with EZJIT Plus

Jitter analysis made easy

A wizard in the EZJIT jitter analysis software helps you quickly set up the Infiniium

Meas Analysis Wizard: Measurement Trend X

Meas Analysis Wizard: Measurement Spectrum X

Setup Checklist

Histogram to see the overall shape of

o Meaae St the measurement distribution.

Sdedtion Measurement
¥ Thresholds Data TIE(1) v

- Measurement
Histogram

Measurement
Trend

Measurement

Spectrum

[ Turn on the Measurement
Histogram

v Thresholds

v Measurement
Histogram

=  Measurement Clock recovery applies to serial
Trend decode, serial data analysis,

& Turn on Smoothing of the
Measurement Trend

Smoothing Points
R
=)

Measurement
Spectrum

The Measurement Spectrum plots the
frequency content of the Measurement

e

i gjﬁ{a‘ Trend. Use the Measurement If Fully Automatic is selected, the data rate will
zﬁ“he' ‘é?,‘;°ﬁe:,:|h:a;ffﬁmrs:,ff s automatically be determined. If Semi-Automatic is
v Msslae;l{feme"‘ selected the data rate will be determined based
o upon the given data rate. If Manual is selected, the
«  Thresholds data rate you provide is used.
Fully Automatic is generally preferred. Use
v Measurement Semi-Automatic when large quantities of high
Histogram frequency jitter exist.
v Measurement
Trend
=]
- Measurement
P e Scales | <Bad J| New> ][ concel ]

Turn on the Measurement Spectrun

[LsBack [ Next> ]|

Cancel

Soup i Toopinist etomars it oscilloscopes and begin taking measurements. With time-correlated jitter trend and
o cumd B signal waveform displays, the relationships between jitter and signal conditions are
Setup measurement. If you prefer not to .. L. . . . . .
have an option set for you, please more clearly visible. Intuitive displays and clear labeling of information make it easy to
& uncheck the boxes below.
ol sl ot medmum comple fats comprehend measurement results.
Turn off averaging
m;‘:;‘;:zme”‘ ;ﬁ{,r,‘o?,z (g?uggehpmuetaswemems © File Control Setup Trigger Measure Analyze Utilities Demos Help 21 Sep 2012 12:08 PM
Acquisition is stopped.
Measurement 80.0 GSa/s 80.0 kpts
Trend
Autoscale vertical will optimize the
Measurement  Vertical scale for all active channels.
Spectrum 5
Meas Analysis Wizard: Measurement Histogram X | Meas Analysis Wizard... |
E Setup Checklist The Measurement Histogram plots a Measure All Edges
v geetr:fpral etporem of alDeallIe e Measurement Analysis

Add Measurement...

Setup Checklist The Measurement Trend plots Data
5 : TIE measurements time correlatedto [t >
< el the waveform being measured. Use
Setup the Measurement Trend to see how More
Data TIE measurements change
v Measurement i (1of2)
Selection throughout the acquired waveform.
Acquisition stopped, navigating FlUse Marker
S ES pelete Current Peak CF: 53.1 Mz \
6.0 dBj Scale: 10.6 MHz
«  Measurement Frequency: 6.6 Hz 166 MHz Set up Peak Se:
Histogram 15.0 MHz
- Measurement . . . .
jeod Figure 20. The setup wizard prompts you to select measurement thresholds, histogram, jitter trend,
Measurement i
plaesrtiel and/or spectrum displays.
@ Turn on the Measurement Trend
Meas Analysis Wizard: Measurement Trend S... X File Control Setup Trigger Measure Analyze Utilities Demos Help 21 Sep 2012 12:06 PM
5 A 5 Acquisition is stopped.
Setup Checklist Smoothing can be applied to the >
= gy Measurement Trend. Smoothing will 80.0 GSa/s 80.8 kpts
i General reduce high frequency content and
Sty helps extract the signal from noise.
v Measurement
Selection

Clock Recovery Method :I

Constant Frequency %
@® Fully Automatic
2 O Semi-Automatic

O Manual

jitter, noise and TIE meas.

Acquisition:
Sampling Mode
Capture Time
Effective Res
Bits Of Res

Real Time
1.00 ps
3.13 ps/pt
8 bits

Edge (1)

InfiniiScan Off

Figure 21. The EZJIT wizard simplifies jitter measurement setup, such as advanced clock recovery,
shown here.
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EZJIT. Essential Jitter Analysis Tools (Continued)

Ex‘tensi\/e parametric analysis File Control Setup Trigger | Measure Analyze Utilities Demos 21 Sep 2012 12:15 PM
| Markers... Ctrl+M
.. . I 6.0 GHz
EZJIT jitter analysis software can analyze QuickMeas Cirl+Q
. . . . Delete
the time variability of any of the following Se"h
. napshot
fundamental parametric measurements:
Voltage
Time
Single-source Clock
. Data ﬁSetupTime
- Period Mixed
_ Frequency Domain i
Frequency &Y o1 Time
i : Eye Pattern - = =
- Positive pulse width Histogram BB 1ime 1ntenval Error (T1E)
_ Negative pulse width Jitter / Noise (EZJIT Complete)...
- Duty cycle LimiEfete oarc Unit Interval
H H Setup...
- Rise time Thresholds...
- Fall time Level Qualification...

Dual-source

- Setup time
- Hold time
- Phase
e Scales |
Acquisition =
Clock Sampling Mode Real Time Edge (1)
. . Capture Time 1.00 ps
- Time-interval error (TIE) Effective Res 3.13 ps/pt InfiniiScan Off

Bits Of Res 8 bits

- N - Period jitter

Period to period jitter

- Pos width to Pos width jitter
- Neg width to Neg width jitter

Figure 22. Extensive parametric analysis provides insight into data jitter components.

File Control Setup Trigger Measure Analyze Utilities Demos Help 21 Sep 2012 12:14 PM
- Cycle—to—cycle dUty Cyde Acquisition is stofERIEEN Ctrl+M
80.0 GSa/s 80.0 I 16 © Gz
QuickMeas Ctrl+Q
Data Delete
— Time interval error (TIE) Snapshot
- Data rate Voltage
L Time (it
- Unitinterval Clock pemd
- Data [
- n-Ul J|_§ter g
—_ - il »
Ul - Ul jitter Frequency Domain A Duty cydle

Eye Pattern

Histogram L4 m Phase

Jitter / Noise (EZJIT Complete)...
Limit Test & Search... ﬁ Time Interval Error (TIE)

- Clock recovery rate

Setup... N-Period

Thresholds... Period - Period
Level Qualification...

+Width - +Width
Nidth - -Width

uty cycle - Duty cycle

EEEEEERER N

; ) R

(10f2)
Bleldy Scales

Acquisition: Trigger:

Sampling Mode Real Time Mode Edge (1)

Capture Time 1.00 ps

Effective Res 3.13 ps/pt InfiniiScan Off

Bits Of Res 8 bits

Delete
All

Figure 23. Clock jitter measurements provides insight into clock jitter components.
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EZJIT. Essential Jitter Analysis Tools (Continued)

Real-time trend, histogram, and
spectrum displays

Measurement data can be viewed as a
trend display (Figure 24), showing a time
plot of the measurement time-correlated
with the signal waveform data. This makes
it easy to understand relationships
between jitter and signal conditions, such
as intersymbol interference (ISI).

The histogram display (Figure 25) plots
the relative occurrence of values for the
measured parameter. The histogram
provides insight into the statistical nature
of the jitter.

For example, the histogram shown in
Figure 25 appears as two gaussian
distributions. The peak-to-peak jitter
between the gaussians indicates
significant deterministic jitter in the signal,
while the gaussians show the spread of
random jitter.

The spectrum display (Figure 26) shows
the spectral content of the jitter. The
spectrum display can be useful for
identifying sources of jitter by their
frequency components. For example, if
you suspect a switching power supply
with a switching frequency of 33-KHz is
injecting jitter, you can test your theory by
examining the jitter spectrum for a peak at
33-KHz.

EEEEEEED

Figure 24. A trend display, showing a time plot of the measurement time-correlated with the signal
waveform data, makes it easy to understand relationships between jitter and signal conditions.

]

e 2l e B B

BEEEEEE

Figure 25. A histogram display plots the relative occurrence of values for the measured parameter,

providing insight into the statistical nature of the jitter.

EEEEEEEN

Figure 26. A spectrum display shows the spectral content of the jitter, useful for identifying sources
of jitter by their frequency components.
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EZJIT: Essential Jitter Analysis Tools (Continued)

File Control Setup Trigger Measure Analyze Utilities Demos Help 21 Sep 2012 12:21 PM

Acquisition is stopped.
GSa/s 1.60 Mp ] 16.0 GHz

n - On
57.6 mV/ D =

¢
parepdy P | s~ e

Flexible clock recovery

You can choose constant-frequency or
phase-locked loop (PLL) clock recovery
as well as use an explicit clock on another

input channel to time the data transition. Clock Recovery X
With PLL clock recovery, the data rate and Bl [Clock recovery applies to sefial
H H decode, serial data analysis,
loop bandwidth are adjustable. e e T
Clock Recovery Method
Many standards allow the use of spread- ] Second Order PLL ]
spectrum clocking to avoid concentrating = Nominal Data Rate
e . 2.500000000 Gb/s
EMI and RFI at specific frequencies.
. . . Loop Bandwidth
Spread-spectrum clocking is simply FM I 1.400700 MHz
modulation of the clock frequency, usually Damping Factor

at some frequency well below the clock L

frequency. The bandwidth of the PLL in
the receiver hardware allows it to track the
slow change in the clock frequency while

allowing faster changes to be measured. i
Measurements|| Markers | Histogram (BTl Status | Scales

Acquisition stopped, navigating
Current Peak CF: 53.1 Miz DUseMarker | 1 || 4 | »

0.0 dBj Scale: 10.6 MHz
Frequency: 6.0 Hz Span: 186 MHz Set up Peak Search...

RBW: 7.50 MHz

Figure 27. You can choose constant-frequency or phase-locked loop (PLL) clock recovery. With PLL
clock recovery, the data rate, loop bandwidth and damping factor are adjustable.
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EZJIT: Essential Jitter Analysis Tools (Continued)

Deep memory captures low-frequency jitter

Deep memory is especially valuable for jitter analysis. The optional 2 Gpts memory

on the Keysight Technologies, Inc. V-Series and Z-Series is helpful in measuring low
frequency jitter. At a sample rate of 80 GSa/s and incoming data rate of 2.5 Gb/s, 2
Gpts allows you to capture jitter frequency components down to 40 Hz. Comparably in
the 9000, S-Series, and 90000A Series, the 40 GSa/s sample rate and optional 1 Gpts
memory allows you to capture jitter frequency components as low as 40 Hz.

In some cases, measuring low-frequency jitter is not required; for example, the clock
recovery PLL in most serial data receivers can reject jitter very effectively at moderately
low frequencies. But sometimes an event occurring at a low repetition rate can cause
bursts of jitter or noise with higher frequencies that the PLL cannot reject.

An example is shown in Figure 28. The upper yellow trace is a serial data signal. The
middle green trace shows an uncorrelated aggressor signal that is causing short-term
bursts of jitter in the data signal. The lower purple trace, showing a jitter trend signal
derived from the serial data signal, plots the timing of each edge in the data stream
compared to the “ideal” recovered clock. You can see a burst of timing errors that
coincides with each transition in the middle green signal.

Note bursts of high-frequency jitter
that correspond in time with rising
and falling edges of aggressor signal

Figure 28. The clock recovery PLL in most serial data receivers can reject jitter at low frequencies.
However, sometimes events occurring at low frequencies (middle green trace) can cause bursts of

jitter that contain higher frequencies that the PLL cannot reject (lower purple trace).

<«—  Serial data signal

Further jitter analysis support

For additional jitter analysis features,
including Rj/Dj separation, bathtub curve
generation, and ABUJ extraction, Keysight
offers the N5400A EZJIT Plus jitter
analysis software.

For even deeper insight, apply the same
deep analysis and component separation
to the vertical noise affecting your signal
using Keysight's N8823A EZJIT Complete
software.

<«— Suspected aggressor signal

<«— Time interval error trend
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Oscilloscope Compatibility

Oscilloscopes

Software revision

Z-Series 5.0 or higher
V-Series 5.0 or higher
S-Series 5.0 or higher
90000 Series 2.1 or higher
9000 Series 2.0 or higher

Ordering Information

To purchase the EZJIT software with a new or existing Infiniium Series oscilloscope, order the following options.

Application License type Infiniium Infiniium Infiniium Infiniium
V-Series/Z-Series  S- Series 90000 Series 9000 Series
EZJIT Fixed Factory-installed ~ N8823A-1FP N8823B-1FP DS090000-070 DS09000-070 and MS09000-070
Complete User-installed N8823A-1FP N8823B-1FP N8823A-TNL N8823B-TNL
Floating Transportable N8B823A-1TP N8823B-1TP N8823A-1TP N8823B-1TP
Server-based N5435A-067 N5435A-067 N5435A-067 N5435A-067
EZJIT Plus Fixed Factory-installed ~ N5400A-1FP N5400B-1FP DS090000A-004  DSO9000A-004 and MSOS000A-004
User-installed N5400A-1FP N5400B-1FP N5400A-TNL N5400B-TNL
Floating Transportable N5400A-1TP N5400B-1TP N5400A-1TP N5400B-1TP
Server-based N5435A-001 N5435A-001 N5435A-001 N5435A-001
EZJIT Fixed Factory-installed ~ E2681A-1FP E2681B-1FP DS090000A-002  DSOY000A-002 and MSO9000A-002
User-installed E2681A-1FP E2681B-1FP E2681A-TNL E2681B-TNL
Floating Transportable E2681A-1TP E2681B-1TP E2681A-1TP E2681B-1TP
Server-based N5435A-002 N5435A-002 N5435A-002 N5435A-002
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Other Measurement Software for High Speed Digital Data Analysis

Model number  Title Description

Infiniium real-time oscilloscopes

Nb46TA Equalization Select from CTLE, FFE and DFE equalization types and various clock topologies to understand

what equalization will do to a signal, or to model voltage eye internal to receiver device.

N2809A & Precision Probe Software Measure and remave effects of cable and switch paths in front of the oscilloscope, measure and

N2806A and Hardware Kit AC calibrate probes for greatest accuracy and bandwidth.

NH465A InfiniiSim Waveform Creates transfer functions for implementing de-embedding of fixtures and cables, embedding,
Transformation Toolset general simulation, removing probe loading and changing observation point of measurement.

E2688A Serial Data Analysis Create eye diagrams of total captured waveform or of particular filtered portions of it

(i.e. bit sequence dependence). Includes standard masks and 8b/10b protocol analysis.
Sampling oscilloscopes: 86100D series digital communication analyzer

86100D-300 Advanced Amplitude Analysis Infinilum DCA software option that performs the highest accuracy amplitude analysis available.
86100D-200 Advanced Jitter Analysis Jitter decomposition using dual dirac technique. Predict total jitter to low BERs.
86100D-201 Advanced Jitter Analysis Equalize signals using software CTLE and FFE/LFE models.
86100D-202 Enhanced Impedance and Single-ended and differential S-parameter measurements.
S-parameter SW
86100D-300 Advanced Amplitude Analysis Infinilum DCA software option that performs the highest accuracy amplitude analysis available.
86100DU-401 Advanced Eye Analysis Jitter and amplitude/noise analysis on long patterns such as PRBS31. Eye contour and eye/mask
testing.
86100D-SIM InfiniiSim-DCA Creates transfer functions used to de-embed/embed fixtures and cables, general simulation,

removing probe loading and changing observation point of measurement.

Related Literature

Publication title Publication number
Infiniium 90000 Series Oscilloscopes - Data Sheet 5989-7819EN
Infiniium DCA-X 86100D Wide-Bandwidth Oscilloscope Mainframe and Modules - Brochure 5990-5822EN
Infiniium Z-Series Oscilloscopes - Data Sheet 5991-3868EN
Infiniium S-Series High-Definition Oscilloscopes - Data Sheet 5991-3904EN
Infiniium V-Series Oscilloscopes - Data Sheet 5992-0425EN

For copies of this literature, contact your Keysight representative or visit www.keysight.com/find/scope-apps.


http://www.keysight.com/find/scope-apps
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Ao

LXI

www.axiestandard.org

AdvancedTCA® Extensions for Instrumentation and Test (AXle) is an

open standard that extends the AdvancedTCA for general purpose and
semiconductor test. Keysight is a founding member of the AXle consortium.
ATCA®, AdvancedTCA®, and the ATCA logo are registered US trademarks of
the PCI Industrial Computer Manufacturers Group.

www.Ixistandard.org

LAN eXtensions for Instruments puts the power of Ethernet and the
Web inside your test systems. Keysight is a founding member of the LXI
consortium.

WWww.pxisa.org

PCI eXtensions for Instrumentation (PXI) modular instrumentation delivers a
rugged, PC-based high-performance measurement and automation system.


http://www.axiestandard.org
http://www.lxistandard.org
http://www.pxisa.org
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Evolving Since 1939

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

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

KEYSIGHT SERVICES  Keysight Services

eI ABPIN . 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.

ASSURANCE PLANS

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.

www.keysight.com/find/EZJITComplete
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