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High Speed Serial Links from Debug to Compliance
Eye diagram and Jitter Analysis

Presented by:

Pascal GRISON

Digital Design Application Engineer i
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In the new world of high-speed serial interconnects

 Meet objectives for cost, performance and reliability
* Finish your project on time and in budget
 Ensure Product Interoperability with other equipments
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Why Mesure Jitter
Jitter Concept
Bus Topologies

Quick Serial Link Debug Overview:

Eye Diagram
Mask Test

Isolating MAsk Violations with 8B/10B Decode and Jitter Trend

Digging Into the Jitter Understanding
Jitter Analysis Level One: Jitter Trend
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WhyaVieasurediterg.

« Determine the probability of how often a design will meet a bit
error rate specification (1012 BER typically desired).

« Understand the source of jitter in order reduce jitter to meet a
timing budget requirement.

« Test for compliance to ensure compatibility between components
from multiple vendors.

 Ensure that digital designs have the timing margins to operate
reliably 24 hours a day.. 7 days a week.. without crashing!
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Coneat ofinedusiry seickireds for jitis]

There are up to three sides to the problem
How much jitter should the transmit side produce
How much jitter can the receive side tolerate

How much degradation is acceptable from transmission line in the case of an
external cable (SATA,HDMI,DISPLAYPORT,USB...)

A well designed standard specifies each side properly
to guarantee system level performance (bit-error-ratio)

\

But What bus Topology are facing? Page>s e




Peirzll2] Pzitzy Bus Witn 2xolieit Synerronols Cloe:

-Bus of Parallel data lines at specific Datarate

-Clock line synchronous to Data Bus

Exemples: Legacy PCI, GPIB, SDRAM,...
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Sarlzll Peigzt Wi 2x¢olicit Clee

[ ] | ]

Serial Data Lane
Transmitt Receiver

er Cloc 4>
k

Clock Multiplier?
PLL BW?

-One or several Serial data lines at specific Datarate

-Clock line can be at (Datarate)/N

Exemples: [2C, SPI, DigRF, HDMI, PClI EXPRESS 8Gb
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Senalibatan\WithirtEmped ed el o ek

[ ] | ]

| PLL BW? Equalization?

Serial Data Lane
Transmitt Encoded 8b->10b Receiver
er

-No physical Clock Lane provided to receiver

-One or several Serial data lines at specific Datarate

-Data encoded 8B/10B NRZ

Exemples: USB,SATAI/I,PCI-EXPRESS, DISPLAY PORT
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« Start with the eye diagram

* The easiest way to get an overall idea of the quality of the serial signal

« Trigger on Clock signal (if available) as the rough first pass to build Eye Diagram

+ Eye Diagram is the superposition in the middle of the screen of 3 bits

* Multiple case combined form the Eye (000,001,010,011,100,101,110,111)

* Preceedig bits might impact the ones your seeing this is called Inter Symbol Interferences
* Use Clock Recovery with PLL Emulation on 8B/10B signal and memory folding to build eye

Building an Eye diagram the synchronous way: Explicit Clock used as Trigger

Stp easure  Analvze  Utiliies  Help
N ed .

File frol  Setup  Measure  Analyze  Utilities  Help 12:59 P

D e

T oens XN ' NN o Bk

101 Sequence 011 Sequence Overlay of all combinations
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What represents: goodenough:-2

The eye-mask is the common industry approach to measure the eye
opening
» Failures usually occur at mask corners
- But whatis cause of failure?

its 1.343 khits
eak 86 hits

Violating USB FS 12Mb/s Eye Diagram Good Dlsplayport Eye Dlagram
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Next Gen Debugging: Let Us Begin with an Eye Pattern

File Control

Setup Measure Analyze Utiliti

Individual bit errors may be cbserved by Clagz
unfolding a real time eve, To position to

the first failure, stop the acguisition Help ﬂ
when failures have ocourred. You may

use Stop On Failure in the mask test

dialog.

MNumber of failed UL 2296

Position To First Failure

Use the MNav ab to search for mask failures.

Region Vieclations
1

Failed Waveforms

Unfold Real

Time Eye..]

Start/Stop Test

=l
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File Control Setup Measure Analyze Util .|e5".l|elp 2:05 PM

e [ — e Not only the data
0 O ELZE " mask failures are
identified, but it can
be correlated with thg¢
clock.
Plus, you can scroll
through each failure
by clicking the
navigation button.

DATA

CLK

-24.3693780 Us

Navigation [Seae
Navigating k failures

Mask failure index 1
Number of failed UI 2296

N/ . e .
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Next Gen Debugging: Infiniium Debugging Solution

File Control Setup Measure Analyze Util

iza THelp
H_p.u'u -

Jitter Setup Wizard. .. Close ‘ |
s B

Measurement oK
Data TIE Camaal

Clock Recovery. .. ‘
Units
* Second

= Unit Interval

=

RJ G Extraction
RI1 ] Setup Wizard. .. |

Moré€
{1ofZ
Delete Navigating mask failures
All
Mask failure index 12

Number of failed UL 2296

Restore Criginal Mask ‘
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File Control Setup Measure Analyze Util .|e.s"7!|elp 2:15 PM
Acquisition is stopped.
40.0 GSass 2.05 Mpts 8GHz Reduced BW

I

[itter Analysis: Data TIE(1)]

|[E Jitter Trend

Mask failure index 1
Number of failed UI 2296




Next Gen Debugging:
Debugging Contin

as... Found a Large ) In the Jitter Trenc

File Control Setup Measure Analyze UtilitiesTHelp 2:41 PM
Acquisition is stopped.
40.0 GSa/s 2.05 Mpts 8GHz Reduced BW

|Jitter Analysis: Data TIE(1)|

BRI AR R AT TR PR BRSSO U R ] A A L T

o R A A M P 0 A A

Mask failure index 2296
Number of failed UL 2296



Next Gen Debugging:

Debugging Continues: The Lower Step has a Larger Ji

File Control Setup Measure Analyze UtilitiesTHelp
Acquisition is stopped.

40.0 GSa/s 2.05 Mpts e~~~ 8GHz Reduced BW
% On n| & On & N
0 " EX ar ® - EXEl

|Jitter Analysis: Data TIE(1)|

Bl b

IO R 9 1 P g S W 5 o 0 e i
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Next Gen Debugging:

File Control Setup Measure Analyze Util .|es".l|elp 2:17 PM
Acquisition is stopped.

46.0 GSa/s 2.05 Mpts [ N ©GHz Reduced BW
0 " BRI

|Jitter Analysis: Data TIE(1)|

AR B e AL 60 Ao L 61 Apabla R b o i R (il P L B B b L

Pk N i it

Navigating mask failures

Mask failure index 1
Number of failed Ul 2296

through the
violations of
unfolded mask
and correlate the
violations with
the jitter trend.

All violations are within
the lower Jitter step !




Next Gen Debugging: Infiniium offers Ir

A

File Control Setup Measure Analyze Utilties THelp 2:55 PM

Acquisition is stopped. il Infln”um even
40.0 GSa/s 2.05 Mpts B8GHz Reduced BW - 7}
- supports “8b10b

[itter Analysis: Data TIE(1)] deCOdeS" on t0p Of
other analysis
features
simultaneously.

CH1:DATA

TIE Jitter Trend

8b10bDecode

CH3:CLK

me istogram | Mask Test [NEN Tl Scales |
Navigating mask failures n

Mask failure index 2296 i ' \
Number of failed UI 2296 5 arch
w
CLICK !
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Next Gen Debugging:

Needless to Say, It Supports the “Decode Listing” as Well

File Control

@ o -
On g
.
Index | Time | Data |~ o
1 2436758194 s D156+ . g
2 -24.36300237 s Invalid Undo Zoom | &
3 2435860304 us  D17.7-
4 2435411370 s Inwalid - - Save...
5 2434962471 s 030.2- Decode LIStIng -
6 -24,34513467 s Inwalid Setup. ..
7 2434064540 s Invalid
8 2433615612 us  Invalid Search. ..
9 2433166671 U5 D2.2+
10 2432717721 s D1.3- :
i 24367018 DL Multi-channel
12 -24.31819819 s Invalid
13 24.31370891 s D29.3+ decodes and
14 2430021966 s Invalid | i i
15 2430473042 U5 D1.3+
16 -24.30024101 s D23.3 IStmg 1S
17 -2420575150 s D15.1+
18 2420126232 s K285+ SUppOfted, tOO!
19 2428677298 us  Invalid
20 2428228340 s K28.0+
21 2427779412 15 D101
22 2427330479 us D243
2426881532 U5 D24.3 v
More ol» j‘ I
{1 0f2) m S
D(;:ﬁte Navigating mask failures p ‘ p | > ‘ M ||Mask Failures
Mask failure index 1
Number of failed UI 2796 Restore Original Mask ‘
®e%e’ - -
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Multi-Perspective Signal Analysis, Getting More Insights Faster,
| Validating Your Assumptions Faster, with Time Correlating Data

4 i 8GHz Reduced BW

Region Violations

| o

=
e

Infiniium will show not only the analysis result; but the cause for the failure:
NISNSINENIEXIMgENETALIoNSedimiessiaenugy; 71’]![ soiiuon;

ber of failed UI 229




Jitter is the deviation of a timing event of a signal from its ideal position.

Ideal clock: SIN(27 f.1)

T TR ARSRiT AR

Jittered clock: Sin(2z f.t +4 zsin( 27 f )

UL LUNUURHUL Ly LU

Jitter: ssin( 2z £ t)

wlno
~ C

This is the traditional description of jitter,
commonly referred to Time Interval Error (TIE), or phase error.
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Wlezistrine) Jitiar witn zin Oseillosee os

Signal Slew Rate

. : : _
Scope+Probe Vertical noise Jitter Measurement Eloor

Timebase sampling Clock Jitter Observed Total Jitter
Jitter RJ/DJ Decomposition
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WhyasVertical INGISErEI 00Tl mMporRan 2.

Let’s consider a theoretical signals with Zero jitter, fixed voltage noise

presenting three different edge speed and crossing a Threshold at 50%

- > -

/‘W/M

>

-

1)Voltage noise translate directly in Timing Uncertainty (also known as Jitter)

2)Higher Vertical Noise Floor translate in Higher Timing Uncertainty

3)At constant amplitude noise floor,

Slower Edge Speed translate into Higher Timing Uncertainty

Page 23
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SOMENMPONRARTISSUESHOILLET

« Measurement accuracy depends on slew rate.

Fast Slow
Slew Rate Slew Rate
| |
\ | |
p+reo 4 x——————" - - —-—"—--—-————— — A — —
| |
Vertical | | Threshold
Noise : :
R O A A _____ _
g 1717 | |
|| | |
|| | |
|| | |
Bl | |
A\
pn-c| nu+o L—c n+o

Horizontal Jitter
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Secret L toinfinum DSO/DSAY0000ATSeries Signallnteqgrit

Ina Arcdog Front =nel ="Ena WICYE (\Vulti Snio Wiodul)

Trigger Output 8 GHz Flip Flop
(Edge Triggers)

Single Ended %, "

.

- - - - - - -
-t e . ! K - g - - o)
v .- . - iy / K » N\ _—
Path 3o T Yo T S e AN -k
a ' g 3 " > : : i p
3 - -
& Cal . = - >
o) ) ‘l o L y - - \
- 4 P
N - .
r e d L0 . i - - N\ .
- X - ™ /
S
-

Dual Differential ADC Outputs

o> ._-‘ '
Input € T = G
WA vy e
| e o )
1S e ol




SystemBandwidinsaNGISEE OO EeONSIAEraliolis

RMS noise floor (scope only)
Volts /div
5mV
10 mV
20 mV
50 mV
100 mV
200 mV
500 mV
1V

90254A
153 pv
183 pv
275 WV
645 pv
1.27 mV
2.47 mV
6.48 mV
125 mV

90404A
199 pv
232 yv
342 pv
799 pv
1.56 mV
3.03 mV
8.00 mV
156 mV

90604A
259 pv
295 pv
424 uv
985 pVv
1.92 mV
371 mV
991 mV
19.2 mV

90804A
322 v
358 pVv
498 pv
1.15 mV
2.22 mV
428 mV
11.5mV
22.3 mV

Oscilloscope measurement noise floor is linked to the
Bandwidth And Sensitivity setting used

91204A
435 pV
483 pV
650 pV
1.45 mV
2.80 mV
5.41 mV
14.7 mV
28.5 mV

91304A
467 pv
536 pv
758 v
1.73 mV
3.37 mV
6.58 mV
174 mV
341 mV

If an active Probe is used, measurement noise increase

RMS noise floor
(scope with probe)

Volts /div

20 mV

50 mV

100 mV

200 mV

500 mV

1V

90254A
with 1131A
3.2mV

3.3 mV

34 mV

40 mV

7.1 mV

13 mV

90404A 90604A
with 1132A with 1134A
3.5mV 40mV
3.6mV 40mV
3.8mV 43 mV

46 mV 53 mV

8.6 mvV 10 mV

16 mV 19 mV

Page 26

90804A
with 1168A
2.2 mV

2.3 mV

2.9 mV

4.7 mV

12 mV

23 mV

91204A
with 1169A
25 mV

28 mV
3.5mV

59 mV

15 mV

28 mV

91304A
with 1169A
2.7 mV

3.1 mV

42 mV

7.5 mV

19 mV

37 mV
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Secret ZiointiniumiDSOIPDSAY0000ATSEerRES Signalintegrity

orled First 2063S: /s Sinegls €nio CVIOS Arziloeg to Djejitzl Convyeipis

Analog signal goes through a SiGe sample and hold circuit,

and is distributed to 80 primary ADCs cell working at 250MSa/s.

Sampling Clock from Acquisition Board is internaly Delayed 80X

using calibrated delay lines ensure best interleaving accuracy.

Result is best oscilloscope measurement accuracy and repeatability

Best Harmonic Distorsion and Spurious Free Dynamic Range
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1o1);

Ime:omaniSine\WaveDs

Input = 3.75GHz Sine Wave 3rd Harmonic of PCI Express 2.5Gh/s

10:04 A Fih Coed Sap M

Agilent’s highly integrated monolithic
20GS/s ADCs

SFDR:-43dBc

with very low sampling Clock Jitter Frestswy

ensure low levels of distortion.

Slow TimeBase Distorsion

FFT SFDR Measurement

Other 6GHz 20GSa/s Oscilloscope
™




File Control Setup Measure dnalyze  Utilities  Help
Performing a long operation, please wal
0.0 Biafs 128 kpts

1:39 PM

12GHz Standard EW @J
On

@ ol 100 v RS @ L

I
T
tgjﬁé: 601 s 1‘

C 1m|' TIElll

CR - || _J_I_I ijr

" Il

o

vJitter Noise Floor — 6 GHz sine wave from PSG RF Generator
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File Cnntrul SEU_JIZI Measure ﬁnalyze Utilities  Help 1:58 PM

12GHz Standard EM @ J

vJitter Noise Floor — 150 ps rise time from N4903A
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File Coniral Setup Measure  Analyze  Utilities  Help 1:59 PM

Ferforming a long opevation, please wait...
0.0 GHafz 128 kptz 17GHz Standard BM @ J
On FRRTY an [y On On
@ ol 100 i/ E‘ @ 2 ﬁ 0t or
L -

Jitter Analyziz

ﬂ | ﬂ I[‘\ ﬂ
Clock TIET1]
Min -10.896 psz
Max 6.5 p=
Range 17.61 ps
" oY . tl__;jl:-lﬂ 0=

|T

o <] o R

o0ecs H

Measurements | Markers | Scales
[lock

n TIE(1]
Min
- HMan

! Fange
Std Dew 2 2 psz

vJitter Noise Floor — 250 ps rise time from N4903A
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DSEXO08204 0 rue’Analog Bandwidihithat:Delivers

Iihellndustrny:s ltowest intrnsic Jitter

G-Rex Sample Clock Jitter: LP2 (single lane)

1000.000

100.000

10.000

1.000

File

s .

Control Setup Trigger Measure Analyze Utilities Help Debug... 7 Apr 2010 9:46 PM

Sample Clock Jitter {ps rms)

80.0 GSas/s 131 kpts

On On
@ 100 mv/ @ O

0.010 + T T T
1.00E-06 1.00E-05 1.00E-04 1.00E03 1.00E-02 1.00E-01

Acquisition Time Range (sec)

T - [lelg [1>~ Bed>c-  OOO - BB

Measurements Jlatnlel] ‘ Statu;] Scales]
Measurement Clock TIE(1)

Al YSc:le 1.9???Khi.t5/ c-l_l]l:'l"( TIE{].] HEE“ _E.E"EI_]"]" as
Sz ) 1,999 khits/  Std Dev  169.208 fs
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oAl JIter COMPONENts

* TJ: Total Jitter (convolution of RJ
(based on BER) & DJ, and
TJ measured in peak-to-peak.

/\ « RJ: Random Jitter (rms)

Bounded (Pk-Pk) [J] R Unbounded (WS) - DJ: Deterministic Jitter (peak-to-

peak).
A - PJ: Correlated & uncorrelated
Periodic Jitter (caused by cross-
PJ DDJ talk and EMI)

- DDJ: Data Dependent Jitter

- DCD: Duty Cycle Distortion
(caused by threshold offsets and
slew rate mismatches).

DED ISI - ISI: Inter-Symbol Interference

(caused by BW limitation and
reflections).
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Whereboees dittern@ome E=Eroeme

L ossy interconnect (ISI)
«Impedance mismatches (ISI)
Crosstalk (PJ)

*Thermal Noise (RJ) A

*DutyCycle Distortion (DCD)
*Power Supply Noise (RJ, PJ)

K-On chip coupling (PJ, 1SI)

*Termination Errors (ISI)

)
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Importantisettingsifor-accurateresulis:in

2va Dizierzin & Jittsr zineilysis

« Jitter is measuring timing variation to a reference signal
Clock signal edge position are compared against reference Clock edges
Data signal edge position are compared against reference Clock edges

* Is my serial system using an explicit clock | can probe ?

Yes-> Probe the clock and configure scope to use it!
If receiver apply a multiplier -> scope must be configured to to the same
If receiver apply a PLL on explicit Clock -> scope must do the same
No? -> Derive the clock from the data using software PLL emulation

Software clock recovery must be flexible to imitate Receiver Clock recovery
Jitter Observed on Oscilloscope depend on Soft PLL Bandwidth Parameter
Too Big PLL bandwidth transalte into lower observed Jitter

Too Small PLL bandwidth translate into higher observed Jitter

The good software PLL BW Value is the one from YOUR Reciever
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WhatissRealslimeditterysAnalysis?.

Real-time jitter analysis consists of a collection of successive
timing variation measurements displayed in multiple views
where...

The timing variation measurements can be...
- Data: Time Interval Error (TIE), sometimes called “phase error”
» Clock: Period, Cycle-to-Cycle, N-Cycle

« Parametric: Frequency, rise time, setup time, hold time in a synchronous
system

The views includes...

 Eye Diagrams (repetitive volts vs time)
« Histograms (N vs time error)

 Trend (time error vs time)

« Spectrum (time error vs frequency)

« RJ/DJ separation (rms/p-p tabular)

« Bathtub curves (BER vs eye opening) i
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HoWDorReal HimerSCopes; Vieasure Jitier?.

NRZ |
Serial :
Data

= MUV

Jitter |
Trend |

Jitter |
Spectrum

Jitter |
Histogram !
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At AL O U T GCKIRECOVENZ.

i [ L LI LI

e JU ULy yL
Software Clock Recovery Hardware Clock Recovery
* Low jitter (zero) * Clock is available for other
* Frequency agile equipment (BERTs, DCAs, etc)
 Loop BW agile * Required on Sampling

 Low HW cost (zero)

Oscilloscopes
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Real Time Oscilloscope Trade-offs

Berefils of Reall Tine Osgilrstens Jiier Veasuenens
* Can measure jitter frequencies up to 1/2 the data rate

» Can use software for ideal clock recovery (no added jitter)

« Can correlate jitter to other signals (power supply, cross-talk)
« Can measure jitter on live signals with active probes
* General purpose tool, useful for other tasks

* 1 ps rms jitter noise floor typical

Weakness of Real Time Oscilloscope Jitter Measurements
* Measuring low frequency jitter requires lots of Memory

* Limited to data rates < =10 Gb (for now)
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ReAlFIMEISCOPENVErsUs OINERJIE SOIULPIS

< 3.2 Gb serial signaling, all synchronous signaling

Compliance
« Component Manufacturers
* 50 ohm fixtured

* Driven by standards work

4 Debug
» PCB/System Engineering

* Live Signals
* Logic Analyzers

u Jitter Identification! T ~
Validation
SERTS, * Probing Sweatshops
TIAS, « Live Signals
DCA:s, k Ease of use, reliability

senerato
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ComplianceniestingVersusivenugaing

Compliance Testing of Components/Sub-systems

* Pulse/Pattern Generators used to stimulate “Compliant Jitter Tolerance
Patterns (CJTPAT)”
Ex: 101010... tests for Duty Cycle Distortion (DCD)
Ex: 1111101010000... tests for Inter Symbol Interference (ISl)
- BERTSs, TIA’s, DCA’s, RJ/DJ separation software used to
measure/analyze jitter components to meet critical tolerance
specifications

Debugging/Characterization of Systems

» Real-time Oscilloscopes with Jitter Analysis used to time-correlate
sources of jitter within a “live” system at speeds up to 10 Gb/s.

« Sampling Oscilloscopes (DCA) with Jitter Analysis use to measure jiiter
within a “live” system at speeds greater than 10Gb/s.
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Pty evela Pisiariior (P CP))

Transmitter Threshold Offset Problem

---.-— ——————————— --------- - Actual Threshold

__... ... ................. p - — e . : . |dea| Threshold

— l | N l .| S/W Best-Fit Clock

— — — — —
+ error - error + error - error

7 TIA Trend Waveform =
| | I | ¥ data rate freq.
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Pty evela Pisiariior (P CP))

Transmitter Edge Transition Speed Mismatch Problem

—_———. . .________.. ........... .________.._ Threshold

S/W Best-Fit Clock

— — — —
- error + error - error + error

I I I | TIA Trend Waveform =

% Data Rate Freq.

Page 43 iz Agilent Technologies




IntersSympelintederenceNist)

Transmission Line Bandwidth Limitation Problem

B T T R N -+ F44-1------- R EEE Threshold

TIA Trend Waveform

Long “0” followed by “1” = + error

Long “1” followed by “0” followed by “1” = - error
Page 44 % Agilent Technologies




IntersSympelintederenceNist)

Transmission Line Reflection/Improper Termination Problem

S A - S - RN SV A (O B - A A - Threshold

! [ TIA Trend Waveform
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Renodiciditterd(2d)

System Cross-talk Problem

Corrupter

U DR SRS SN I (Y - PR - Threshold

TIA Trend Waveform
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“Real World” Jitter is Complex

Jitter is composed of both random
and deterministic components

Random Jitter (RJ) is "
unbounded %
*  Dueto thermal noise, shot
noise, etc.
*  Follows a Gaussian
distribution

* Requires a statistical analysis
to be quantified

* RJpp =14.1 x Jrms for 1012
BER

Deterministic Jitter (DJ) is
bounded and composed of:

*  Duty-Cycle-Distortion

(DCD)
* Inter Symbol Interference
(ISI) RJ

* Periodic Jitter (PJ)

Page 47 -2 Agilent Technologies




oAl JIter COMPONENts

* TJ: Total Jitter (convolution of RJ
(based on BER) & DJ, and
TJ measured in peak-to-peak.

/\ « RJ: Random Jitter (rms)

Bounded (Pk-Pk) [J] R Unbounded (WS) - DJ: Deterministic Jitter (peak-to-

peak).
A - PJ: Correlated & uncorrelated
Periodic Jitter (caused by cross-
PJ DDJ talk and EMI)

- DDJ: Data Dependent Jitter

- DCD: Duty Cycle Distortion
(caused by threshold offsets and
slew rate mismatches).

DED ISI - ISI: Inter-Symbol Interference

(caused by BW limitation and
reflections).

Page 48 iz Agilent Technologies




JitterPropabilitys BER

J pk—pk — J deterministic @ N XO random

SN = KX /N

Bit Error Ratio Peak-to-Peak RJ
(BER) Jppi = nxo
107" 127 x o
10" 134 % o
10°" 147 x o
107 15.3 % o
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AnalysisieiidittergwitiiRealiimer@sciliGSCopeiieve! one

Realtime Jitter analysis is Key for Debug of Clock and Serial Links

The Jitter Trend (Jitter_amplitude(t))
Probability Distribution Function of Jitter Trend
Standard deviation and Peak to Peak Deviation
The FFT of the Jitter Trend

Jitter Trend Shape and FFT content will help establish short of
suspects signals on board.

Using a second Channel of Oscilloscope for Trigger, probing
suspect signal on board and looking if Jitter Trend spikes/shape
IS synchronous to probed signal will clearly identify guilty signal.
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=2ZJIT Jittsr Arizilysis Qation - =z15Y (o) Use

« Key measurements include: cycle-cycle jitter, n-cycle jitter, period jitter,
time interval error, setup and hold time, measurement histograms,
measurement trending and jitter spectrum.

* Integrated into the oscilloscope application, highly interactive, and time-
correlated.

« Setup Wizard guides the user on setup of the jitter measurement,
describes what the measurement does and tells you when to use it.

Sawed: 03 5EP 2002 11:13:07

File Control Set Measure Analyze  Utiites  Help 1113 AM File Dnlm\ 3 Measure Analyze  Utilities  Help 12:30 PM

On On On
r o S L
xi

x| | diter Setupizard . | Cose |

¥ Enable Jitter Mode Help | &2

- Measurement Analysis—

e
Ik gy lh gh H

ny sEen:i changes you make
S the wizard will be undon r y pre o
! Cancel bution af the bal fapage

Tbg llgw
\kth |hn
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AGIEN =z IIpd IHETAVIEASUTEMEeTUANPCAtGn

File  Control Setup  Measure fnalyze Lkilities Help

Acquizition iz stopped.
20, I] ESaf& 1.03 I*1|:|t3

I

Spectrum

=
Mare !ﬂ!]iiiﬂliﬁilll iy |

[£af ] == el Hiztogram || Scales
_ = [ Y p-pl ] Data TIE(1]
MEEEAE = current  13.173 mlll C2.857 mlll 0.003701

Al l mean  13.173 mll] L2 857 mll 0.001

min  13.173 mlll 52 .85 mll -0.021301
13.173 mlI 52.857 mllI 0.031601

I3 =




NechniguesitoeisolatedItteRCompenents

In the real world, jitter components are NOT isolated

Tools/Techniques used to isolate jitter

« Serial Pulse/Pattern Generators

« Synchronous Triggering

« Use of Waveform Math (Averaging, +/-, etc.) on jitter trend results
« Fast update rates with real-time time-correlation

« TDR
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File Contral Setup Measure Analyze  LHilties  Help 3:40 Abd |Solat|0n Technlque

iz ztop Flllllj .

SRRat « Stimulating with slow
= repeating 1-0-1-0... pattern to
eliminate ISl jitter.

« Establish a synchronous
trigger.

» Average trend to eliminate RJ
and uncorrelated PJ.

» ldentified by Trend Waveform
@ %2 date rate frequency.

* Measure peak-to-peak jitter.

DCD Jitter (p-p) = 10.05ps
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free

File Contral Setup Measure Analyze  Utilities  Help 4:06 Ahd |Solat|0n Technlque

» ldentified by modulated
pulse amplitudes.

==

H
—

« With synchronous trigger
Average Trend to eliminate
RJ and uncorrelated PJ
components.

o 1 1
e | ®
—

 Identified by TIE trend
waveform with +error after
long 1 or long O.

' 1

g + ldentified by TIE trend
waveform with —error after
short 1 or short 0.

DCD + ISl Jitter (p-p) = 43.8ps

Note: With known good stimulus source, DCD will be minimal

Measure peak-to-peak.
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MOV INiSriSr=1es

File

L
=

EEER

—

H

1] 1]

Control  Setup  Measure  Analyze  Lhilities  Help 4:08 AM
Acquigition iz stoppaed.
20.0 GSarfz  10.0 kpts

e Reduce data rate to test
for reduction of ISI
component.

e DCD and correlated PJ
component remains.

 Measure peak-to-peak.

IS| Jitter (p-p) = 16.3ps
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Inter=symbpgolinterferencel(lsl)ditter;dueitoBWWand

rsilgetion Proolsins

Dissimilar long “1” pulse shapes

File Control Setup  Measure Analyze  Utlites Help 4:14 Akd
Acquizition iz stopped.
Giafs  10.0 kptz

1 ", | = | |
P e 4 -~ e

ISI Jitter (p-p) =47.1ps

Page 57

Identified by modulated
pulse amplitudes.

« Average Trend to

eliminate RJ and
uncorrelated PJ.

Identified by “dissimilar”
pulse shapes for long 1’s
or long 0’s preceded by
dissimilar patterns.

Agilent Technologies




Inter=symbpgolinterferencel(lsl)ditter;dueitoBWWand

[OOISI]S

File  Contral tup  Measure  Analyze  LUtlities  Help 418 Akd

TEEIID [ T * Reduce data rate to test

for reduction of ISI
component at receiver
side.

* DCD remains.

 Measure peak-to-peak.

IS| Jitter (p-p) = 20.8ps
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Inter=symbpgolinterferencel(lsl)ditter;dueitoBWWand

rsilgetion Proolsins

File  Control  Setup  Measure  Analyze  Utiliies  Help 421 A
Acquizition iz ztopped.
20.0 Giarz  10.0 kpts

e Reduced data rate and

w I - | then capture signal at

"ll MBSt ] )

l| transmitter side to check
for obvious reflections &

signal distortions.

\ L]

'l'|lr“| ﬁq““““"“‘"“‘“‘“* G @RN - Use TDR to accurately
characterize

transmission line for

Impedances and

distances to anomalies.

i vad | 1IN
F FA— _— L
PEEE =

A | Larand
o[>

current

B
Maan
Min
Max
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ISIICHanuESTHSE/A M ES

DDJ is caused by ISI*DCD
ISI has both amplitude and timing components
-> changes the signal rise/fall times

25 Flle  Control Setup Measure Calibrate  Utiities  Help 14Feb2004 00420 55 Fle Control Setup Measure Calibrate  Utilties  Help 20Feb 2004 0500 2 File  Control Setup Measure  Calibrate  Utilities  Help 20Feb 2004 0553 ;]

Jitir. Mode ... litter-Mode

{ Acq Limit Test) Patiems: 10 ! ( Acq Limit Test) Pattems: 10 ./ Graphs

o
L

N
Bit Rate: 2.500000 Gh/s  Pat Length: 127 bits Div Ratio: 1:1 Sre: 1
TJ(IE-12):  169.3 ps DJ(&-8): 152.9 ps RJ(rms):  1.16 ps 39:#3 '
PJ(&-8): 12.4 ps DDJ(p-p): 143.5 ps DCD: 2.4 ps S0

PJ{rms):  3.91 ps 1S1{p-p): 143.5 ps

{EHEHCEE|

TJIE-12): 97.1 ps DJ(8-8): 81.8 ps RJ(rms):  1.10 ps Set
l: PJ(8-8):  12.1 ps DDJ(p-p): 72.4 ps DCD: 1.3 ps <

PJ(rms):  3.87 ps I1S1(p-p): 70.8 ps

2 "/ Results
Bit Rate: 2,500000 66/5  Pat Length: 127 bits  Div Ratio: 1:1 Sres 1
B
i
DECHE

S

- ,—
v I J1DDmVld|v l ‘)NotPrssent I )NotF'resem l 53: Egg&sﬂ\; l Tg% E—‘amm n

Hiok )

A
f

_+ [{JPiease restore reference clock signal and clear dispiay OR reset ime reference

100 miAdiv 10.0 mv/div Time: 67.0 ps/div | Trig: Free Run 100 ranlv 10lJrnV/d|\f Time: 66.1 ps/div | Trig: Pattem
2 19 my l Q |!! Reremnee: 3 a0 iz l Delay:24.1682 s I | Y3in | 3)MotPresent | 4)NotPresent | pejay. 402012 ns _Bito

>

c
Fie
]
22

Causes analyzer voltage noise to be mistaken for RJ
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UncorrelatediPeriod dittersCcouplimg

File

Analyze  Ulilities  Help 5:02 A

Cuntrul heasure

« Trigger on “suspect”
T I cross-talk coupling
| |

I Ot :": :
DR e signals.

* Averaging Trend can help
to eliminate RJ, ISI, & DCD
and “draw-out”
uncorrelated PJ
component.

« With large uncorrelated PJ

coupling component, you
et TIEW can sometimes identify
corrupter using a
Spectrum display without
special triggering.

0.0 ns/
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GV GIENO ey G e ILENdVIEasUT e erit:

File  Conkrol Setup  Measure Analyze Itilities Help 2:57 PM

Acquizition iz ztopped.
0.0 GSars  1.03 Mpt=

0 2 X

Hiztogram
Meazurement Cyc-cyc jitr(1) med ian hitz 64.05 khits E
g zcale 85 hitsf p-p peak 597 hits
y offzat 0 hits min
% scale G5.00 psf il o Max 'S
% position -G80 fg 3o 99 8%




SPIEaU SPECITUMNE OCKAVIEASUTEM el

File  Conkral Setup  Measure fnalyze Utilities Help 1:07 PM

Acquizit ion iz stopped.
0.0 GSars  1.03 Mpts E -

2.5 Gb
Data
Stream

-12.27274059 ps il H -
1809089500 ps L0050 GR

_agrslilsln 4. _j.[l.gq[l HHE
3293413258 kH




a0 OM/EIEnMIIStiCIIierseparation
File  Control Setup  Measure fnalvze Utilities Help

Acquizition iz stopped.
20.0 GRasz  10.0 kpts

Deterministic
: Averaged
Jitter
. OECTIUM
*1f2
Random
Noise

Spectrum

Hl| 200 (TR Jol»| DIEETEN <"
teazurements . Scales |

Delet Womax [T2] Clock TIE(1) ACYrmz [ ) = S
~EICIE current  301.49 fs -1.45 ps 44 6183 f=
= mean  301.681 fs 0.0 = 44.9132 1z BY regspan

min 234.5 f= -3.88 ps o.o=s Nt oa
max  377.46 fs 4.50 ps 57,6225 fs FregResolution




Anzl/sis of Jitteewitn RezTime Oseilloseocegs Fave] 2

Jitter Breakdown helps focus on real issues

Advanced FFT Filtering and Signal Processing
Decomposition of Deterministic Jitter and Random Jitter

Getting to the roots of the overall Jitter Deviatiation will help isolate
And Quantify the most significant Jitter contributors.

This will help Engineer to focus on the specific area of his design to
Improve the Jitter Value associated with it.
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BasSel(ease

Fil=

Confrol  Setup Measure  Analyze  LHilities

Help

I uhﬁlﬂnlin:: — L |

-10.0 p= 10,0 ps

ﬂdJllHlJl“Hl‘!lI“lJl I

E ] p= 0,05 C.0 p=

Constant Frequency
1.0000001

-I&Dps

1
0,0 U1

Page 66

3:19 PM

12GHz Standard EM E J

] ]
0.0 s 10,0 ps

! Bathtukb

=] }n LT 1.0 I:: LT

0T 1&-&1
O0J (p-pl
Oco
ISI(p-pl




ISIE@1IIY,

File Coniral Setup Measure  Analyze  Utilities  Help 3:20 PR

12GHz Standard EM E J

allllllnl.l

-EI:I.II:I ps 20,0 p= -10.0 p= 0.0 s 10,0 ps

! Bathtukb

QJJJJUMJI JIJ\JUJIMJHMIJIUJJHJ_,

0,05 15.0 ps I:I,I:III_II =] ;nI_II 1,I:II:: LT

Constant Frequency JI1E-121 4 z 07 [&- 8]
1.0000002 LT [ 1.36 00T (p-pl
127 (27-1] ] 1.0° oco
function 2 Tlrmz] 480 f: I51(p-pl
Both
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ISirand RanceniJitier,

File Coniral Setup Measure  Analyze  Utilities  Help 325 P

iz ztop ||'-_l|:|_
: X 12GHz Standard EMW EJ

350ps 250 ps

Samples:

_AJJIJJIJJJJ \IﬂHMJJJ.IIMIUJHJ.,

-15.0 ps 15.0 ps |:|,|:|II_II con }.—.I_II 1,|:||:: I

[lock Rec Constant Frequency JI1E-121 84.14 ps 07 [&- 8]

Data Rate 1.0000001 Gbfs BT [rms 0oy (p-p!

Fatn Length 127 [(27-11 oco

Source '] a4 j I51(p-pl
Edgez Both
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Adding Periodic Jitter
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File Coniral Setup Measure  Analyze  Utilities  Help 3:59 Pi

iz :£:t|:||:||:||'-_l|:|.
00 tpts | 126tz standard o L ANEI

Composite His RJ, P11 Hstogram
BN T] B AL o Samples: B55 k

[ ] | J| ]
-20.0 pz 0.0 = 20,0 p= -20.0 ps 0.0 s 20,0 ps

00] Histogram BER Bathitub

Samples: B5E k

_{deJIJJHMHIHI‘ JJHIIlJJIIJ-IJ—

[|[|T||:| pl

51}

Source h:nnul 1 ] I 5.7 I51(p-pl
Edges E-llth
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File  Coniral SEU_JIZI Measure  Analyze  lities Help ¢:02 P

ap IIJIj
i -Fl: 5 [ 12GHz Gtandard BH E J
[

Composite Hstogram RJ, P11 Hstogram
BN T] B AL o Samples: 101 k

I—" | lilulullllilllii I3 "'—I I—' |
-30.0 p= 0.0 s 20,0 p= -15.0 ps 0.0s

DOJ Histogram

Samples: 101 k

| EJJJIJJIJJJJJ|JIJMZIIJZIIEIJJIJIIJJIJIIJJHJJ_I

15.0 ps 0,0 U1 00 il 1,I:II:: LT

TIT1E-121 58.70 ps

]H1]
I51 [|:|-|:| ]
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PSR

File Coniral Setup Measure  Analyze  Utilities  Help ¢:03 Ph

12GHz Standard EM E J

I—" |IIII|LI_“_I|I..‘HI‘H L] "'—I

| ]
-40.0 ps 0.0 = <410 ps - 0.0s

! Bathtukb

_,_IJHJJIJJJJMJJH ‘\ ,{JJIJHHHJJJJJJ,.

0,05 15.0 ps I:I,I:III_II =] ;nI_II 1,I:II:: LT

Constant Frequency JriE-121 4 07 [&- 8]
1.0000002 LT [ 4 00T (p-pl
127 (27-1] ] 15 .1¢ oco

ISI(p-pl

Both

Page 72 %5 Agilent Technologies




HOeW A oywWernowidittern Breakd ownius  accurate

A good question that if often asked about Jitter is:

How can we sure the Algorithms used in your Jitter Analysis
Software are working accurately?

This a very good question and be confident we asked ourself this
very question a long time ago when these Algorithms were
Initially developped for Telecom Applications on 86100 Equivalent
Time oscilloscope.

The Answer is that we built a Precision Jitter Generator using only
calibrated signal generators to try various signal Jitter conditions
first individually then in combined cases.
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e Precisioniditterndransmittera

PC with Agilent 2
2.5 GDhl/s SignaTIStud?t; jﬂter ng:)c:;::"i::e
. Injection SW
Single ended, ANayzer
0.25 V levels Au.-.;?
PRBS7 pattern Vector Signal Generator DC block
Synthesizer Glogout
. . ] GPIE ——
Calibration of applied i oo L[ P
. . . rmodulator © | Generator
jitter signals is I
traceable to reference Bit Error Ratio
standards Vector Signal Generator e
GPIB
| Synthesizer ] I (g p—— o DEtrergtrDr
110 Data
* Described in ¥ modulator

Precision Jitter Transmitter,
Jim Stimple, Ransorm Stephens, " Edge Converter

DesignCon 2005 =
Jitter Test | bt 0C192 .
. =+ Risetime |= - — 6dB
Avallablg at Set o BTa |
www.Agilent.com ; il PcB

]

el




=rizielifie) Daeoie), Crizirzictsriszition ziricl Cornelizines

In Addition to general purpose Jitter analysis tools, Agilent is
member of several comitee to help define test methology and to
provide comprehensive and exhaustive solution for the
technologies of tomorrow

USB 2.0 3.0/ USB IF Wireles USB
HDMI 1.3
DISPLAYPORT
PCI EXPRESS 2.5Gb 5Gb 8Gb
SATA 1.5Gb 3Gb 6Gb
SAS 1.5Gb 3Gb
DigRF V3/V4
MIPI DSI/CSI
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