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Why Jitter?

Digital Data Transport = high speed serial
Timing Margins are Thin

Functional --> Parametric

Ensure Bit Error Ratio

Need Actionable Insight
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Agenda

Quick Review of Jitter

Creating a Jitter Transmitter
What's driving Jitter specs?
New RJ/DJ measurement tools
Measurement examples

« Summary/Q&A
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Jitter
* A Measure of the time variation of the significant
instances of a digital signal from their ideal positions
in time.
Single
transition /
< Unit Interval
Overlaid +
transitions ’ |
!
“Total® Titter The EYE Diagram
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A Jitter Taxonomy

Data-Correlated | Data-Uncorrelated

Random
Jitter (RJ)
Periodic Jitter
PJ

Total
Jitter (TJ)
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Jitter and BER

BER [Pk Dev/O

Unit Interval ———»

1x108 | 5.73
1x101° | 6.47
O 1x1012| 7.13
1x104 | 7.74

TI, =14*C

With DJ:
Tl =DJ+14*G

Overlap indicates BER

=

u Sampliﬁg Point
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Frequency & Clocking

Jitter in a System: a Model

Transmitter Medium

Data —
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A Jitter Source

RF Amps Agilent 81134A Semi-Rigid Coax
Data _| or Transmission
@— ———— —| Line Filter
= (I) @ > Z > LP{
PLL |
Threshold—]
33'223 A Combiner| and DC Bias
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Key Question

 How do you know what you have??

—Answer #1: use Agilent Timing Interval and Jitter Analysis
Software

—Answer #2: Use fundamental Measurements and own
statistical analysis
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Jitter Transmitter Cal and Performance

» What is the Accuracy of RJ and DJ in any given state?
»  What is the Intrinsic or Residual Jitter?
*  How much contribution to RJ do you get from DJ sources?
*  How much DJ do you get from RJ source?
*  What is the interaction of the DJ sources?

Total Jitter correlation

BERT
Jitter Transmitter 54855 JitterSW
BT - Agilent 86100
ch2 DCA

With 86107High
Precision Timebase
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Calibration Process

1. Quantify Jitter Transmitter Residuals
a. RJ
b. DJ

2. Evaluate RJ only source
a. Multiple values of RJ
b. Evaluate Histogram Shape
1. Evaluate sigma (o)
2. Evaluate Undesired DJ

3. Evaluate Deterministic each Jitter Source
a. Multiple values of DJ
b. Consider Potential for interaction with other sources
c. Evaluate Histogram Shape
1. Change in Baseline sigma
2. DJ Evaluation
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Process Example: all jitter sources

» Baseline
" ¢ =2.7ps
= DJ =4.8 ps

eee -~Histogram /"
Mear 3688 ne median 24.63706 ns

std dev 2.84667 ps hits 6.084 khits Lot §
p-p 189.33 ps atla £9.9 ¥
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Process Example

 RJ Source

— Must choose source carefull
y Low Level: 6= 4.1ps

! DJ = 4.8ps
High Level: G =10.6 ps
o DJ = 48ps

1x107}

PDF Comparison of Noise Sources __(log scale)

Probability

1x107]

1x10°]

1x107) \

MO —3 =2 1 0 I 2 3 4 5

Gaus i
“““““ Voltage (in standard deviations)

— NC506
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Process Example

Sinusoidal

» Periodic Source
Low Level
= o= 2.7ps
= DJ=17.5ps
High Level
= o= 2.7ps
» DJ=63.5ps
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Process Example

= All combined

PJ=63.5
DDJ=28.2
DCD=35.1

» o= 10.6ps
» DJ =154 ps

= Total Jitter:
TJgert= 253 ps
* TJdggr =302 ps!
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Real-Time Oscilloscope Measurements

« MJSQ' standards recommendations on
jitter measurement test equipment

» Real-time oscilloscope vs. BERT
— Capture of V vs. t data
— Capture of threshold time-tags only
— Statistical differences in wall-clock time
— Jitter debug with additional views

' “Fibre Channel Methodologies for Jitter and Signal Quality Specification”, T11.2 / Project 1316-DT/ Rev 12.0
ftp://ftp.t11.0rg/t11/pub/fc/mjsq/03-042v3.pdf
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Real-Time Oscilloscope Measurements

Bottom-line is accurate estimate of TJ at
specified BER level

Acquiring enough data to measure a
10-'2 BER would take a lot of time

What if we could estimate RJ/DJ
accurately to predict TJ?
Extracting RJ and DJ

— Curve fit of histogram

— Spectrum analysis
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Real-Time Oscilloscope Example

2.5Gbps PRBS Pattern 31-bits (25-1)
» Capture 1Mpts of data at 20GSa/s

* 50us/400ps = 125,000 UI~1000 patterns
» Calculate confidence level:

— For no errors, acquire 3.84/BER Ul for 95%

— Example: 125,000 Ul per acquisition
+ 3.8412/ 125,000 = 30,072,000 acquisitions
* This would take over 3 days!
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Amherst Systems Associates

M1 Time Interval and Jitter Analysis
« Patent license agreement with Agilent

Technologies

» Offered as Agilent Time Interval and
Jitter Analysis Software

» Leveraging 20+ years of ASA’s clock,
timing and data jitter measurement
expertise
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Amherst Systems Associates

M1 Time Interval and Jitter Analysis
» Comprehensive suite of RJ/DJ

extraction methods in compliance with
MJSQ recommendations

« Additional analysis tools for
decomposing jitter signature during
functional debug and system
characterization
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Rj/Dj Methods

« Pattern-Marker based

— one method
« Best Fit/Equivalent Jitter based

— two methods based on Edge Jitter/TIE

— two methods based on Pulsewidth Jitter

— five methods based on TIA-Style sampling
» Duty-Cycle Distortion

— Calculated independently of RJ/DJ
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All Non-Pattern Methods
Combination of BERT-scan and Curve Fit
Actual Data
° Individual event data iS Bathtub Curve / BER Estimation !
combined to form a Bathtub E \‘" :, 1
Curve . /
. . g’ -1d \\ /’
* The tails are fitted to extract % = \
E -16 ‘
RJ/DJ values b AR
« The RJ/DJ values areused to " o o
extrapolate down to lower Extrapolated Data
U_"“; BERLevel R [oo33 U T o Ul
BERS :DSEC WefiZ D) [o7E U me[iE U
I A DCD: [ggzs Ul =
#of acgs l1— Clear Data | Help |
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+ Eye-diagram
view allows
alignment of
entire data
acquisition vs.

valid window

recovered clock

» Mask testing for
measuring data-

SATA 1.5Gbps Example

Line Graph: Eye Diagram - Data

=10

0.0

| , , | | ‘ | ‘ , |
! ‘ f { { ‘ | { ‘ f |
0500 0700 0900 1400 1.300 1500 1700 1900 2400 2300 2500
ul
Graph Controls — Units Find waveforn | [ Hakers e
Top  [340.000 | € tme e | -
= [l Eraenmlc L
Bottom [-340 001 <V Fefics | [y oap Setings| | Floating BER [Noenors
“qyy - Trioger
Dely [0800 Ul [ %00 | Save | nomaiee MidT [0430 = mgv[ioony =
widh [2000° {0l | C Negative| __Heb | ov [0040 =] dMinv[TZ3530mv =]
Pint | B 5
+ Both tint Teial WZ’ dMax-vlmj
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SATA 1.5Gbps Example

« Bathtub curve shows
extrapolated data for
estimating TJ and eye
opening at lower BERs

* Accumulate mode allows
longer time captures to
identify random occurrences
and converge toward more s
accurate TJ estimates (

Bathtub Curve ; BER Estimation ===
0
-2 I'l III
-04
= I |
il | |
{TH R
g WH |
— 12
[}
& 14
= ]
-1
-20
0.0 1333 2666 4000 5333 GGG
psec
BER Level R |3s psec T [ig57 psec
& et 1EIE|T DJ: Wpsec pe Wpsau
DCD
¥ Acoumste e Fiirt
#of acgs; |1 Clear Data Help I
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SATA 1.5Gbps Example

Application Specific Measurement Window

IR eT
* Provides critical Test Print

{!"‘ DRV Out © DRV Conn ¢ RECY Conn © RECYIn
measurements vs. the
SpeCified Values Parameter| DJ spec | DJ meas ‘ Td spec | TJ meas
a0 017 i .
* Accumulate mode and stop = 053 _
on failure allow test to run
hands-free pe e o ]
I].24IJ I]:ﬁl] 0.305]

» DJ appears to contribute as fall U000 2% 0H0 02%
Vg N N
much toward TJ as RJ [diff][m\f} 400 SROETT 600 651,380
— DJ=0.073 Ul pk

DU/T Speciisalions: P AL Cotpied?

Other 5 pecific.

Instructions: Complete instructions

# Acgs: |1 ¥ late on the use of this ASM can be
EEHTHEE fouind in the M1 Help fle.

- TJ = 0155 UI pk ["| Stop and Alert on spec violation
Cloze I Help I Print Clear Data
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SATA 1.5Gbps Example

EilLine Graph: Random Data P Jitter - Relative to Mean Yalue

58.3565
46.6852
* Sometimes the 30138
measurement jjgjj:
trend can identify o000
RJ vs. PJ, but 3
. . -23.3426
not in this case o
* A histogram will Pulses
better identify the | fs s = FZE,%E—% Fee
distribution of . el e e e |
measured amns e o
H Markers KeepSelings o [0000ps  |0000ps  PeakPesk
s;l'jz‘;‘”dth e B, g2
I” Mesn ' Std Dew. 1 o
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SATA 1.5Gbps Example
=il
+ ldentify a major
source of DJ as
a side-tail to the
RJ distribution
4 | 4 |
|¥T|T:;P—S|% i st | [ BECelBin Widh
Population _ Mean Std. Dew. |—< Zoom Out 1 s
lizzéjuss\an Vla‘_mwﬁlz:n i SEIJE?SGNCI 2 Accu:v::atte aff
i M‘ Bin Data Of ——
Help | Save I Filter Off
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SATA 1.5Gbps Example
Jitter Spectrum - Data|Phase Noise 0 ]
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Page 32

+ Identify periodic
and data
dependent jitter
frequencies

* Troubleshooting
tool for eliminating
accidental
crosstalk jitter or
identifying 1S

- Agilent Technologies
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QllLine Graph: Period - Basic =10l x|
* 456 MHz
distributed clock |
H =
signal
* Includes a PLL
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600
L .
* This isn’t the kind
of distribution we | _ |
want for our
perfect clock! o
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Isolated energy
peak at 114 MHz
suggests sub-
harmonic

Clock PLL Example

Jitter Spectrum - Clock | Phase Noise
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Revisit our
measurement
trend

Zoom in to find S

that 114 MHz
crystal output is
finding its way
into the VCO
output

Clock PLL Example

PlLine Graph: Period - Basic
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Quick Review of Jitter

Creating a Jitter Transmitter
What's driving Jitter specs?

New RJ/DJ measurement tools
New Jitter analysis and debug tools
Measurement examples
Summary/Q&A
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Summary

* Increasing signal bandwidths are creating jitter
sources (ISI, dispersion, etc.)

— Need a jitter transmitter for simulation and calibration
of test equipment

— Need RJ/DJ separation to speed analysis time and
compliance testing
* Analysis tools provide much greater insight as
to root cause, beyond RJ/DJ

* Resources:
— Jitter www.agilent.com/find/jitter info
— Oscilloscopes www.agilent.com/find/infiniimax
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www.agilent.com/find/infiniimax

Agilent 54850 Infiniium Performance Series

235 GHAOLGGHE

e 4 channels
e Up to 32 MB deep memory

e Up to 20 GSals sample rate/channel

] MEEA@(J()/IH/ technology

¢ Infiniium award-winning usability

* Timing Interval & Jitter Analysis Software

Model BW |Channels| Sample |Standard| Optional
Rate Per | Mem/Ch | Mem/Ch
Channel

54853A |2.5GHz 4 20GSals 256K 1M/32M

54854A | 4 GHz 4 20 GSals 256K 1M/32M

54855A | 6 GHz 4 20 GSals 256K 1M/32M

Page 39

Agilent Technologies




