Addressing Crosstalk Challenges from Design
Simulation to Actual Board Analysis and Debug
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Objective and Agenda

*Objective
« Show a complete closed-loop approach from simulations to measurements for design problems
related to crosstalk

*Agenda
* What is the closed-loop approach
* Crosstalk simulation and correlation with measurement
* Crosstalk measurement and debug/analysis
e Summary
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Agenda

What is the closed-loop approach
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Before We Start...

CROSSTALK REFRESHER

 Crosstalk is amplitude interference with aggressor’s data pattern

Impact on Eye

Victim In /
_______________________________ Real-Time Eye
/ 111595 kUL

Aggressor AV
4 Real-Time Eye
L. 118,282 ku1
Victim Out

With crosstalk

At = Av/Slope

victim

At
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Types of Crosstalk

CROSSTALK REFRESHER

* Crosstalk is becoming a more important issue, as data rates increase, and
more lanes are packed into a small space.

» Mainly caused by capacitive or inductive coupling between multiple
transmission lines and/or power delivery networks.

 Prominent Sources:
* Next End Crosstalk (NEXT)

Far End Crosstalk (FEXT)

Power Supply Induced Jitter e
* Noise coupling through PLL

1 Wims

Voltage Dependent Amplitude Noise
« Affecting data level 0 and 1

Simultaneous Switching Noise
« Data line aggressing power supply
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Crosstalk Consideration in Your Design Cycle

THE CLOSED-LOOP APPROACH - REDUCE BOARD SPINS!

Guide for debug process

Simulation Measurement

« Goal: Analysis/debug
crosstalk in actual
board

* Pinpoint aggressors

» Quantify severity

» What-if analysis

» Pass-fail analysis

* Feedback to simulation

« Goal: Avoid crosstalk issues
at design phase
» Board pre-, post-layout analysis
* Power supply analysis
* Design exploration, What-if
analysis
* Optimize performance

Model validation, measured model, waveforms, etc
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Crosstalk Simulation vs. Measurement

Simulation Measurement

Development Phase

Tasks/Contributions

Engineering Cost

Requirements
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Pre-production

Avoid crosstalk issues at the design
phase

» Predict potential crosstalk

» Design exploration

*  What-if analysis

« Performance optimization

Lower

» Before product is manufactured

« Simulation effort

« Significant time to optimize
simulation

Software

« Simulation software

» Board layout data

» Device models (SMD, IBIS, etc.)

Post-production

Analyze crosstalk issues after a

product is manufactured

* Pinpoint sources of aggressors
(root cause)

* Quantify severity

* What-if analysis

« Feedback to simulation

Higher

« After product is manufactured

« Significant time and effort to
pinpoint root cause.

* Re-spin of product can be
expensive

Hardware and software

* Instruments (e.g. oscilloscope,
network analyzers, probes)

* Analysis software



Agenda

*Crosstalk simulation and correlation with measurement
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Crosstalk Simulation

SIMULATION TECHNOLOGIES AND MODELS FOR CROSSTALK

— Simulation accuracy greatly depends on simulation models’ accuracy

- Simulation Technologies — Simulation Models
« S-parameter simulation
: : * Channels and PDN
 Transient Convolution
- Multilayer Library

« Channel Simulation o
* Pre-layout circuit models

* Memory Designer Simulation (DDR Bus) - EM (Electro-Magnetic) models

» Post-layout EM models

Accounts for complete electro-
magnetic behaviors

ADS (Momentum and FEM)
EMPro (FEM and FDTD)
SIPro/PIPro EM models

 TX/RX Drivers
- IBIS model
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S-Parameters

S-PARAMETER SIMULATION s LA

* Analyze channel's impedance and transfer function

S(1,1)

$(2,2)

fran (0 NNNNLI= 4 90 ANALIZY

S(3,3)
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Simulated output waveform

02

Eye Diagram — With Measured Data ]

TRANSIENT CONVOLUTION SIMULATION 00

 Transient convolution simulation is required with measured data source
« Complete time domain analysis with s-parameter channel data

* Channel loss removes the high frequency component from the output waveform
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Waveform Analysis

TRANSIENT CONVOLUTION SIMULATION

* Measured (Red) vs. simulated (Blue) @ Load
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Note: Individual measurements were performed at
the source and load. Therefore a manual time delay
was applied to the output measured data to
synchronize it with the simulation data.
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Full Board/Channel Analysis

DDR BUS SIMULATION - W/ CLOCK SYNCHRONIZATION

- Statistical analysis at ultra-low BER level (1e-16) e

o — o=
 Apply statistical technique to the jitter, channel and Tx/Rx directly D] °Ié
to construct the Eye and BER contours
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Crosstalk Contribution/Removal Analysis

DDR BUS SIMULATION - W/ CLOCK SYNCHRONIZATION

« Crosstalk contribution/removal analysis is a simple process by turning on and off the aggressors in simulations

No Crosstalk:

By Both Aggressors:
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By Only Aggressor 1:
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By Only Aggressor 2:

Eye Summary with no crosstalk

measurement ...fim_Load.Summary
Levell 2636 m
LevelQ 21.80m
Height 164.0 m
Width 184.8p

Eye Summary with crosstalk

measurement .fim_Load.Summary
Levell 2659 m
LevelO 21.93 m
Height 61.00 m
Width 1121p




Simulation With IBIS Model

HTTP://IBIS.ORG

* IBIS (Input/Output Buffer Information Specification)

- Digital IC design of 10 buffers can have >10,000s transistors 'O Buffer Representation (IBIS Open Forum)

« SPICE simulation of only 100 bits takes many hours of simulation e cm
* IBIS models characterize the measured or simulated SPICE results into a E
more convenient behavior model - o
- Improves the simulation accuracy and speed Pulldown o

DQTX V_PRBS A1 “::E

DQTx

DQTx_A1 A e o
IBIS_DO R 10

= IBIS4 Loin [

IbisFile="arria2_gx.ibs" Coin
ComponentName="arria2_gx"
PinName="10"

ModelName="arria2_gx_tx_100_4"
SetAllData=yes
DataTypeSelector=Typ
UsePkg=vyes

nnnnnnnnnnnn
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Simulation Results With IBIS Model
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Measurement Setup With Oscilloscope

CORRELATING SIMULATION AND MEASUREMENT

* The victim and aggressors are connected to the scope via SMA cables.

» These aggressors can be turned on and off with the button to the side of each SMA connector.

SRS
s 80 _:‘!
— Sa5
wwswamwel =
Ty snw i
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Side-By-Side Comparison

MEASURED VS. SIMULATED

= =] o e
=== =i
5 T

/
/

Real-Time Eye
240.626 kUl
1 wfms

Measured Simulated

Note: IBIS model may not match to the device measured
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Agenda

*Crosstalk measurement and debug/analysis
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Crosstalk Analysis and Debug

WHERE DO YOU BEGIN?

Sometimes, simulation can be different from reality. How do you deal with crosstalk issues?

Product failing due to
crosstalk issues.

the right probing solution.
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Probing High-Speed Signals on the Board

HIGH BANDWIDTH, LOW LOADING ACTIVE PROBES

i Wide variety of
Galieadll B B infiniiMax probing
heads to look at  ESSESSEE S _
solutions,

different signals [F—
quickly and easily Sy 1.5to 33 GHz

KEYSIGHT Crosstalk Simulation vs. Measurement
TECHNOLOGIES

Solder-in and Zero Insertion
Force (ZIF) probe heads for
secure connections when
debugging

i L 60l
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Challenge1: Legacy Method of Measuring Crosstalk

* 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.

Victim
Challenges:
Turn off » No special test modes to turn on and off
m) Aggressor aggressors
Manually measure the

crosstalk effect on the eye « Huge effort and time to characterize

/_% with aggressor on and off crosstalk from multiple serial aggressors.

Victim

Turn on
E> Aggressor

S — === < Power supply cannot be turned off.

e - Time Eye
118282 kUl
LWfms
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Challenge2: Power Supply, Non-Linear Crosstalk

» For serial data lines, VNA can be used to characterized the crosstalk because they are linear network model.

» However, the influence of power supply noise to serial data jitter and amplitude distortion is non-linear and no easy way to
characterize the crosstalk transfer.

A g ] |t R L R S Pt o 8 T o i ¢ el e i st e s

Serial Data Victim

M P o 8 O i g W 3 ey e el DU T L e e, g A i | i o

Non-linear Time- Interval Error
crosstalk

transfer

LF Ripple

600 ns. ns 1.00 ps

Power supply noise creates a non-linear transfer on the serial data timing error. The crosstalk transfer is
difficult to solve and correlate.
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Challenges Solved by Keysight Crosstalk Application

» Legacy method that requires special design test mode and power supply crosstalk can be solved with the Keysight analysis
tool.

* N8833A/B Keysight Crosstalk Application Tool provides:

CrossTalk
* Crosstalk Identification T e T
Enable
« Which signals are coupling onto your victim? @victim X | @ngor2 X| © ngar2 | € hoora 3| ©
Name: |Victim |Seurce: |Channel 1 | ¥
g . B4 This signal is a Vic Vertical
® CrOSStalk Quantlflcatlon B This signal is an Aggressor © Automatic @ Manual
Signal Type
* How much error does each aggressor add to your victim? Sersl Daa
© rperiodic @ Arbitrary A ol e
¢ CrOSStaIk Removal for AnaIySIS e SC:I';:I:IZT;E::.UJ remove their crosstalk
. . T otk RecoveTTTT Name Signal Type
 What would your signal look without crosstalk? e |8 ©rn[seraiva
R B B © Aggr2 Power Supply
« How much margin can be recovered on your signal without crosstalk? :

-

« If the signal was failing spec, can it pass without crosstalk?

KEYSIGHT
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Crosstalk Simulation vs. Measurement
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Results from the Keysight Crosstalk Tool

1. Crosstalk Identification

2. Crosstalk Quantification

3. Crosstalk Removal for Analysis

KEYSIGHT
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File Control Setup Display Trig

VicAggr|Volt, Skew (s)|Volt, Ermor {rn15}

(1 Mg 100.0 ps

13%

Measure Math Analyze Utlities Demos Help De_.;_é 15

Plot victim eye-diagram

=

Eye Width(xt1) 113.312 ps
Eye Height(xtl) 1383 mV

B © Eye Width(1) 68.51 ps
© Eye Height(1) 832 mV

% Measurement

weerm  VVhat-If Analysis for
1363 my making important

68.51 ps

832 my design decision



Crosstalk Analysis Setup

1. Probe up to 4 signals (Aggressors or victims).
No simulation models or inputs are required.

e,
T — g h!u'i! i

4. The app reports the amount of crosstalk from
each aggressors and return a waveform

without crosstalk for analysis. —

Seal |EIIUBA | SEIW 3

Real-Time Eye
308.378 kUI
1 Wims

Real-Time Eye =
307.866 kUI

1 Wims

rms)| Am-XST (V hich) (%rms)[Amp-XST (V low)(%

L1399 % 20699%
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i Cross Talk Wizard e

The victim signal is the one you suspect is being impacted by other signals

(or perhaps even itself).
Victim .
- Victim

Aggressor Count

Source

‘ Channel 1 \7'

Aggressor 1

Aggressar 2

Aggressor 3 Name
Signal Type
|serial Data 7|
- Pattern
© Periodic @ Arbitrary
Auto Length

A v

2. Setup the victim signal.

Cross Talk Wizard
An aggressor signal is one that is causing crosstaln

Victim Number of aggressor signals

Aggressor Count E] I Y ‘

Agagressor 1

Aggressor 2

Aggressor 3

3. Set the number of aggressors and
configure the aggressor type.




NEXT and FEXT Crosstalk on Victim

WITH KEYSIGHT CROSSTALK DEMO BOARD

Victim eye-diagram Victim eye-diagram
No aggressors NEXT & FEXT aggressors

April 04, 2016 1:05:38 PM : Monday, April 04, 2016 7:48:23 PM

: Monday,

Apr 4, 2016

oaded Memory4|

v

500ns  -400ns -30 -2 -1.00 ns s 1.00 ns

seal awl|

mv

SeIW [20IHAA | 9
SeaW [BJILAA

-43.7 mV

mv

-144 mv

-194 mv

Real-Time Eye
1.44180 MUL
11 Wfms

oov

.7 mV -50.0 mV

mv -100 mv

“laamy -150 mv

-19¢ \"]
o4 m 00 mv
00ps 20 ps

800p 120p 200ps 200ps 120ps 160 ps Wps 1

@ 100ns/ [-24.10ps
"% | Results_(Measure All Edges)
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Removing NEXT and FEXT with Crosstalk Tool

No Aggressors

With NEXT and FEXT Aggressors

Keysight Infiniium : Monday, April 04, 2016 7:48:23 PM

Real-Time Eye
1.44180 MUT
11 Wfms

800ps

% | Results_(Measure All Edges)

B Rasilts_(Measia Al Edges)

NEXT and FEXT Removed by the
Crosstalk Tool
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Removing PSIJ from Victim with Crosstalk Tool

No Aggressors

Measured Victim with Power

Power Supply Aggressor removed by the
Crosstalk Tool
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Jitter Improvement Without Power Supply Crosstalk

WAVEFORMS WITH AND WITHOUT CROSSTALK USED FOR JITTER

ANALYSIS.

File Control Setup Display Trigger Measure Math Analyez flities mos _Heln T i
— ? pr— | R File Control Setup Display Trigger Measure Math Analyze Utilities Demos Help
(o] gl f

Waveform Window 1 Waveform Window 1

50.0 mv/ |[0.0V

Waveform Al
with XT

240 mV
180 mv

120 mv

60.0 mv
0.ov

-60.0 mv

e} =120 MV

Seajy [EDILSA | SE3W BWIL

174 ns 194 ns
|200 ps/ |2.54223ns | (@)

Jitter/Noise RJ,PJ Histogram

| une| [ A RIPIHisto ||Graph5|Z| ] R Waveform
without XT

TJ = 158ps
PJdd = 58ps
DJdd = 68ps

-45.00 ps -22.50 ps 05 2250 ps

|?\ Results (Measure All Edges)
=

‘| Source Memory 1 Rlmsnamow 649 ps DDJpp 1234 ps Clock Recovery  Constant Freq
- RJ Method Spectral 3332ps DCD 738ps Edge Direction  Both
Data Rate 6.247551 Gb/s ansitions 155142 k Slpp 564 ps Measurement TIE (Phase)
Pattern Length 127 (27-1) Jrms 717 ps DDPWS 1118 ps
TI{1E-12) 124,60 ps Jb; 2746 ps F/2 (Even/Odd) 880 fs

J|E1550.13)

Source Channel 1 Rlrms,narrow 646 ps

TJ — 124 i Clock Recovery  Constant Freq
RJ Method Spectral DI&E 67.99 ps - pS Edge Direction  Both

Data Rate 6.247552 Gb/s Transitions 155.401 | —_ | Measurement TIE {Phase)
Pattern Length 127 (27-1) Plrms 2106 ps PJ d d - 2 7 pS B

TI1E-12) 158.91 ps PI&S 5842 ps DJ d d — 3 3 p S

|e1550.1)
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Scope Waveforms used in Simulation Environment

§|o|50‘@ mv/ ||0.0 v

|seaw |E‘IJ!1]9A| sea 3

Waveforms from the crosstalk tool can be saved
and used to optimize the simulation.

Ere_AL Soure
- 1 scqnad Soure
Aggressorl [ P R |
4K 3
SiopTmes 100 nac
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Agenda

Summary
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Crosstalk Simulation and Measurement

Crosstalk is becoming a major challenge
in design.

Use close-loop approach through
simulation and measurement.

Simulation can help predict crosstalk
issues early.

T T T T T TTTT]
100 150

TTTT[TT T [TTTT[TTTTTTT
200 250 300 350 400

Measurement with Keysight crosstalk

tool can help analyze and debug issues.

KEYSIGHT Crosstalk Simulation vs. Measurement
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Crosstalk Simulation vs. Measurement



