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Abstract

As serial link speeds increasg,y st ems b ec o me Loss, lowprabaébility e ssedo.
deterministic jitter, crosstalk aggression from densely packed signaVviaetsd

connector impedance and associated resonamoggackage and powelelivery issues

all add their own jitter density functipresulting in a net jitter picturénat isinherently

complicated. This paper represents a rigorous and practical crosstalk analysis of 10Gbps

and higher serial data transmission systems, whittlbegin at preayout 3D EM

extraction continue with the material parameters identification and-lagsut analysis

and end with direct jitter measurement and separation. We believe this is one of the

timeliest of topics in signal integrity #te pregent time.
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Introduction and Purpose

The design of reliablenterconnects for applications aboi® Gb/s has become a

complex engineering process that involves multiplerrelatedstepsto ensureghe

compliant signal integritpf the final productBy establishing high levels of confidence

in the design flow bynaintaining consistency throughout pre and post layout phases of
development less design spins result, designs are more scalable, and future designs are
created more rapidly.

The purpose of this paper isitlistrate key engineering aspects related tontaaing

high level correspondence between system simulation and post layout measyrements
focusing on jitter analysisorrespondence with system simulatigve will addresshis

by discussing the design afcohesive measurement platfowiich consists bserial link
structuresvhich mimicbothatypical and typical backplarie pathologiesAtypical
structures are not found in backplane signal paths, but are usadifoation 3D EM

model correspondenceaterial identification, etc. eéveralnovel cosstalkexperimental
structures have been developed as weltilizing this hardwareand a carefully selected
toolset and developed methodologse intend to showow those steps and technologies
fit together as a whold e +oee n grocess.

Figure 1 - The Modeling Platform as designed.



Organization and Flow

Design Methodology Overview

Pre-layout board and structure design

Establish Toolset requirements

Benchmark Convolution generated eye diagrams of system

simulation wih that of jitter measurement equipment

5. Compare prdayout simulation results with frequency
domain measuremernfier fabricated platform

6. Identify material properties and establish loss models

7. Showimproved postayout correspondence withxtracted
materialpropertiesand 3D EM extracted-Barameter
models

8. Showdirect jitter measurement correspondenas®luding
RJDJ extraction, tosystem simulation results

9. Conclusian.

HownN e

Terms Used In This Paper

LRM i Line ReflectM atch

SOLT - Short, Open,Load, andr hru. Traditional full two calibration which typically
utilizes three impedance and one transmission standards to define the calibrated reference
plane.

TRL T Thru, Reflect, and.ine. A two port calibration which utilizes a minimum of three
standards to dife the calibrated reference plane. Provides the same information as a
SOLT calibration via a different algorithm.



Design Methodology Overview

Since design methodology of a complicated backplane system is being addressed, it is
appropriate to definéhe process, which we showhigure2: A simplified block

description of the design process of a kégieed digital channeAlthough nost of the

steps are quite obviousach step deserves a brief overview to prepare the readbe f

detail to follow.

Knowledge of Material
. . . -
Properties and Design :
Expensive Expensive
iteration * iteration
—
Expensive Inexpensive
iteration iteration

Fabrication
and Assembly

Materials Properties

Extractions System Validation

Figure 2: A simplified block description of the design process of a highpeed digital channel



Pre -Layout Board and Test Structure Design

A test platform was conceivexthda number of test structures proposeftier stackup
considerations are established and reviewed avittiabrication vendoof choicethe
engineer typically gets some form of graphic stackupquivalent informatiomwith
associated material propertiesatchieve impedance objectives and manufacturability
criteria(seeFigure3 - A board esignstarts with vendor supplied stackup and material
values.below). This is required information not only to begin the design (width,
separ#éon of traces) but also to perform geg/out estimate of all desired jitter
pathologies.

We foundthrough experimentation thtesevendor produce staakpsareat bestrough
estimates, bustill definewhere you are at thaere-layoutstage. The assmptionearly on

was thatwe would have minimal information;no experience with prior fabricated
products from theendor selected, and thatér we would compare simulationsf S-
parameters and system level jitter reswiith that of thepostlayoutcollateral. This
information, combined with all detail of the physical 3D configuration of the complete
circuit, would thenbe usedto understand and predict the performance of the transmission
media.
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In
Figure 3 - A board designstarts with vendor supplied stackup and material values.

Once stackupayers weralefinedimpedance objectivesere establishedrirst
generation fabrications have only materials, stack up, and estimatedah@toperties
establishedThe assumptions ooerningthe material properties hatbw been made by
the engineers. The team arbitrarily decided terget value 05% minimum crossgalk
from aggressor to quiet victim. All parties reviewed this proposal and the pngsct
movedforward to the layouprocess Figure4 shows whathe fabrication vendor
provided in terms of materials estimates and stackup for their process:

! postlayout colhteral consists of hardware, extracted material properties, and loss models for all
structures.



=58 Materials: T=20[°C], RF=2,...

-8 "Copper", RR=1, SR=0.5

E "air!

----- € "Prepreq", Dk=4.02, LT=0.02, FLM=WD

----- € "Core", Dk=4.34, LT=0.02, PLM=WD

----- £ "Soldermask", Dk=4.5, LT=0.02, FLM=WD

-1 StacklUp: LU=[mil], ML=6, T=62.66[mil], SML="Soldermask", 1.7S[mill)
1| Signal: "signall”, T=1.6, Ins="Air"

2| Medium:; T=3.466, Ins="Prepreg"

3| Flane: "Flanel", Cond="Copper", T=1.2, Ins="Frepreg"
4] Medium: T=14, Ins="Core"

5| Signal: "Signalz”, T=1.2, Ins="Frepreg"

&| Medium: T=7.728, Ins="Prepreg"

7| Signal: "Signal3”, T=1.2, Ins="Prepreg"

8| Medium: T=14, Ins="Core"

9| Plane: "Flane2", Cond="Copper", T=1.2, Ins="Prepreg"
-l 10] Madium: T=9.466, Ins="Prepreq"

--mm 11| Signal: "Signal4”, T=1.6, Ins="Air"

0, 0), Signall

Figure 4 Fabrication v e n d GMPS08 board materials and stackugn Simbea 2011

Some structurewere intended to permit simple benchmarkaxgeriments for material
extraction. Others were designed to produce more detailed and complex crosstalk
scenarios.A summary of the relevant test structures and theationis descriled in
Table 1 below.

Structure Intended Purpose
Singled Ended Microstrip and Used for extraction of material properties (Dk ar
Stripline Trace Structures, 3to 14| LT) using Simbeor 2011.
inch lengths
Differential Microstrip ard Used for loss model verification in both Pre and
Stripline Trace Structures, 3 to 11| Post layout (post layout uses extracted material
inch lengths properties). Also used for relating simple ISI

( deterministig i tt er 0) for co
measurement versgystem simulation.

Neves Pathological Simple imbalanced 3 inch DIFF transmission wi
crosstalk aggressor. Used to analyze impact o
impedance degradation due to coupled trace, m
conversion and added crosstalk aggressor.

McMorrow Coupler Emulakes the equivalent of several strong
aggressors in three places along a differential
stripline interconnect. Used to evaluate real
interconnect cases with the inclusiti

( deterministig i tt er 60) for co
measurement versus system simulation.

Table 17 Summary of channel modeling platform test structures relevant to this paper
Single Ended Trace Structures

Single ended transmission lines are basic elements used for material extraction and also
serve as impedance test coupdor making 50 Ohm airline calibrated measurements of



board impedances. They are also used for localizing the reference plane very close to
test structures usinbRL/LRM calibration methodology, although this capability exists.
The resulting pre and pbleyout Sparameter model, either 3D EM extracted or lab
measured, included all launch andiffe impact. Accordingly, for the purpose of this
paper onlySOLT calibration was performed.

Figure 5 - (left) 14 inch Singleended Test Structures, Microstrip and Stripline, (center) 14 inch
Single-ended Test Structures, Microstrip and Stripline, and (right) Differential Stripline Trace
Structures, Single Pair, 3, 6, and 11 inch lengths

Differential Trace Structures
There are numerous differential structures of both microstrip and stripline configuration,
ranging from 3nches to 1inchesin length where each SMA transition into the
structures is 1.fnches long. The differential topology providés ahlity to compare
against thalifferentialvia field, and confirm loss modeling.

Special Coupling Structures
There are two significant strucs aimed at more complex crtak casegseeFigure6

- Layout of Neves Pathological Test Structure (left), and McMorrow Coupler (rjigimte
designed by Al Neves, and thther by ScotMcMorrow.
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