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Abstract  

As serial link speeds increase, systems become more ñStressedò.   Loss, low probability 

deterministic jitter, crosstalk aggression from densely packed signal nets, via and 

connector impedance and associated resonances, and package and power delivery issues 

all add their own jitter density function, resulting in a net jitter picture that is inherently 

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

and higher serial data transmission systems, which will begin at pre-layout 3D EM 

extraction, continue with the material parameters identification and post-layout analysis 

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

timeliest of topics in signal integrity at the present time. 
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Introduction  and Purpose  

 

The design of reliable interconnects for applications above 10 Gb/s has become a 

complex engineering process that involves multiple interrelated steps to ensure the 

compliant signal integrity of the final product. By establishing high levels of confidence 

in the design flow by maintaining 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 is to illustrate key engineering aspects related to maintaining 

high level correspondence between system simulation and post layout measurements, 

focusing on jitter analysis correspondence with system simulation. We will address this 

by discussing the design of a cohesive measurement platform which consists of serial link 

structures which mimic both atypical and typical backplane-like pathologies. Atypical 

structures are not found in backplane signal paths, but are used for calibration, 3D EM 

model correspondence, material identification, etc.  Several novel crosstalk experimental 

structures have been developed as well.   Utilizing this hardware, and a carefully selected 

toolset and developed methodology, we intend to show how those steps and technologies 

fit together as a whole ñend-to-endò process.   

 

 
Figure 1 - The Modeling Platform as designed. 
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Organization and Flow  

 

1. Design Methodology Overview  

2. Pre-layout board and structure design 
3. Establish Toolset requirements 

4. Benchmark Convolution generated eye diagrams of system 

simulation with that of jitter measurement equipment 
5. Compare pre-layout simulation results with frequency 

domain measurements for fabricated platform 

6. Identify material properties and establish loss models  
7. Show improved post-layout correspondence with extracted 

material properties and 3D EM extracted S-parameter 

models 
8. Show direct jitter measurement correspondence, including 

RJ-DJ extraction, to system simulation results  

9. Conclusion. 
 

 

Terms Used In This Paper  

 

LRM ï L ine Reflect Match.  

 

SOLT - Short, Open, Load, and Thru. Traditional full two calibration which typically 

utilizes three impedance and one transmission standards to define the calibrated reference 

plane. 

 

TRL ï Thru, Reflect, and L ine. A two port calibration which utilizes a minimum of three 

standards to define the calibrated reference plane. Provides the same information as a 

SOLT calibration via a different algorithm. 
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Design Methodology Overview  

 

Since design methodology of a complicated backplane system is being addressed, it is 

appropriate to define the process, which we show in Figure 2: A simplified block 

description of the design process of a high-speed digital channel. Although most of the 

steps are quite obvious, each step deserves a brief overview to prepare the reader for the 

detail to follow. 

 

 

System Validation

Knowledge of Material 

Properties and Design

Layout and Choices of 

Geometry, Stack-up, 

Connectors and Materals

3D Solver to Predict S-

Parameters

Simulation of ñEyeò, ñJitterò 

and ñCross-talkò

Fabrication

and Assembly

Evaluation of ñEyeò 

ñJitterò and ñCross-talkò 

Measurements

TDNA and/or VNA 

Measurement of

 S-Parameters

Materials Properties 

Extractions

Expensive 

iteration

Expensive 

iteration

Inexpensive 

iteration

Expensive 

iteration

  
 

Figure 2: A simplified block description of the design process of a high-speed digital channel 
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Pre -Layout Board and Test Structure Design  

 

A test platform was conceived and a number of test structures proposed. After stackup 

considerations are established and reviewed with our fabrication vendor of choice the 

engineer typically gets some form of graphic stackup or equivalent information with 

associated material properties to achieve impedance objectives and manufacturability 

criteria (see Figure 3 - A board design starts with vendor supplied stackup and material 

values. below).  This is required information not only to begin the design (width, 

separation of traces) but also to perform pre-layout estimate of all desired jitter 

pathologies.  

 

We found through experimentation that these vendor produce stack-ups are at best rough 

estimates, but still define where you are at the pre-layout stage.  The assumption early on 

was that we would have minimal information;   no experience with prior fabricated 

products from the vendor selected, and that later we would compare simulations of S-

parameters and system level jitter results with that of the post-layout collateral
1
.  This 

information, combined with all detail of the physical 3D configuration of the complete 

circuit, would then be used to understand and predict the performance of the transmission 

media.  

 

 
Figure 3 - A board design starts with vendor supplied stackup and material values. 

 

Once stackup layers were defined impedance objectives were established. First 

generation fabrications have only materials, stack up, and estimated material properties 

established. The assumptions concerning the material properties had now been made by 

the engineers. The team arbitrarily decided on a target value of 5% minimum cross-talk 

from aggressor to quiet victim. All parties reviewed this proposal and the project was 

moved forward to the layout process.  Figure 4 shows what the fabrication vendor 

provided in terms of materials estimates and stackup for their process: 

 

                                                
1 Post-layout collateral consists of hardware, extracted material properties, and loss models for all 

structures. 
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Figure 4  Fabrication vendorôs CMP-08 board materials and stackup in Simbeor 2011 

 

Some structures were intended to permit simple benchmarking experiments for material 

extraction. Others were designed to produce more detailed and complex crosstalk 

scenarios.  A summary of the relevant test structures and their function is described in 

Table 1 below. 

 

Structure Intended Purpose 
Singled Ended Microstrip and 

Stripline Trace Structures, 3 to 14 

inch lengths 

Used for extraction of material properties (Dk and 

LT) using Simbeor 2011. 

Differential Microstrip and 

Stripline Trace Structures, 3 to 11 

inch lengths 

 

Used for loss model verification in both Pre and 

Post layout (post layout uses extracted material 

properties). Also used for relating simple ISI 

(ñdeterministic jitterò) for comparison, 

measurement versus system simulation.  

Neves Pathological  Simple imbalanced 3 inch DIFF transmission with 

crosstalk aggressor.   Used to analyze impact of 

impedance degradation due to coupled trace, mode 

conversion and added crosstalk aggressor. 

McMorrow Coupler 

 

 

Emulates the equivalent of several strong 

aggressors in three places along a differential 

stripline interconnect. Used to evaluate real 

interconnect cases with the inclusion ISI 

(ñdeterministic jitterò) for comparison, 

measurement versus system simulation. 
Table 1 ïSummary 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 coupons for making 50 Ohm airline calibrated measurements of 
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board impedances.   They are also used for localizing the reference plane very close to 

test structures using TRL/LRM calibration methodology, although this capability exists. 

The resulting pre and post layout S-parameter model, either 3D EM extracted or lab 

measured, included all launch and T-line impact. Accordingly, for the purpose of this 

paper only SOLT calibration was performed.  

 

 
Figure 5 - (left) 14 inch Single-ended 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 3 inches to 11 inches in length, where each SMA transition into the 

structures is 1.5 inches long.   The differential topology provides the ability to compare 

against the differential via field, and confirm loss modeling. 

 

Special Coupling Structures 
 

There are two significant structures aimed at more complex crosstalk cases (see Figure 6 

- Layout of Neves Pathological Test Structure (left), and McMorrow Coupler (right)), one 

designed by Al Neves, and the other by Scott McMorrow.  

 




























































































