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Problem Statement 

ÁTypical Organizational goals 

VAdvance technology . . . Do it fast and do it cheap 

VAvoid overdesign 

 

ÁEDA simulation tools used in a piecemeal 
approach  

VCan validate PCIe® specifications but may not result 
in the most optimal design of link 

VDesign for one measurement can off set the other one 
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Problem Statement    

ÁPCIe 3.0 compliance 
requires multiple 
specifications to be met:  
VTime-domain measurements 

like rise/fall times, p-p 
amplitudes, monotonicity,é 

 

VChannel loss-budgeting  

 

VHigh-capacity simulations like 
eye diagrams and BER 
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Simulate 

Create  

measurements 

Inspect results 

Create circuit 

Schematic Simulation for 

behavior 
Á   Traditional approach: 

V   Design, simulate, and inspect the 

results by examining waveforms or 

measurements 

Á   Convergence to desired results is time-consuming 

V   Repetitive process of simulation and inspection for multiple test 

conditions 

V   Attempt to achieve desired result in one simulation may change the 

results of other simulation ï Requires trials to converge 

 

Problem Statement    
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Á   Design when implemented on IC/PCB/Package may not be 

optimal 

V A slight variation in sensitive component can cause the measurement 

to go out of range. Such components need higher tolerances. 

V   An insensitive component may have been unnecessarily provided a 

high tolerance, thereby, increasing the cost of manufacturing. 

 

 

Problem Statement    
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Analysis  for optimal and 

reliable design 

Pre-created 

circuits 

PCB/Package  layout 

Simulation IP 

-AMI 

- IBIS 

-PCIe 3.0 measurements 

- Channel variants 

- Layout templates 

YES 

Fill Layout 

Templates 

Need for a Systematic Method 

Import  

measurements 

Run Sensitivity 

Identify sensitive 

components 

Run  

Monte-Carlo 

Inspect solution  

space and  

get valid ranges  

of  

parameters 

 Is yield 

good  

enough? 

Run Jitter  

Analysis on  

extreme corners 

Is Eye/BER ok ? 

Set tolerances: 

ÅHigh for more sensitive 

ÅLow for less sensitive 

NO 

YES 

NO 

Run Nested  

sweeps 

on sensitive  

components 
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Via model 

S-Parameter 

Multi-Gigabit 

Channel Analysis 

Simulation IP   

Trace 

S-Parameter SPICE model 

IBIS model 

AMI model 
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ÁConfigurable I/O models 
V IBIS models including generic AMI dlls that can be 

characterized as per hardware measurements 

 

 

 

Simulation IP   
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ÁChannel Variants 
 

V Short 

 

 

 

 

V Long 

 

 

 

 

V Breakout 

Simulation IP     
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ÁVia models for different configurations 
V Blind 

 

 

V Buried 

 

 

 

V PTH 

 

Simulation IP    
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Simulation IP  

ÁHCSL to LVDS/LVPECL (Sweeping receiver)  
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Simulation IP     

ÁCustom measurements for Clock PCI Express CEM 2.0 
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ÁPre-created Measurements 

 
VTime-domain 

 

 

 

 

 

 

 

VEye Mask 

 

 

 

 

 

Simulation IP     
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ÁPre-created Lane topology with  

VParameterized elements for sweeps of ami-
parameters, channels, and vias 

VCompliance patterns  

VJitter injection 

 

Simulation IP 
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ÁFilling layout templates for layout constraints 

 

VImpedance-control decides the trace width and 
differential spacing 

 

VAmount of crosstalk that can be handled decides 
edge to edge air gap between traces of adjacent 
pairs 
 

VAmount of common-mode that can be handled 
decides skew between two legs of a lane 

 

 
 

 

Simulation IP 
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ÁLayout templates: Impedance tolerance 

Simulation IP 
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ÁLayout templates: Micro-strip/Stripline Diff-pair 
spacing/width 

Simulation IP 
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ÁPre-created Link topology to verify crosstalk effects 

ÁLayout templates: Skew inter and intra-lanes and 
convert to routing schedules 
 

 
Intra-pair 

Inter-pair 

Simulation IP 
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Simulation IP 

ÁLayout templates: Skew inter and intra-lanes 
and convert to relative constraints 
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Systematic Simulation Methodology: 
System Designer 

Á IBIS/AMI model characterizes the hardened PHY 

VPHY Designed to meet standard specifications 

 

ÁObjective: To ensure PHY is able to drive channels 
worse than specifications (for cheaper designs, post-
route cross-talks, and to build extra margins) 

 

ÁCreate solution-space of channel-variations with the 
following parameters: 

VChannel configurations 

VTrace tolerances 

VVia Types 

VPackage/PCB routing patterns 
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Á Examples of Channel parameters: 

VAC-Cap value, Trace impedance, Lane 
spacing, Skews, Via-types, Channel-type 
 

Á Sweep each Channel parameter separately to 
inspect sensitivity per parameter: 

VRun Channel Analysis and transient 
simulation to obtain sensitivity of channel 
parameters 
 

Á Run nested sweeps of identified sensitive 
parameters 

VExample Via-types, AC-Cap value 
 

ÁObtain the valid ranges of parameters within 
which the specifications are met 

 

 
Copyright © 2012, PCI-SIG, All Rights Reserved 27 

Import  

measurements 

Run Sensitivity 

Identify sensitive 

components 

Run  

Nested sweeps 

on  

sensitive  

components 

Systematic Simulation Methodology: 
System Designer 
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Á Run Monte-Carlo on the channel variants to 
verify PCIe 3.0 transient and high-capacity 
simulation-measurements corresponding to the 
min/typ/max buffer processes 

 

Á AC-Cap value, Trace impedance, Lane spacing, 
Skews, and Via-types 
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Run Sensitivity 

Identify sensitive 

components 

Run  

Nested sweeps 

on sensitive  

components 

Inspect solution  

space and  

get valid ranges of  

parameters 

Import Measurements 

Systematic Simulation Methodology: 
System Designer 

Run  

Monte-Carlo 
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Á If the yield is low, control  the most 
sensitive parameter(s) by tightening 
tolerance: 
 
For example, if the yield comes out to 
be 80%, tighten the tolerance of more 
sensitive components. 
 
AC-Cap and via are more sensitive in 
this case. 
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Systematic Simulation Methodology: 
System Designer 

Run Sensitivity 

Import  

measurements 

Identify sensitive 

components 

Run  

Monte-Carlo 

Inspect solution  

space and  

get valid ranges  

of  

parameters 

 Is yield 

good  

enough? 

Set tolerances: 

ÅHigh for more sensitive 

ÅLow for less sensitive 

NO 

Run Nested  

sweeps 

on sensitive  

components 
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Á Inspect worst-case 
combinations for jitter-
analysis to inspect margins 

 

Á Convert analyzed topologies 
to Electrical Constraint Sets 

VMap electrical quantities 
to physical parameters, 
Layout Templates 

 

Copyright © 2012, PCI-SIG, All Rights Reserved 30 

Systematic Simulation Methodology: 
System Designer 

Import  

measurements 

Run Sensitivity 

Identify sensitive 

components 

Run  

Monte-Carlo 

Inspect solution  

space and  

get valid ranges  

of  

parameters 

 Is yield 

good  

enough? 

Run Jitter  

Analysis on  

extreme corners 

Is Eye/BER ok ? 

Set tolerances: 

ÅHigh for more sensitive 

ÅLow for less sensitive 

NO 

YES 

NO 

Run Nested  

sweeps 

on sensitive  

components 




