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Disclaimer 
Presentation Disclaimer: All opinions, judgments, recommendations, etc. 
that are presented herein are the opinions of the presenter of the material 
and do not necessarily reflect the opinions of the PCI-SIG®. 
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Agenda 

ÁLTSSM Overview 

ÁEqualization Protocol overview 

ÁCase Studies 

ÁFinal concluding remarks 
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LTSSM OVERVIEW 

Copyright © 2011, PCI-SIG, All Rights Reserved 



PCI-SIG Developers Conference 

PCI Express Layered Architecture 
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   Two PCI Express devices exchange Training Sequences to negotiate 

link parameters like  

Á  lane polarity  

Á  link number/lane numbers 

Á  set of lanes that belong to the link 

Á  link equalization 

Á  scrambler enabled or disabled 

Á  link speed 

Á  number of fast training sequences required 

Á  ... 

Training Sequences are also used to switch the link to low power states. 

How does link training work? 

Device 
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TS TS TS TS ... 
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Á Each of the devices implements 
a so called LTSSM that controls 
the link training. 

Á LTSSM stands for Link 
Training and Status State 
Machine   

Á Link training starts in state 
Detect. 

Á An active link that can transport 
transaction layer packets is in 
state L0 . 

How does Link Training Work 
-Logical Physical Layer 
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What is a Speed Change? 

ÁAll Devices reach L0 at 2.5G first and then 
initiate speed change 

ÁSpeed change done using Recovery State 

ÁTraining sequence indicates Speed Change set 

ÁTraining sequence indicates Link Speeds 
supported 

ÁVarious timeouts in Recovery to prevent link 
getting stuck 
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EQUALIZATION OVERVIEW 
LTSSM Changes 
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Recovery Substate Machine  
(PCIe 3.0 Specification) 
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Dynamic Equalization  

ÁWhen a PCI Express link is transitioning to the 
8GT/s data rate, the link dynamically adjusts the 
equalization parameters on the link. 

ÁThere are 2 parts to this 

VThe electrical characteristics  

VThe protocol of the equalization negotiation 

ÁRemember that adding an analyzer probe may 
affect the electrical characteristics of the link. 

ÁIf no equalization is done, then the link may 
exhibit recovery cycles while in L0 or maybe not 
even get to L0 at 8GT/s 
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Equalization Negotiation  
in the Recovery Substate 
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Debugging Equalization 
Problems 

ÁWhich phase of equalization does the link get 
to? 

ÁDoes the link get to 8G with equalization 
disabled 

ÁChange the presets and coefficients that are 
being used 

ÁCheck BIOS settings on platform 

ÁMonitoring the rate of Recovery state transitions 
in L0 may give an indicator if frame errors are 
happening 
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Recovery.equalization 

ÁCheck the EC Field in the TS Ordered Sets to 
see which phase of equalization the link is in. 
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PCIe 1.1, 2.5 GT/s 

16ò Channel 

PCIe 2.0, 5.0 GT/s 

16ò Channel 

PCIe 3.0, 8.0 GT/s 

16ò Channel 

Probing Challenges 
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PCI Express 3.0 ï  
Probing Challenges 
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Which Layer is at fault? 
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Tools required for debugging 

ÁDebugging PCI Express 3.0 designs is complex 

ÁIsolate the layer that the problem occurs 

ÁThorough validation of the physical layer will 
prevent physical layer problems causing Link 
Training and Transaction Layer problems 

ÁUsing the correct tool will ease debug 
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PCI Express Tools 
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BERT Oscilloscope 
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CASE STUDY 1 
Case Studies 
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Case Study 1 

ÁElectricals Look fine on both transmitter and 
receiver 

ÁLink will not establish at 8G 

ÁWhere do I start looking? 
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Case Study 1 
Hereôs how you see it on the scope. 

Decent PCIe 3.0 8Gbps eye pattern 
Hereôs how you see it on the protocol 

analyzer.  Sorry, no link established. 
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