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Agenda 

ÁLTSSM Overview 

ÁEqualization Protocol debugging 

ÁPower Management debugging 

ÁCase Studies 

ÁFinal concluding remarks 
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LTSSM OVERVIEW 
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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 

A 
Device 

B 

TS TS TS TS ... 

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 2.5GT/s 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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Equalization Negotiation  
in the Recovery Substate 
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Speed Change to 8GT/s 

ÁEach side of the link goes through the Recovery 
state to reach 8GT/s 
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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 two 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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Tools Required for Debugging 

ÁDebugging PCI Express 3.0 designs is complex 

ÁIsolate the layer in which the error 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 

ÁChoose whether the Oscilloscope or Protocol 
Analyzer is the right tool 
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Protocol vs. Electrical 

ÁDo the protocol and electrical match each other? 

VFor example, one link partner is asking for Preset 4 
and the other acknowledges it but does not actually 
set its TX to the correct levels 

ÁBefore debugging the stability of the link, ensure 
that the TX and RX Signal Quality is good on 
both sides 
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Debugging Equalization 
Problems 

ÁWhich phase of equalization does the link get 
to? 

VUse an analyzer to trigger on EC=00, 01, 10, 11 to 
find the phase that it gets to 

ÁDoes the link get to 8GT/s with equalization 
disabled 

VAlthough the link may drop back to 2.5GT/s, try 
looking for a DLLP (e.g. UpdateFC) at 8GT/s to see if 
link reached L0 
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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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Debugging Equalization 
Problems ï Continued 

ÁDoes the link stay at 8GT/s or does it drop back 
to 2.5GT/s or 5GT/s 

VIf the link does get to 8GT/s, does it continuously 
transition to Recovery? 
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Entering Recovery State 
Which Side Initiates it? 

Copyright © 2012, PCI-SIG, All Rights Reserved 

Recovery Starts 
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Rules for TX Coefficients 

ÁFS ï ñFull Swingò  

ÁLF ï ñLow Frequencyò 

ÁC-1 and C+1 represent the coefficients for pre-
cursor and post cursor in the FIR 

ÁRules are defined based on Electrical Properties 
of the TX 

Va) |C-1| <= Floor (FS/4) 

Vb) |C-1|+C0+|C+1| = FS (Do not allow peak power to 
change with adaptation.) 

Vc) C0 -|C-1|-|C+1 |>= LF 

ÁSee PCIe 3.0 Base Specification Section 4.2.3.1 
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Equalization Debug 

ÁChange the presets and coefficients that are 
being used 

VDo the coefficients being advertised abide by the 
rules for FS/LF 
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The FS of this device is 24 but the USC is asking for coefficients 0,25,0 

Reject Coefficient is set 
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Other Checks 

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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Which Layer is at Fault? 
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Power Management  
(ASPM) Debug 

ÁOne of the most challenging areas of debug in 
PCI Express is around the Active State Power 
Management States (ASPM) 

ÁThe link is transitioning into and out of Electrical 
Idle 

ÁIt is very difficult to track down problems when 
ASPM is enabled 
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L0s or L1? 

ÁThere are different levels 
of power management  

VL0s provides the least 
amount of power saving but 
the lowest latency ï It is also 
independent of direction 

VL1 provides greater power 
savings but has a longer exit 
latency 

ïL1 entry is a negotiation and 
both sides of the link enter this 

state. Exit is through Recovery. 
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L0s Problems 

ÁSupport of L0s was made optional in the 3.0 Base 
Specification, in previous spec revisions it was 
mandatory 

ÁThe exit latency is very short to performance impacts are 
less, however this can be difficult to debug 

Á If the receiver does not lock onto the Fast Training 
Sequence Ordered Sets (FTS), then the link may need 
to go through the Recovery state to get back to L0 

ÁThe number of FTSôs required by a device to lock are 
advertised in the N_FTS field in the Training Sequences 
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Capturing L0s Problems 

ÁDue to the short exit latency from L0s, using a protocol 
analyzer to debug can be challenging 

Á In order to make this easier, telling the analyzer which 
link settings to use can work better than automatic 
settings 

ÁTypical L0s Exit latency can be 10-20 FTSôs 

VAt 2.5GT/s, each symbol is 4ns, so each FTS is 16ns. The exit 
latency and hence required lock time of the analyzer must be 
less than 160ns. 

V It may be that an oscilloscope is needed to trigger on the exit. 

ÁOften, triggering on the EIOS prior to entering L0s can 
be easier 
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Is ASPM Turned On? 
Á Look for Fast Training Sequences, it is possible that the exit from 

L0s fails and causes a transition to Recovery 

Copyright © 2012, PCI-SIG, All Rights Reserved 28 



PCI-SIG Developers Conference 

ASPM L1 

ÁEntry to L1 is through a negotiation at the Data 
Link Layer, PM_Enter_L1 DLLPs are sent and 
PM_ACK DLLPs are used to Acknowledge the 
request 

ÁExit from L1 is through the Recovery State 
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ASPM Debugging 

ÁWhen starting to debug a problem with ASPM, 
try to turn off all ASPM states and ensure that 
analyzer can accurately capture the traffic on the 
link 

ÁIt is common to see nothing on an analyzer trace 
when ASPM states are turned on 

ÁIt is important to make sure your analyzer is set 
up properly prior to trying to debug problems 

ÁL0s and L1 are independent and can be turned 
on or off independently. Try turning one or other 
off when debugging. 
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CASE STUDY 1- 
EQUALIZATION FAILS 

Case Studies 
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Case Study 1 

ÁElectricals Look fine on both transmitter and 
receiver 

ÁLink will not establish at 8GT/s 

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

Decent PCIe 3.0 8GT/s eye Diagram. 

Hereôs how you see it on the protocol 

analyzer.  Sorry, no link established. 
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Case Study 1 ï  
What Should I Look For? 

ÁFirst, does the link even try to go to 8GT/s? 
Check the capabilities in the TS Data Rate fields 
to ensure the link is capable of 8GT/s (0xE). 

ÁHas software disabled the capability? 
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8GT/s Advertised  
Shown in TS1 

Data Rate Field = 8GT/s Capable 
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