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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®.

PCI-SIG Developers Conference Copyright © 2011, PCI-SIG, All Rights Reserved 2



=T =oP3
ISIG

Agenda |
A LTSSM Overview
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A Case Studies
A Final concluding remarks
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*“ How does link training work?

Device
A

TS

TS

TS
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TS

TS
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Device
B

Two PCI Express devices exchange Training Sequences to negotiate

link parameters like
A lane polarity

A link number/lane numbers
A set of lanes that belong to the link

A link equalization

A scrambler enabled or disabled

A link speed

A number of fast training sequences required

A ..

Training Sequences are also used to switch the link to low power states.
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eel. . How does Link Training Work E£&&s
-Logical Physical Layer

AEach of the devices implements A
a so called LTSSM that controls  Directed by
the link training. ‘

ALTSSM stands for Link
Training and Status State
Machine

ALink training starts in state
Detect.

AAn active link that can transport
transaction layer packets is in
state LO .
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* \What is a Speed Change?

A All Devices reach LO at 2.5G first and then
Initiate speed change

A Speed change done using Recovery State
A Training sequence indicates Speed Change set

A Training sequence indicates Link Speeds
supported

A Various timeouts in Recovery to prevent link
getting stuck
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LTSSM Changes

EQUALIZATION OVERVIEW
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eaf_ Recovery Substate Machine

(PCle 3.0 Specification)
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= Dynamic Equalization

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

A There are 2 parts to this

V The electrical characteristics
V The protocol of the equalization negotiation

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

A If no equalization is done, then the link may
exhibit recovery cycles while in LO or maybe not
even get to LO at 8GT/s
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roif Equalization Negotiation
““in the Recovery Substate

Downstream Port

TS51: BEC = 01, Value C1
TS51: BEC = 01, Value C1

T51: EC = 10, Value C1

T51: BEC =10, Value C1

T51: EC =10, Value C17

T51: EC =10, Value CT17

T51: EC = 11, Value CZ'

T51: EC = 11, Value CZ7

T51: EC = 11, Value CZ7

T51: EC =00, Value C1”

T51: EC = 10, Value C1" [

T52'%s followed by IDL ————

Upstream Port

T51: EC = 00, Valus C2

T51: EC = 01, Value C2

TS1: EC =01, Value C2

TS1: EC = 10, Value C1°
TS1: EC = 10, Value C1"

T51: EC = 11, Value C2

T51: EC = 11, Value C2

T51: EC = 11, Value CZ'

TS51: EC = 11, Value C2"

T51: EC = 11, Value C2"

T51: EC = 00, Valus C2"

T52'%es followed by IDL

2.5 GT/s data rate — Speed change
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Phase 0: EQ TS2'es send
from Downstream Port to
Upstream Port.

Phase 1: Both sides send the TS1%es
and establish the link that is cperational
at a BER less than 10,

EIEOS sent every 32 TS1'es.

Phase 2: Upsiream Port requests
Doemstream Port to set ite transmitter's
coefficients or presets such that it receives
data at a BER less than or equal to 10712,
Downsiream Port may send EIEOS every
65536 TS 1'es on request from Upstream
Port. Upstream Port sends EIEQS

every 32 TS1'es.

Phase 3. Downgtream Port requests
Upstream Port to adjust its transmitter's
coefficients or presets such that it receives
data at a BER less than or equal to 10712,
Upstream Port may send EIEOQS every
65536 TS1"es on request from Downstream
Port. Downstream Port sends EIEQS

every 32 TS1'es.

Equalization Complete

Post Equalization: LTSSM goes through
Recovery. RewrLock, Recovery RewrCfg,
and Recowvery |dle to LO.

EIEOS sent after every 32 TS1U/TS52es.

A-0800
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eay__ Debugging Equalization  Ee&&=
" Problems

A Which phase of equalization does the link get
to?

A Does the link get to 8G with equalization
disabled

A Change the presets and coefficients that are
being used

A Check BIOS settings on platform

A Monitoring the rate of Recovery state transitions
In LO may give an indicator if frame errors are
happening
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A Check the EC Field in the TS Ordered Sets to
see which phase of equalization the link is In.

Sample Number
181555
131556
131557
131558
131559
131560
131561
131582
131563
131564
131565
131566
131587
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Time
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*® Probing Challenges

File Control Setup Trigger Measure Analyze Utilities Help 5 Dec 2008 5:34 PM File Control Setup Trigger Measure Analyze
Acquisition is stopped.
12 GHz 46.8 GSa/s 256 kpts

Elsl

Status | Scales

File Control Setup Trigger Measure Help
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reig  PCl| Express 3.01 =
- Probing Challenges

/Probe Point ? /Probe Point ? /Probe Point ?

R k - T
. X X
Device Device
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Need to
compensate for

Need to unsettled Need to compensate
compensate for reflections for the channel loss,
the de-emphasis need similar

from the equalization as

transmitter receiver
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~“ Tools required for debugging

A Debugging PCI Express 3.0 designs is complex
A Isolate the layer that the problem occurs

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

A Using the correct tool will ease debug
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~ s PC| Express Tools

Transaction Layer 1

Data Link Layer [
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Elecical

Oscilloscope
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Case Studies

CASE STUDY 1
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=% Case Study 1

A Electricals Look fine on both transmitter and
recelver

A Link will not establish at 8G
A Where do | start looking?
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=% Case Study 1

Herebds how you

Decent PCle 3.0 8Gbps eye pattern
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analyzer. Sorry, no link established.
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