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Disclaimer

ÁAll 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®.

ÁThe material included in this presentation 
reflects current thinking of the presenter and 
should not be evaluated as direction from the 
PCI-SIG®. 
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Overview
Á This presentation looks at the challenges faced when implementing 

a PCIe 3.0 8GT/s solution.

Á The  revision  3.0 PCI Express Specification does more than just 
double the banner  data rate of the Revision 2.0 specification. PCIe 
3.0 fundamentally changes  the physical layer transport and 
introduces new challenges for the PCI  Express  developer.  

Á PCIe  8GT/s  introduces concepts, such as dynamic equalisation  
and  128b/130b  encoding,  that  provide  new  challenges  to 
engineers looking to debug next-gen PCIe systems.

Á The  presentation  aims  to  show  that the move to 8GT/s and the 
128b/130b encoding method is not as scary as it first appears, when 
you have a method of viewing and validating your design
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Background

ÁLeCroy has been a leading supplier of PCIe test 
tools since the beginning of PCI Express.

ÁHowever the move from 5GT/s to 8GT/s 
presented new challenges 

VMoving from 2.5GT/s to 5GT/s used the same coding 
system and predominantly was a doubling of the 
clock rate

V8GT/s fundamentally changed the physical layer

ïNo óstandardô parts to adapt

ïNew test fixtures and toolsets had to be developed
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Background

ÁThe presentation broadly follows the story of 
how LeCroy developed its products in parallel 
with the evolving specification for 8GT/s PCI 
Express.

VChallenges faced

VTechniques followed

VSolutions found

VValidation made.
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8GT/s is not just a speed bump

ÁNew encoding method

V128/130 instead of 8b/10b

ÁAlignment mechanism changed

VNo ócommaô 

ÁElectrical compensation required

VEye is closed at the receiver
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128b / 130b Encoding

Á130 bit code called a block

ÁPhysical layer uses a per lane block code

ÁEach block consists of a 2-bit block sync header 
and 128-bit payload

ÁValid Sync Headers include

V01b : Ordered Set Block

V10b : Data Block

ÁAll lanes of a multi-lane link must transmit the 
same sync header 2-bit Sync Header
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Protoco and Block view

Sync Header

130 bit Block
2 bits for sync header

128 bits for ordered set

TS1
TS2

TS2 

Packet
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Block Alignment

ÁDuring link training receivers must be able to 
locate sync headers
V EIEOS Ordered set is used to align blocks on the receive side

V Block lock condition is acquired with EIEOS packet

ÁThree possible receiver states
V Unaligned ïEIEOS is detected and receiver adjusts its 

alignment to it Ą exit to aligned

V Aligned ïIf SDS Ordered set is received move to locked, if not 
align on next EIEOS

V Locked ïExpecting sync header for data transmission.
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Block Alignment Example

EIEOS Will Be Detected by Receiver 

while Unaligned for Alignment 

Adjustment 

Receiver Moves to Aligned Upon 

Receipt of SDS following EIEOS
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Data Blocks

ÁA stream of symbols defined as a ñData Streamò 
consisting ofé
V Framing Tokens

V Transaction Layer Packets ( TLPôs ) 

V Data Link Layer Packets ( DLLPôs )

ÁData is striped across all lanes

ÁCan span block boundaries

ÁNo explicit end framing symbol
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PCIe Gen1/2 Packet Encoding

PCIe Gen1 and Gen2 

made use of framing 

óKô symbols. 

Gen 3 does not use 

óKô symbols.
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Framing Tokens

ÁDLLP
V ñSDPò Framing token is 2 Symbols long followed by DLLP 

information

ÁTLP
V ñSTPò Framing token is 4 Symbols long and includes the 12 bit 

TLP sequence number Ą followed by TLP information

ÁEnd of Data Stream
V ñEDSò Framing token is 4 symbols long and indicates that the 

next block will be an ordered set block
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Gen3 TLP and DLLP Packets

Start Token(STP) 

TLP Packet

Start Token(SDP) 

DLLP Packet

DLLP 

Packet

Packets may 

straddle the 

block boundary
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Example DLLP

Sync Header 

Changes from 

01b to 10b

SDS is sent and Receiver Moves to 

Locked upon Receipt of the next 

Sync Header Sync Header ñ10bò is received indicating 

data is to follow Ą DLLP ACK is received
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Example TLP

DLLP Update FC is 1st complete packet 

within the block

Followed by TLP Memory Write String
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TLP Length Field Protection

ÁLength field Protected byé..

V A 4-bit CRC ( Frame CRC )

V An even parity bit ( further protects the Frame CRC 
and Length Field )

ÁAll DWords in Length field must be transmitted

ÁNo explicit end character Ą next framing symbol 
comes next 
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EDS to End Data Stream

Data Streams End with EDS 

Symbol
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At the beginning

ÁCompanies developing to the early spec started 
with the PHY design and IP simulation

ÁDeveloping to early version of the specs resulted 
in various companies being compliant with 
different version of the spec

VTypically Self interoperate testing PHY-PHY

VNo óstandardô connectors

ÁWhat can you do to support developers when 
HW does not exist
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Initial design flow

ÁBefore silicon is developed a simulator is 
typically used

ÁWe needed to verify our toolset against IP 
before silicon was developed

VMany different simulators

VSpec changes had to be supported
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Simulator Pass

ÁThe idea is to take the results of HW simulation 
and feed them into the protocol analyzer toolset

VSame tool to compare simulation with real world

21

Simulator

Simulation 
Output 
Vectors

SimPASSPE
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PE Simulation Analysis

Link Tracker View

Expand simulation 
vector files into 
meaningful traffic 
displays by 
leveraging same 
GUI real world 
analysis uses
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The next step

ÁWhen PHYôs started to appear we can start to 
think about real world probing solutions

ÁThe electrical characteristics of 8GT/s 
significantly changed from sub 8GT/s speeds

VCompletely new front end design

ïCoding, framing, scrambling all changed

VStill need backwards compatible

ÁFirst step was to work around the de-embedding 
process defined in the specification
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DUT

De-Embedding

ÁDe-Embedding

VThe process of characterising the transmitters transmission path 
so that the influence of the path on the transmitted signal can be 
removed at the receiver/probing point

ïC.f noise cancelling headphones for PCIe TX

ÁVoltage and Timing budgets are so tight that de-
embedding is mandatory for 8GT/s transmitters

LeCroyconfidential2010

SoftPlot Demonstration Edition

dB

 0

-5

-10

-15

-20

-25

-30

-35

-40

-45

-50

SoftPlot +Plus+ Measurement Management Software

S11 S21

Start: 5.0000 MHz Stop: 20.0000 GHz

SoftPlot Demonstration Edition

dB

 0

-5

-10

-15

-20

-25

-30

-35

-40

-45

-50

SoftPlot +Plus+ Measurement Management Software

S12 S22

Start: 5.0000 MHz Stop: 20.0000 GHz

Low Jitter 

Clock

TP1

TP3TP2

Breakout Channel

Replica Channel

Copyright © 2011, PCI-SIG, All Rights Reserved



PCI-SIG Developers Conference

De-embedding

ÁDe-embedding gives 
the user the ability to 
view their waveforms 
as if the fixture was 
not present.

ÁFixture effect is 
defined by user-
supplied S-parameter 
file.
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De Embedding gives 2 ideas

ÁTraditional methods for S Parameter calculation 
very expensive

VPerhaps we can develop an alternative tool to 
calculate S Parameters with less effort

ïSparq of a new idea

ÁThe SMA connectors on the de-embedding 
fixture provide a starting point to verify probing 
technology
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x8 Dish for MidBus Probe

Test Board interface 

for early 

developers

Allows for connection 

to PHY test platforms
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