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Outline

ÁIntroduction

ÁData Link Layer Issues

ÁPhysical Layer LTSSM issues

ÁTransaction layer Issues

ÁCompliance and how it helps
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A Little Magic...

ÁCard Trick Anyone?
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So what has PCI Express 
got to do with Card tricks?

A. Not a lot?

B. It is a packetized, serial protocol with a strongly 
defined rule set and multiple state machines?

C. I don't know but the real time 3D effects look 
great when I am playing Solitaire at work

.
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PCI Express is strongly 
sequenced

ÁEvery transaction 
follows Preset rules

ïRequest ï
acknowledgment

ïresponse ï
acknowledgment

ÁEvery transaction is 
sequenced to follow 
the previous event

ïIf not acknowledged go 
back and send again
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Where to look

Physical

Data Link

Transaction

ÁData link layer problems 
can be the most difficult 
to detect in development

ÁPhysical layer issues for 
protocol are mostly 
related to the LTSSM

ÁTransaction layer 
problems mostly due to 
legacy carry over (at 
present)
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Typical Assumptions

ÁThe Physical 
connection is the hard 
part?

ïHint: Approx 60% of the 
PCI Express spec is 
related to Protocol 
Stack

ÁOnce the Physical 
signalling is OK it 
works right?

ïMost problems to 
debug will be protocol 
related
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What to view on the bus?
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PCI / PCI - X PCI 
Express

Wave shape often required

Relative Edge timing >33 signals Lane - skew

Clock recovery/lock N/A Yes

symbol decode N/A Yes

De - Scrambling N/A Yes

Flow Control HW half 
duplex

SW full 
duplex

Split Transactions No/Yes Yes

Error detection Parity LCRC/ECRC/
CRC16

Link based state machines N/A many
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The Raw Data Solution
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The Segmented Data Display
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A Tabular Data Solution
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The Formatted Data Solution
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The Decoded Data Solution
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The Decoded Data Solution
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The Decoded Data Solution
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Correct Tools to support 
PCIe development

ÁPCI 

VScope 

VLogic Analyser

VProtocol Analyser

ÁPCI Express

VScope

VLogic Analyser

VProtocol Analyser

VPeRT3
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PCI Express Test Tools

http://www.lecroy.com/Oscilloscope/OscilloscopeSeries.aspx?mseries=45&capid=102&mid=1017
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Common Protocol Pitfalls

Physical

Data Link

Transaction

ÁData link layer problems 
can be the most difficult 
to detect in development

ÁPhysical layer issues for 
protocol are mostly 
related to the LTSSM

ÁTransaction layer 
problems mostly due to 
legacy carry over (at 
present)
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Data Link Layer Issues

ÁMost problems are related to flow control 
mechanisms

ÁMost DLL FC problems will not be discovered by 
the current compliance tests

ÁMany DLL FC problems are not discovered until 
after a product is released 
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Detecting Credit errors
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LOOK 

HERE!
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Calculation of credits 
from replay

ÁTypical Scenario: 

ÁRoot port has 6 credits for the channel so it sends 6 
packets to an endpoint. 

ÁThe Endpoint acknowledges the first 3 but indicates the 
fourth has failed (NAK).

VHow many credits have been used?

ï3? Because 3 packets were good?

ï6? Because 6 packets were sent?

ï4? 3 good + 1 bad but everything after the bad one is ignored?

ï0? Because is was NAKôd and all 6 must be resent
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An Incorrect answer 
could lead to eventual 
credit lock  or buffer 

overrun

Packet

Packet

Packet

Packet

Packet

Packet

R
o

o
t

E
n

d
P


