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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 
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ÁQuick Overview of Verification methodology approaches 
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ÁFirst approach – Complete verification 
V typical tests 

VPitfall Example 1- Equalization phase 2 

 

ÁSecond approach – Application based verification 
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VPitfall Example 2- Recovery.Speed condition 

VPitfall Example 3- L1 Entry while receiving TLPs 
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PCIe® 3.0 verification 
challenges 

ÁThere are many big changes in the protocol. 

ÁMany complicated mechanisms were added 
(Equalization for example) 

ÁThe entire PHY layer was changed 

Á“There are so many things to verify!” 
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Quick Overview:  
Advanced Verification Approach 

VE Start ProductionPrototypeChip

Integration

Module

Set Two
Module

Set One

Actual Metrics Achieved
Target Metrics Milestones

Missed Milestone

Successful Milestone

VE Start ProductionPrototypeChip

Integration

Module

Set Two
Module

Set One

Actual Metrics Achieved
Target Metrics Milestones

Missed Milestone

Successful Milestone

Failure and 

metric 

analysis 

Execute 

Construct 

   Plan    

Yes No 

Done Signoff? 

Test cases 

Checks 

Coverage 

Verification 
IP 

Optimized Resource Utilization 

Measure 
and analyze 

Metric-based 

Sign-off plan 



PCI-SIG Developers Conference Copyright © 2011, PCI-SIG, All Rights Reserved 7 

Agenda 

ÁPCIe® 3.0 verification challenges 

ÁQuick Overview of Verification methodology approach  

ÁVerification approaches 

ÁFirst approach – Complete verification 
V typical tests 

VPitfall Example 1- Equalization phase 2  

 

ÁSecond approach – Application based verification 
V typical tests 

VPitfall Example 2- Recovery.Speed condition 

VPitfall Example 3- L1 Entry while receiving TLPs 

 



PCI-SIG Developers Conference 

Verification approaches 

ÁThere are 2 verification approaches: 

VComplete verification –  

ïMainly done by IP developers 

ïVerification of each and any aspect of the spec 

VFeature base verification –  

ïMainly done by IP integrators 

ïLegacy IPs verification 

ïAssuming that the 3’rd party IPs are already verified 
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First Approach – Complete 
Verification 

ÁTypical for IP developers 

ÁVery deep verification is needed.  

ÁAll parts of the spec will be verified. 

ÁTakes time and effort 
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Complete Verification-     
Typical Tests 

ÁTL test that randomize all TL header fields 

ÁDLL test that sends random ACKs  

ÁPL test that sends the DUT to random LTSSM 
states 
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Let’s check an IP developers 

BUG 
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Pitfall Example 1-  
Equalization Phase 2 

12 

ÁEqualization Procedure, Phase 2 

VAdded late to the 3.0 spec 

VUpstream Port adjusts the Transmitter setting of the 
Downstream Port along with its own Receiver setting 

RC 

 

EP 

 

Downstream Port Upstream Port 

Adjustment of 

Transmitter Settings 
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Equalization Phase 2 
Sequence of Events 

13 
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Downstream Port Upstream Port 

TS1s: EC = 10, Value C1 

TS1s: EC = 10, Value C1’ Illegal/Unsupported 

TS1s: EC = 10, Value C1’ Rejected 

TS1s: EC = 10, Value C1” Legal 

TS1s: EC = 10, Value C1” Accepted 

TS1s: EC = 11, Value C2 

Downstream Port 

Initiates Phase 2 

Upstream Port 
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Let’s Focus on  
Downstream Lanes 
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Three Functionality Aspects 

15 

ÁFunctionality in this 
section could be broken 
down to 

V Start of Phase 2 

V Transmitter accepts 
proposed settings update 

V Transmitter rejects proposed 
settings update 
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vPlan: Start of Phase 2  
Á Coverage: 

V TX Phase 1 to Phase 2 
transition 

V TX TS1 OSs with EC=10 on all 
lanes 

V RX Illegal Phase 1 to Phase 2 
transition by Upstream Port 

Á Checks: 

V DUT does not send TS1s with 
EC=10 on all lanes 

V DUT sends TS1s with illegal 
presets or coefficients 

Á Error scenario: 

V Illegal transition to Phase 2 by 
Upstream Port 

16 
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vPlan: Accept Transmitter 
Settings Update 

17 

Á Coverage: 

V RX: Legal preset update request on 
all lanes 

V RX: Legal coefficient update request 
on all lanes 

V RX: Two last received consecutive 
TS1s have different preset value 

V RX: Two last received consecutive 
TS1s have different coefficient value 

V TX: Transmitter settings update 
accepted on all lanes 

Á Checks: 

V DUT does not send TS1s with 
EC=10 on all lanes 

V DUT sends TS1s with illegal presets 
or coefficients 

V Transmitted TS1s do not reflect 
requested presets/coefficients 
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vPlan: Reject Transmitter 
Settings Update 

18 

Á Coverage: 

V RX: Illegal preset update request on 
all lanes 

V RX: Illegal coefficient update request 
on all lanes 

V RX: Two last received consecutive 
TS1s have different preset value 

V RX: Two last received consecutive 
TS1s have different coefficient value 

V TX: Transmitter settings update 
rejected on all lanes 

Á Checks: 

V DUT does not send TS1s with 
EC=10 on all lanes 

V Transmitted TS1s do not reflect 
requested presets/coefficients 
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A story of a bug 
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User Topology: 
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Port 
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Suite 

User Testing Flow: 
1. Executed Equalization tests with no error 

2. Observes a ‘coverage hole’ in one of the 

equalization  verification plan – ‘Reject of 

the equalization coefficients by the DUT’ 

3. Adds test that sends different, invalid 

coefficient value followed by a valid set  

4. RC moves from Phase 2 to Phase 3 without 

validating block alignment (receiving EIEOS) 

after updating values 
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Second Approach – 
Application Based Verification 

ÁTypical for IP integrators or for legacy project 

ÁUsing third party IP, assuming that the IP is 
verified.  

ÁVerification focuses are: 

VNew applications 

VRelevant flows 
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Application Based  
Verification - Typical Tests 

ÁTL test that targets the application memory 
space 

ÁPower Management test to check application 
specific power states 

ÁConfiguration test that enables bits relevant to 
the Full Chip flow 
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Let’s check 2 IP integrators 

BUGs 



PCI-SIG Developers Conference 

Pitfall Example 2- 
Recovery.Speed Condition 

ÁPHY next state is Recovery.Speed if 3 
conditions are met.  

ÁThe first condition is met if 1 of 3 sub conditions 
are met. 
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Recovery.Speed - Bug History 

ÁAn IP integrator, ran the PCIe VIP test suite.  

ÁSome 3.0 tests failed because they didn’t reach 
8 GT/s speed 

ÁDeeper investigation led the user to the 
condition section in the 3.0 spec 
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Pitfall Example 2- The 
Discovery 

ÁThe user third party vendor IP waited for 8 
consecutive TS2 Ordered Sets on all  lanes 

ÁThe VIP BFM test sent 8 consecutive TS2 
Ordered Sets only on lane 1. 

ÁDUT didn’t move to Recovery.Speed when 
needed. The link didn’t reach 8 GT/s speed 
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A Story of a Bug 2 
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User Topology: 

Test 

Suite 

User Testing Flow: 
1. Ran the test suite of the VIP 

2. A specific Gen3 tests failed. It didn’t get to 8 

GT/s speed 

3. Used the VIP debugging tools to find the 

problem 

4. EP does not move into Recovery.Speed 

state when 8 consecutive TS2 OS are 

received on non 0 lane 
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Pitfall Example 3- L1 Entry 
while Receiving TLPs 
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L1 Entry - Bug History 

ÁAn IP integrator integrated a PCIe IP with a card 
that includes power management. 

ÁOne VIP power management test failed 

ÁThe BUG: 

VRoot Complex initiated L1 Entry  

VRoot Complex kept sending TLPs 

VThe integrated IP did not transition to L1 Entry but 
sent completions 
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A Story of a Bug 3 
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User Topology: 

Test 

Suite 

User Testing Flow: 
1. Integrated PCIe IP with a power managed 

application 

2. Tested power management using VIP test 

suite 

3. EP received a CFGWR0 that sent it to L1 

Entry 

4. EP continued to complete RC requests 

5. EP did not transitioned to L1 Entry 
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Summary 

Á“It is a lot of work to verify this spec!” 

ÁThe BUGs are out there 

ÁBUGs are tricky to find. 

ÁIP integrators find IP bugs 

ÁUsing combination of test suite, coverage and 
vPlan is essential for PCIe verification 
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 Thank you for attending the  
PCI-SIG Developers Conference 2011. 

 

 

 For more information please go to 
www.pcisig.com 


