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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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PCI Express® 3.0 versus 2.0 
PCI Express 2.0 PCI Express 3.0 

Bit Rate 5GT/s 8GT/s 

Encoding/Decoding 8B/10B 128B/130B 

Overhead 20% 1.5625% 

Scrambling Optional Required 

Effective Bit Rate 4GT/s per lane 7.88GT/s per lane 

Transmission path Same as Gen1 Same as Gen1 and 

Gen2 

Receiver Testing Informative Required 

5 GT/s -6dB de-emphasis 

8 GT/s -6dB de-emphasis 

8 GT/s -6dB de-emphasis 

and 3.5dB pre-shoot with 

CTLE + 1-tap DFE 

Signal at receiver 
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Equalization Components 

TxEQ RxEQ 

TxEQ ï De-emphasis and Pre-shoot 

RxEQ - CTLE 

RxEQ ï DFE 
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What and Whyôs of Dynamic 

ÁWhat is dynamic? 

VBoth TxEQ and RxEQ settings can be changed at run-time 

ÁWhy does it need to be dynamic? 

VCustomers will be assured that PCI-SIG certified products will be 
able to work at the highest advertised bit rates 

VOptimal equalization setting for each combination of components 
can vary 

ïExample: server versus workstation motherboard 

VThere are too many add-in cards and motherboards to test all 
the combinations 

VDynamic equalization lets each component figure out the best 
setting based upon the situation 
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Dynamic Equalization Flow 

TxEQ RxEQ 

Á Tx implements a FIR based 

equalization 

Á 1 of 11 presets or 1 of Ó 42 cursors 

are used during TxEQ process 

Á Equalization is based on 3-tap (pre 

cursor + main cursor + post cursor) to 

create de-emphasis and pre-shoot  

 

Á Rx implements a behavior 

equalization algorithm 

Á Behavioral CTLE + 1-tap DFE 

equivalent or better 

Á Behavioral CDR 

 

Rx adjusts own settings while requesting Tx 

settings to dynamically at run-time find 

combination that will make for a E-12 BER or 

better 
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Dynamic Equalization Steps 

Á There are 4 steps in the 
equalization process: 
V Phase 0: Upstream sends Downstream 

Transmitter and Receiver presets at 
2.5G to be used upon entering 8.0G 

V Phase 1: 8GT/s link established at E-4 
BER or better; Both sides advertise EQ 
capabilities via FS/LF fields 

V Phase 2: Downstream component 
adjusts Upstream TX while adjusting its 
own RX until achieving optimal settings 

V Phase 3: Upstream component adjusts 
Downstream TX while adjusting its own 
RX until achieving optimal settings 

Á Both Preset and Cursor values 
can be used to adjust TX 
Equalization settings 
V There are 10 Presets (pre-defined 

combinations of de-emphasis and pre-
shoot)  legal for request during Phase 
0, 2, and 3 

V There are a minimum of 42 
combinations of de-emphasis and pre-
shoot available when requesting via 
Cursor values 
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Reasons for Testing 

ÁThe reason for compliance testing is to ensure 
interoperability 
VFailure to successfully negotiate equalization could cause the 

link to switch to a lower speed 

ÁExamples of non-compliance: 
V (1) No Response 

ïTrainee component fails to respond to a Link EQ request 

ïTrainer component unable to converge on a solution 

V (2) Late Response 

ïTrainee component responds too late to Preset/Cursor request 

ïTrainer component trains its receiver on false information or does 
not have enough time to train 

V (3) Incorrect Response 

ïTrainee component sets the wrong Preset/Cursor on its transmitter 

ïTrainer component trains its receiver on false information 
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Electrical Test Specification 

ÁReferences: 

VPCI Express Base Specification Revision 3.0 

VPCI Express Card Electromechanical Specification Revision 3.0 

VPCI Express Architecture PHY Test Specification Revision 3.0 
(version 0.7) 

ÁSections of PHY Test Spec (also called as the Electrical 
Test Spec): 

V2.3 Add-In Card Transmitter Initial TX EQ Test for 8.0 GT/s 

V2.4 Add-In Card Link Equalization Response Test for 8.0 GT/s 

V2.7 System Board Transmitter Link Equalization Response Test 
for 8.0 GT/s 

V2.10 Add-In Card Receiver Link Equalization Test for 8.0 GT/s 

V2.11 System Receiver Link Equalization Test for 8.0 GT/s 
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PHY Test Spec Requirements 
PHY Test Spec Section 

2.3 2.4 2.7 2.10 2.11 

Test Type TX=Transmitter Test, RX=Receiver Test TX TX TX RX RX 

DUT AIC=Add-In Card, SYS=System AIC AIC SYS AIC SYS 

Enablers Loopback via Recovery X X X X X 

Monitor Equalization Phase 1 3 2 3 2 

Calibrated Stressed Eye X X 

Fixture 3.0 CBB or CLB X X X X X 

2.0 CBB X 

Pattern CP= Compliance, MCP=Modified Compliance Pattern CP CP CP MCP MCP 

Save DUTôs Cursor associated with Preset X X 

DUTôs Final Requested Preset/Cursor X X 

Pass/Fail 
Criteria 

 

Preset Response Time, < 1 µs X X 

Cursor Response Time, < 1 µs X X 

Legal P0 to P9 Preset per SigTest X X X 

BER E-12 (Ò1 error in 2:05) X X 
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Negotiation Capability 

Á Traverse LTSSM arc to Loopback 
via long method (not the ñshortò 
method used in regular RX 
testing) 

Á The method of traditional BERTs 
the ñblind handshakeò (which is 
simply playing a fixed handshake 
pattern from memory) would be 
painfully difficult, if not impossible, 
due variation from run-to-run and 
device-to-device: 

V Timing delays 

V Equalization responses and 
requests 

V Link/Lane 

V 128b/130b coding and scrambling 
(disabling not allowed at 8G) 

V Full swing and low frequency 

Á Protocol awareness simplifies 
problem 
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LTSSM Arc for Link EQ 
State Sub-State TX (Step) Task 

Detect Quiet EI (1) Be quiet and wait 

Active EI (2) Detect a load on TX 

Polling Active TS1 (3) Advertise speed; acquire symbol lock; detect polarity 

Configuration TS2 (4) Set RX polarity 

Configuration LinkWidth TS1 (5) Negotiate Link Width 

LaneNum TS1 (6) Negotiate Lane Number 

Complete TS2 (7) Verify negotiated Link and Lane 

Idle Idle (8) Wait for Idle data symbols 

L0 Idle 

Recovery 2.5 G 8.0 G 

RcvrLock TS1 (9) Request Speed Change (14) Request Loopback 

RcvrCfg TS2 (10) Suggest TX and RX Presets (15) Wait for TS2 

Idle Idle (11) Send Idle (16) Go to Loopback 

Speed EI (12) Change speeds to 8G 

Equalization TS1 (13) Negotiate equalization 

Loopback Entry TS1 (17) Check for DUT in Loopback 

Active (18) Send loopback data 
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Electrical Capability 

ÁSignal Characteristics 

VVoltage Amplitude 

VEqualization 

ïDe-Emphasis 

ïPre-shoot 

VNoise Sources 

ïSinusoidal Jitter 

ïRandom Jitter 

ïDifferential Mode Noise 

ÁEQ Response 

VAdjust TxEQ Ò 500 ns 

VBoth electrically and 
protocol-wise 

 

 

Calibrated Eye 

Response to Link EQ 

Preset 8 at time 

of request 

Preset 7 within 

500 ns of request 
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Monitoring and Post-
Processing Capability 

ÁMonitoring 

VObserve both sides and capture waveforms 

ÁPost-Processing 

VAnalyze protocol and measure response time 

VEvaluate waveform for correct TxEQ 

Protocol Trace Waveform Capture 
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Test Setup: Major Components 
Protocol Aware BERT: 

LeCroy PeRT3 Phoenix 

High Speed Oscilloscope: 

LeCroy SDA 830Zi-A 

Signal Test ñSigTestò 3.1.70 PCIe 3.0 Compliance Test Fixtures 

CLB 

CBB 

Signal source 

Jitter source 

Link negotiation 

Waveform capture 

Transaction monitor 

Electrical measurements 

Timing measurements 

Protocol Analysis 

Jitter Calibration 

Eye Calibration 

TxEQ Preset Analysis 

Compliance Channel 
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Test Set-Up: Add-In Card 

Generator

Clock Out

Error Detector

Data Rx+

A
d

d
-In

 C
a

rd

Riser Card CBB

Rx+

Rx-

Clk In

Tx- Tx+

Power 

Supply

Ch1

Ch2

Ch3

Ch4

LeCroy 

SDA830Zi-AData Tx+

Data Tx-

Trigger Out

LeCroy 

PeRT
3
 

Phoenix

Data Rx-

SMA-SMP

cable pair 

DC Blocks

Splitters

Terminator

Phase matched SMA-SMA cable pair 

Phase matched 

SMA-SMP cable 

pair 

Terminator
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Test Set-Up: System 

Generator

Clock In

Error Detector

Data Rx+

CLB
CLK Out Tx+

Ch1

Ch2

Ch3

Ch4

LeCroy 

SDA830Zi-AData Tx+

Data Tx-

Trigger Out

LeCroy 

PeRT
3
 

Phoenix

Data Rx-

SMA-SMP

cable pair 

DC Blocks

Splitters

Terminator

Phase matched SMA-SMA cable pair 

Phase matched 

SMA-SMP cable 

pair 

Conditioner

System Under Test

Tx-

Rx+ Rx-

System board 

trace length

Terminator
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Physical Set-up for Calibration 

Generator

Clock Out

Error Detector

Ch1

Ch2

Ch3

Ch4

Data Tx+

Data Tx-

DC Blocks

LeCroy 

PeRT
3
 

Phoenix

LeCroy 

SDA830Zi-A

Phase matched 

SMA-SMA cable pair

Á TxEQ, Rj, and Sj Calibration for 
Add-In Cards and Systems use 
the same setup 

Á DM calibration for add-in cards 
use the long channel 

Á DM calibration for systems use 
the short channel 

Set-up for TxEQ, Rj, and Sj calibration Set-up for differential mode noise calibration (cards) 

Set-up for differential mode noise calibration (systems) 
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Calibration: TxEQ 

Va Vb Vc

Adjust signal amplitude, de-emphasis 

and pre-shoot until desired ratios 

achieved for various Presets 

Send Preset Calibration 

Pattern (64 zeros, 64 ones, 

128 zero/ones) 


