
PCI Express 3.0 and 4.0 Test 
Challenges: Link 

Equalization Testing 8Gbps 
vs 16Gbps Rx Testing
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Sequential Development of PCIe Specs and Scope

Base Specification 
• Contains all the 

system knowledge 
• Can directly be 

applied to Chip Test: 

Card Electromechanical (CEM) Spec
• Applies to Add-In Cards and 

Mother Boards
• Mitigates card manufacturer’s 

need to study the base 
specification 

• Increases reproducibility 
through PCI-SIG supplied test 
tools CBB and CLB (compliance 
base and load board)

Phy Test Specification
• Defines compliance 

tests of CEM spec in 
detail



类

脑

智

能

驱

动

未

来

类

脑

智

能

驱

动

未

来

Differences on PHY-layer between PCIe2 and PCIe3
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PCIe 4.0 Outlook and Test Challenges

• New data rate will be added 16GT/s
• Requires an output stages capable of providing pre-shoot and de-emphasis with fast enough rise-times.

• Link Equalization protocol will be similar
• TxEQ P0-P10
• RxEQ CTLE + 2tap DFE
• Max Channel Length (shorter) – more needs for Re-timers and Re-drivers

• RX clocking architectures: CC, DC and IR
• CC  Common RefClock synchronous RX and TX
• DC  Data Clocked  synchronous or asynchronous RX and TX
• IR  Independent RefClock asynchronous RX and TX
• SKP OS filtering is required!

• RX testing procedure will be standardized for all data rates 2.5GT/s, 5GT/s, 8GT/s and 16GT/s
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Why Test Receivers
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Tx/Rx Link for PCIe 3.0
Block diagram of transmitter and receiver architecture
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Dynamic Channel 
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TxEQ vs RxEQ



类

脑

智

能

驱

动

未

来

类

脑

智

能

驱

动

未

来

Dynamic Equalization
Root complex and end point will negotiate the optimized eq setting 
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Dynamic Link Equalization Handshake
The four phases of the link equalization protocol

System Board tells the Add-in Card which 
initial preset to use after the speed change 
will have been done.

Link partners settle on 8GT/s speed.

Exchange FS/LF values.

Add-in Card sets up the de-emphasis of 
the System Board’s transmitter.

System Board sets up the de-emphasis of 
the Add-in Card’s transmitter.
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Dynamic Link Equalization Loopback
The link training status state machine
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Tx/Rx Link Equalization Testing for PCIe 3.0
According to pci express electrical phy test specification
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Tx/Rx Link Equalization Testing for PCIe 3.0
Tests 2.3, 2.4, and 2.7 focus on the transmitter
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Tx/Rx Link Equalization Testing for PCIe 3.0
Tests 2.3, 2.4 and 2.7 focus on the transmitter

• The PCIe 3.0 Receiver Link Equalization Tests specified in 2.3 
and 2.4 and 2.7 provide insight to TxEQ issues and corner case 
situations

• Requires the DUT to negotiate using both Presets and 
Cursors values

• Determines if DUT responds to Preset/Cursor requests in 
the specified amount of time 

• Troubleshoot the issues between protocol 
communication vs PHY layer performance
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Tx/Rx Link Equalization Testing for PCIe 3.0
Tests 2.10 and 2.11 focus on the receiver
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Tx/Rx Link Equalization Testing for PCIe 3.0
Tests 2.10 and 2.11 focus on the receiver

• The PCIe 3.0 Receiver Link Equalization Tests specified in 2.10 
and 2.11 are the most important test of a DUT, they:

• Determine the DUT’s ability to request appropriate 
amounts of transmitter equalization

• Determine the DUT’s ability to internally apply the 
appropriate amount of receiver equalization

• Determine the quality of the DUT’s algorithm for 
optimizing the link quality

• Determine the DUT’s ability to optimize TxEQ and RxEQ
in a short period of time
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CEM Rx Jitter Tolerance Spec
According to pci express electrical phy test specification
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Setup

• Build in Jitter Sources:
• 8 Tap De-emphasis
• SJ
• RJ
• DMI
• CMI (Base Spec)
• Clock Multiplier
• ISI Channel Emulation
• Error Detector Equalization
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ValiFrame Automation Software
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Presets and Amplitude
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SJ and RJ
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DMI and Eye
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Final Calibrated Eye

Set up BERT to generate compliance pattern 
with P7 activated: 

• Adjust DM-SI to meet specified EH

• Adjust RJ to meet specified EW

• Re-check EH and if necessary re-adjust DM-SI once

• Record the final calibration values RJcal and DM-SIcal

for later usage
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Tx/Rx Link Equalization Testing for PCIe 3.0
According to pci express electrical phy test specification
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Dynamic Link Equalization Loopback
The link training status state machine
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Dynamic Link Equalization Handshake
The four phases of the link equalization protocol

System Board tells the Add-in Card which 
initial preset to use after the speed change 
will have been done.

Link partners settle on 8GT/s speed.

Exchange FS/LF values.

Add-in Card sets up the de-emphasis of the 
System Board’s transmitter.

System Board sets up the de-emphasis of 
the Add-in Card’s transmitter.
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M8020A J-BERT LTSSM Capture
Link training logging: ltssm state transitions
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PCIe 3.0 Receiver Link Equalization Testing
Example of aic tests

• Measurements made with M8020A J-BERT and PCI-

SIG interface boards

• Full calibrations were performed

• Integrated de-emphasis and sinusoidal 

interference give us a very clean lab bench 

(ignore all the mess in the background, it’s 

not necessary for the test!)
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M8020A J-BERT PCIe 3.0 Link Training
Logic-enabled sequencer
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M8020A J-BERT PCIe 3.0 Link Training
Protocol-enabled link training sequence blocks
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M8020A J-BERT PCIe 3.0 Link Training
Link training logging: link equalization settings 
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Different DUT LTSSM Examples
Link training logging: link equalization settings
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Different DUT LTSSM Examples
Link training logging: link equalization settings
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Integration at 16Gbps



类

脑

智

能

驱

动

未

来

类

脑

智

能

驱

动

未

来

New Test Challenges:
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Other Topics

• Base Spec Testing/Embedded Applications

• Sigtest vs Seasim

• Calibration and Test

• Receiver BER Test (BERT functionalities)

• Loopback through Config 

• Loopback through L0 and Link EQ

• PLL Testing
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Introducing the Protocol Aware M8020A J-BERT
Take the express lane to design verification

16 / 32Gb/s BERT, 1-4 channels
Highly integrated functionality

8-tap de-emphasis
CDR with adjustable LBW & peaking
PLL clock multiplication with adjustable LBW
CTLE analyzer equalization
Common- and Differential-Mode Sinusoidal Interference (CMSI/DMSI)

Protocol awareness
On-the-fly encoding and decoding (8b/10b, 128b/130b, 128b/132b)
Scrambler reset, seed, and start sequencing
Symbol Error Ratio (SER) and Frame Error Ratio (FER) measurements
Skip Order Set (SKPOS) addition/subtraction for asynchronous clocks
Dynamic Link Equalization negotiation
Analysis of Link Training Status State Machine (LTSSM) state 
transitions
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