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PCI Express 3.0 Testing Approaches for 
PHY Layer

Content in this presentation contains information about the DPO/DSA/MSO70KC 
Scope.  NDA is required until PA, currently scheduled for October 19th.

2010-10-302

PCI Express 3.0 Technology Timeline

Silicon Phase

Integration Phase

– Product Development
– PCI-SIG Tool Development

Deployment Phase

0.710.5 0.7

– CEM Spec Development

Base Spec

CEM Spec
0.5 Release 0.7

Test Spec
0.3 Release

Tektronix Involved in PCIe EWG, CEM, and SEG Working Groups

0.9 1.0

Estimated Date

Released Date

2009

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

2010 2011 2012

0.9 1.0

0.5 0.7 0.9 1.0

All Information is this presentation is based on .9 Draft Base Specification 

6 Month FYI Testing
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PCI Express 3.0
Trends and Implications

• 8GB/s using the same board material 
(FR4) and connectors results in 
increased channel loss

• Probing access at the silicon transmitter 
pins is typically not available

• Receiver equalization can only 
compensate for channel loss 

• Receiver Testing is a requirement and is 
critical to ensure system interoperability

• Energy efficiency (Lower mW/Gb/s)

Industry/Technology Trends

• Closed data eyes requiring new 
techniques for transmitter and receiver 
equalization

• Higher data rate signals have less 
margin – requires de-embedding for 
base specification measurements

• New Jitter Separation Algorithms are 
required

• Back channel negotiation to equalize the 
receiver 

• Link training and power management 
continue to be the most difficult logic 
layer challenges

Implications

2010-10-304

Transmitter PHY Layer Analysis for Transmitter PHY Layer Analysis for PCIePCIe 3.03.0
Tektronix DPO/DSA/MSO70000C Series Oscilloscopes
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PCIe 3.0 Implications for Transmitter Testing
• 8GB/s data rate using the same board material (FR4) and connectors results 

in increased channel loss
– High Frequency content of the signal is lost, effecting scope bandwidth 

requirements
– Rise times are not scaling with data rate increases due to lossy channels
– Transmitter and Receiver Equalization is more sophisticated

• Transmitter requires 3-tap De-emphasis (Pre-shoot is new)
• Receiver requires CTLE, Dfe for long channels

– Transmitter Compliance must be done with an embedded channel to ensure 
interoperability

• Probing access at the silicon transmitter pins is typically not available 
– De-embedding is required for base specification measurements to remove the 

effects of the channel between the transmitter pins and the probe access point

• New Jitter Measurements are Required
– Receiver equalization can only compensate for channel loss resulting in the need 

to separate data dependant from uncorrelated jitter
– 128b/130b encoding leads to longer run lengths requiring Pulse Width Jitter 

(including f/2 jitter) measurements to ensure single pulses are not attenuated 
resulting in receiver errors

2010-10-306

• Base Specification Measurements are defined at the pins of the transmitter

• Signal access at the pins is often not assessable 
– PCIe Base Specification outlines guidelines for designing the test board with a 

breakout channel to acquire the signal

• De-embedding is required to see what the signal look liked at the pins of the 
TX, without the added effects of the channel

• Sparameters are acquired on the replica channel

Transmitter Characterization 
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2010-10-307

De-embedding Considerations

• De-embedding amplifies high frequency 
noise, thus requiring a bandwidth filter

– This also impacts the required bandwidth for a 
RT Scope

– Bandwidth is dependent on board material 

• Successful de-embedding starts with good 
quality board design and S-Parameter data

– Matched impedance, low loss structures
– No gain, significant resonances, or large dips

• Quality of de-embedding
– Eye height and jitter
– Signal to 
Noise Ratio

5 GHz 10 GHz

5GHz Filter 10GHz Filter -> Noise amplification

2010-10-308

• Channel must be de-embedded before measurements can be taken 

• Tektronix has a PCIe 3.0 De-embed MOI available 

Base Specification Transmitter Measurements  

Signal at TX Pins Measured Signal
at TP1

Apply Sparameters Signal with Channel
Effects Removed
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Transmitter Equalization Measurements
VTX-BOOST-FS / VTX-BOOST-RS

• What’s new for Gen 3.0
– De-Emphasis (Va) and pre-shoot (Vc)
– Transmitters must support 11TX equalization pre-sets

• The high frequency nature of 8.0 GT/s signaling 
makes measurement of single UI pulse heights 
impractical due to attenuation by the package and 
breakout channel

– Amplitude measurements are taken on low frequency 
waveforms (64 ones/ 64 zeros in the compliance 
pattern) using last few UI of each half period

– Va and Vc values are obtained by setting the DUT to 
a different preset value where the desired Va or Vc
voltage occurs during the Vb interval. 

2010-10-3010

Transmitter Voltage Measurements
VTX-EIEOS-FS / VTX-EIEOS-RS

• Launch Voltage of Electrical Idle Exit 
Ordered Set

• Required to ensure that the RX can 
properly detect an exit from electrical idle

• Taken on a pattern of eight ones 
followed by eight zeros repeated 128 
times included in the compliance pattern

– Taken on the middle five UI to reduce 
attenuation effects of the channel

• VTX-EIEOS-FS  - Full Swing Signaling
– Measured by Preset 10

• VTX-EIEOS-RS – Reduced Swing 
Signaling

– Measured by Preset 1
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2010-10-3011

Package Loss Measurements
PS21

• Can be taken at TP1 while capturing silicon package loss and drive 
characteristics, but due to the high frequency content of the 1010 pattern 
the measurement must be de-embedded back to the TX pins

• Measured by comparing 64 zeros and 64 ones PP voltage against a 1010 
pattern

• Measured with de-emphasis and pre-shoot set to 0 at the end of each 
interval to minimize ISI and low frequency effects

2010-10-3012

Transmitter Jitter Measurements

• Necessary to take transmitter jitter measurements with all lanes operating in 
order to capture crosstalk effects

• Measurements are taken at TP1 and de-embedded back to the pins of the TX

• Necessary to separate uncorrelated and data dependent jitter in order to 
ensure that jitter that can be recovered is not budgeted as uncorrelated jitter

Difficult to remove (better 
components, layout)

Can be reduced by 
equalization

How to compensate

Uncorrelated  - PLL jitter, 
crosstalk, noise conversion 
(amplitude to phase)

Due to package loss and 
reflections (dynamics in the 
channel, ISI)

Cause

Uncorrelated JitterData Dependent JitterJitter measurements
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2010-10-3013

Transmitter Jitter Measurements:  Data Dependent Jitter
TTX-DDJ

DDJ Measurement Process

• Measurement taken on multiple repeats of the compliance pattern using a 1st

order CDR function representing a high pass filter

• A PDF is created for each edge crossing of the compliance pattern

• DDJ is calculated as the difference of the mean of each PDF and the recovered 
clock edge

• Measurement is defined as the absolute value of DDJ(max) – DDJ(min)

2010-10-3014

Uncorrelated Jitter Example
TTX-UDJ / TTX-UDJDD

• DDJ is removed from the PDF of each 
edge 

• All PDFs are combined resulting in the 
uncorrelated jitter

• Convert the PDF to Q-Scale

• Use Q-Scale extrapolation to estimate 

the total jitter at BER = 10-12  (Q = 7.03)
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2010-10-3015

Uncorrelated Total and Deterministic PWJ
TTX-UPW-TJ / TTX-UPW-DJDD

• Pulse Width Jitter
– Typically present on both edges of 

consecutive unit intervals
– Addresses lone bits that are attenuated 

the most in lossy channel and could 
likely cause bit errors

• ISI effects must be removed to 
accurately quantify PWJ

• Calculate edge-to-edge jitter 

• Construct Q-scale PDF curve and 
Extrapolate to BER = 10-12 (Q= 7.03) to 
determine Uncorrelated Pulse Width 
Jitter (containing F/2 or Odd/Even Jitter) 
and Deterministic Pulse Width Jitter

2010-10-3016

PCIe 3.0 Transmitter Compliance Testing

• Compliance testing is based on 
the CEM Specification, which is 
under development

• New compliance 128b/130b data 
pattern

• TX measurements must pass one 
pre-set value

• Measurements are taken after the 
Compliance channel and RX 
Equalization using the Compliance 
Base or Load Board
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2010-10-3017

Add-In Card Compliance Signal Acquisition and Processing

Signal  Acquired
from Compliance
Board

Embed the Add-In Card
Compliance Channel

Closed Eye due to
the Channel

Apply the Base 
Specification CTLE + Dfe
for Long Channel

Open Eye for 
Measurements

System Board Eye Limits 1

Add-In Card Eye Limits 1

ps41.25TTXS

mV
mV

1200
1200

34
34

VTXS
VTXS_d

UnitsMaxMinParameter

ps41.25TTXA

mV
mV

1200
1200

34
34

VTXA
VTXA_d

UnitsMaxMinParameter

1 Measurement Limits Under CEM Review

2010-10-3018

Transmitter Equalization For Compliance

• Transmitter equalization now requires pre-shoot 
to compensate for channel loss

• Transmitters must support all defined Pre-Sets

• One pre-set must pass for compliance testing

• Pre-sets are toggled on the CLB or CBB the 
same way as Gen 2 CLB/CBB
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2010-10-3019

Receiver Equalization For Compliance

• After embedding the compliance channel the eye will be closed

• Behavior Equalization is required to open the eye before 
measurements are taken

Far End Eye After RX EQ

2010-10-3020

Compliance Measurement Software 

• Testing for certification will continue to be done with SigTest

• Tektronix provides pre-compliance tools that prepare you for Compliance 
Testing and tools for testing to the base specification

PCI-SIG SigTest SW
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2010-10-3021

Debugging Tools for Measurement Failures

• What happens if a measurement fails SigTest?

• Is the TX compliant?
– NEW PCIe 3.0 base spec measurements are 

available to verify TX compliance

• Could it be the channel?
– Measurements can be taken before the channel 

to evaluate results
– Different channel models can be created using 

Serial Data and Link Analysis

• Could it be the RX equalization?
– Measurements can be taken with custom CTLE 

models (created with SDLA) that model the RX

• Does deeper analysis of the waveform need to 
be done?

– PCIe specific measurements can be taken in 
Tektronix’ measurement system DPOJET

– Determine if data dependent, uncorrelated data 
dependent or pulse width jitter is in spec

– Measurements filters and settings can be 
adjusted to get to root cause, but remember you 
must pass SigTest to be certified for compliance

2010-10-3022

Recommended Bandwidth for PCI Express 3.0

• Balance instrument bandwidth with application requirements
– Noise increases with bandwidth, too much bandwidth reduces the accuracy and 

the margin of your measurements
• PCIe requires the analysis of signals with amplitudes as low as 34mV for compliance 

testing

– Ensure enough bandwidth to capture the high frequency content of the signal
• Need to consider the channel effects on high frequency content
• De-embedding requires bandwidth limit to eliminate high frequency noise amplification 

– Flexibility for different tasks
• Characterization and debug vs. compliance

• Recommended bandwidth of 16 GHz
– Recommended:  16 GHz best balance for PCI Express 3.0 Measurements
– Minimum:  12 GHz
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2010-10-3023

Best Noise Performance for PCI Express 3.0

• Based on our recommendation 
of 16Ghz bandwidth 

• Competitors show noise 
performance in mv/div which is 
not an equal comparison
– This does not take into account 

that Tektronix has 1000mV of 
dynamic range and they have 
800mV

• Note the Tektronix data to the 
right normalizes the vertical 
access to % of full scale for a 
fair comparison

• DSA/MSO70K C Series 
Oscilloscopes have the lowest 
noise floor at 16Ghz

Baseline Noise Performance Comparison
Tek MSO72004C v.s. AT DSOX92504A
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2010-10-3024

Considerations for Test Equipment Selection

• Test solutions need to go beyond compliance to enable enable root cause analysis

• Channel Embedding and Receiver equalization require new solutions

• SigTest is required for compliance, but does not provide insight into test failures

• Solutions need to evolve as the test specifications are under development

• Tektronix’ has the solutions you need to begin your PCIe 3.0 testing today 
– Active participation in industry working groups enable software updates as the specification 

evolves
– Not just a compliance solution - spans multiple tasks from Compliance, Characterization, and 

Debug 
– Complete tools for channel modeling (embedding / de-embedding) and receiver equalization 

Serial Data and Link Analysis Software (SDLA)
– New DPO/DSA/MSO70000C Series Oscilloscopes 

• Provides lower noise and jitter with 100GS/s acquisition 
• New Compute Platform reduces overall test time  
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2010-10-3025

Receiver PHY Layer Analysis for Receiver PHY Layer Analysis for PCIePCIe 3.03.0
Tektronix BSA85C Bit Error Rate Tester

2010-10-3026

PCIe 3.0 Implications for Receiver Testing
• System margins are decreasing, testing the transmitter only does not imply 

interoperability

• Receiver testing is expected to be mandatory and will include testing with a 
Stressed Voltage and Stressed Jitter Eye

– Differential and Common Mode Interference are new impairment requirements

• Transmitter Equalization requires De-Emphasis and Pre-Shoot

• Receiver Equalization is more sophisticated
– Behavior equalizers (Continuous Time Linear and Decision Feedback Equalization) 

must be used to compensate for channel loss
– Transmitters must support back channel negotiation to auto-negotiate with 

Receivers to determine optimal equalization settings for testing

10 1 1 1 10 0 0 0 00 1 1 0 10 0 0 0

Bit Errors
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2010-10-3027

PCIe Gen3 Receiver Testing

• Two types of tests 
1. Stressed Voltage Eye

– Achieved by adding interference

2. Stressed Jitter Eye
– Achieved by adding jitter

2010-10-3028
28

RR

Receiver Test Made Easy the BERTScope

Device Under 
Test (DUT)

128b/130b Modified 
Compliance Pattern 

From Stressed Pattern 
Generator

To Error Detector

loopback

DPP provides de-emphasis 
and pre-shoot to emulate 
compliant transmitter

CR recovers a clock from the 
retransmitted data from the 
DUT 

A Typical Receiver Test 
Setup
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22
Bits come back from DUT 

to Error Detector and 
compared to expected 

pattern for Bit Error Ratio 
(BER) Measurement
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2010-10-3029

Stressed Voltage Eye
Stressed Pattern Generation

Analyzer
BERTScope

DPP125A
Pre-Emphasis

Tek RT Scope

PCIe 3.0 de-emphasis presets 
and coefficient space supported 

by BERTScope DPP125A

Built-in compliant Random (RJ) 
and Sinusoidal Jitter (SJ) –
supports 2.5, 5, and 8 GT/s 

PCIe

Sinusoidal Interference (for 
Differential Mode (DM) and 

Common Mode (CM) 
Interference) available 

externally (individually) for 
combining after pre-emphasis

Stressed 
Pattern 

Generator

2010-10-3030

Stressed Voltage Eye
Channel

Stressed 
Pattern 

Generator

Analyzer

BERTScope
Pre-Emphasis

Tek RT Scope

BERTScope ISI Board
For Calibration Channel

3 channel lengths = 
3 different stressed eyes

Channel
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2010-10-3031

Stressed Voltage Test

Loopback

BERTScope

BERTScope 
ISI Board

BERTScope
Pre-Emphasis

BERTScope with 
Clock Recovery 

CR125A

BERTScope performs BER test. 

Stressed Voltage Eye applied to 
Device Under Test (DUT)

DUT placed in Loopback for 
BER Test

2010-10-3032

Stressed Jitter Pattern Generation

Stressed Pattern Generator

BERTScope

Pre-emphasis, 
RJ, and SJ

Calibration 
Channel

BERTScope 
ISI Board

Similar requirements as the Stressed Voltage Eye

DPP125A
Pre-Emphasis

Channel

11

22

Stressed 
Pattern 

Generator
Receiver

Under Test
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2010-10-3033

Stressed Jitter Test
Jitter Tolerance

Loopback

BERTScope

BERTScope 
ISI Board

BERTScope
Pre-Emphasis

BERTScope

Automated Jitter Tolerance Test on the 
BERTScope, with Search Mode to find device 

limits

Jitter 
Tolerance 
Template

BERTScope performs 
Jitter Tolerance Test

Stressed Jitter Eye applied 
to DUT

DUT placed in Loopback
for Jitter Tolerance Test

2010-10-3034

Speed and Equalization Auto-Negotiation

• Devices must start up at 2.5 GT/s and 
negotiate up to 8 GT/s

• In PCIe Gen3, Receivers are expected 
to:

1. Optimize their own equalization 
2. Adjust the Transmitter’s pre-emphasis 

settings via back-channel 
communication

 Device equalization optimization 
algorithm will be key to PCI-Express 
Gen3 success, and we are here to 
help you test

Interpret pre-emphasis 
requests and adjust output 

equalization accordingly

Interpret pre-emphasis 
requests and adjust output 

equalization accordingly
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2010-10-3035

Requirements for PCI Express 3.0 Receiver Compliance 
Testing

• Receiver compliance is tested with a worse case eye to ensure BER 10-12

with a short and long channel
– Channel definitions are defined as part of the CEM specification

• Before testing is started, the eye is calibrated with the optimal TX equalization 
settings for each channel with the 128b/130b Compliance Pattern

– De-emphasis/Pre-shoot, SJ, RJ, 100Mhz DJ, and Differential Noise are applied

• Receiver’s ability to change equalization settings is tested by applying a sub-
optimal TX equalization setting to determine the equalization setting for the 
RX test

– Some receivers may have RX equalization capability that is more capable than the 
reference equalizer and may not require the TX to change its equalization setting 
and thus the sub-optimal TX equalization setting is used for the test

• Device is put into loopback following the loopback procedure in the base 
specification

2010-10-3036

Device 
Under Test 

(DUT)

loopback

11

33

From 
Stressed 
Pattern 

Generator

To Error 
Detector

22

44

Jitter Tolerance Test

• Once the link is in loopback and equalized the Jitter Tolerance Test Starts 
for each SJ frequency

• BERTScope counts any errors

• What if errors occur?
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2010-10-3037

Dynamically change Data Rate, Stress, Pattern

22

Change stresses on the 
fly to see if Jitter is the 

source of the errors 
Changes happen instantly.

22

33

11

DJ:
RJ:
SJ:
SI:






DJ:
RJ:
SJ:
SI:






DJ:
RJ:
SJ:
SI:






2010-10-3038

Advanced debug tools to determine cause of RX errors

BER

• Pattern Sensitivity: Quickly determine if the source of receiver errors are 
pattern dependent

• Error Statistics: A tabular display of bit and burst error counts and rates

• Strip Chart: Determine timing relationships of errors 

• Burst Length: Determine occurrence of errors of different lengths 

• Error Free Interval: Number of occurrences of different error-free intervals

BER

1.  Basic BER 
Statistics are OK 
if everything is 
passing

2.  But what if the 
Jitter Tolerance 
Fails?  

3.  Pattern Sensitivity 
enables root cause of 
pattern dependent 
errors   
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2010-10-3039

BERTScope Goes Beyond Receiver Test

• BERTScope provides value for your 
investment beyond Receiver Testing

– Eye diagram for quick diagnosis of 
synchronization and BER failure 
issues

– Frees up the scope for other tasks 
during receiver testing

– Debug challenging signal integrity 
problems

– Jitter decomposition with Random 
Jitter measured on each edge

– BER-based Total Jitter is based on 
deep measurements

– Eye diagrams with measurements 
and BER Contour are easy to use

JitterJitter

Error 
Correlation

Error 
Correlation

BERBER

Jitter 
Decomposition
Jitter 
Decomposition

Jitter 
Tolerance
Jitter 
Tolerance

PLUS…PLUS…

2010-10-3040

Considerations for Receiver Test Equipment Selection

• Test solutions need to go beyond 
compliance to enable root cause analysis

• Transmitter Equalization requires De-
emphasis and Pre-shoot  

• Solutions need to evolve as the test 
specifications are under development

• Tektronix’ has the solutions you need to begin your PCIe 3.0 testing today
– Advanced impairments enable verification of potential interoperability problems
– Debug Tools enable root cause analysis of receiver errors
– Quickly determine the margin of the DUT with user selectable jitter tolerance 

algorithms
– Loopback training sequence and compliance test patterns are available today
– PCIe 3.0 Transmitter De-emphasis and Pre-shoot supported today
– BERTScope ISI Board available today for PCIe 3.0 channel modeling
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2010-10-3041

Tektronix TLA7SA Logic Protocol Analyzers

Logic Protocol Analyzer for PCI ExpressLogic Protocol Analyzer for PCI Express
One Tool to Span from Protocol to Physical

2010-10-3042

PCI Express Testing Challenges

22-SEPT-201042

Physical Layer – Logical Sub Block
– Link Initialization and Training
– Distribution of packet information over multiple lanes
– Power management and link power state transitions

Data Link Layer
– Flow control information
– Data Integrity, Error Checking/Correction
– Calculates/Check TLP Sequence Number
– Calculate/Check CR

Transaction Layer
– Creates Request/Completion Transactions
– Messaging
– TLP Flow Control

Physical Layer – Electrical Sub Block
– Transmitter Signal Quality and Ref Clock Testing
– Receiver Testing
– Interconnect Testing
– PLL Loop BW
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2010-10-3043
22-SEPT-201043

New Solution “Logic Protocol Analyzer” Positioning

Oscilloscope
Logic Protocol

Analyzer

Logic Protocol Analyzer for PCI Express 3.0
Performance You Can See - One tool to span from protocol to physical

Protocol
Analyzer

Summary Profile Window
Transaction Window

? Poor physical 
layer support

OpenEYE
FastSYNC
ScopePHY

2010-10-3044

TLA LPA for PCI Express – Key Product Components

• 8, 5, 2.5 GTs

• x8 & x4

• 8 State Triggering

• 8 GB memory
– 16 GB for x16

• OpenEYE

• FastSYNC

22-SEPT-201044

 Module setup & trigger

 PCIe decoders

 Data windows:
– Summary Profile
– Transaction
– Listing
– Waveform

 2 module portable 
mainframe with 
integrated 15”
display & PC 
controller

 6 module benchtop
with GbE controller 
(requires PC)

 Single GUI & frame 
for system level 
debug of multi-buses

 x8 & x4 midbus

 x16, x8, x4, x1 slot 
interposers

 Solder-down probe

 All probes rated to 8 
GTs

 6’ probe cables

 ScopePHY

Software

Probes

Modules

Mainframes
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2010-10-3045

TLA Logic Protocol Analyzer Value Proposition

1. Recognized Probing Leadership
• Probe anywhere on the bus using OpenEYE technology

• Flexible probing solutions including legacy probe support

• ScopePHY provides PHY layer access to the oscilloscope through LPA probes

2. Shortened Time to Confidence
• Front-panel LEDs

• Auto Configure capability

• Link tracking including superior ASPM support with FastSYNC

• Real-time statistics

3. Powerful Trigger State Machine
• Trigger on events from Physical to Protocol

4. Accelerated Time to Information
• Immediate visibility of data at any depth

• HW Accelerated search and data displays

5. Information Density for Rapid Analysis
• Transaction Window

• Summary Profile Window

6. Multiple Bus Visibility for System Level Debug
• Cross bus correlation and triggering with a single GUI in a single mainframe

22-SEPT-201045

2010-10-3046

PCI Express Probing Challenges

Probing Access

• Midbus vs interposer vs
solder-down

• Need to compensate 
for Tx de-emphasis

• Need to compensate 
for channel loss

• Need to compensate 
for reflections

• Probing should 
emulate Rx 
equalization

Active State Power
Management (ASPM)

• Power Management:
Electrical Idle Entry and Exit for 
power savings (L0  L0s  L0)

• Dynamic link width and link speed 
changes depending on data 
bandwidth requirements

Total System Visibility

• Critical cross bus 
dependencies increase with 
speed

• Flow control

• Time-correlated visibility 
across multiple buses

• Signal access across the 
entire system

Tektronix OpenEYE enables probing anywhere on the PCI Express Bus

22-SEPT-201046

Device
A

Device
B

Tx

Rx

Rx

Tx

Probing Points

Link training

• Multi-lane systems 
x1, x4, x8, x16

• Dynamic speed negotiations
2.5 GTs 5 GTs 8 GTs
2.5 GTs 8 GTs

• Dynamic link width changes
x16  x8  x4  x1
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2010-10-3047
22-SEPT-201047

Tektronix OpenEYE Probing Technology

• Tektronix probes utilizes OpenEYE Technology that incorporates automatic tuning 
equalization circuitry to recover PCIe3 signal

– Mitigates the wide spectrum of losses encountered by probing at different points on the channel
– Automatically adapts to being attached at any location on the channel

Unequalized Rx signal @ 8 GT/s
24” channel w/ 2 connectors 

Equalized Rx signal @ 8 GT/s
24” channel w/ 2 connectors 

2010-10-3048

Tektronix PCIe3 Probes – With OpenEYE

 Available in x16, x8, x4, x1 link 
widths

 Probe cover

 Bracket for SUT end point card 
provides mechanical stabilization 
and reliable connection

 6’ probe cable

 Ships in antistatic, foam-lined, 
plastic case

 High-performance solder-down 
probing of one (1) PCIe3 
differential pair

 Supports 8 GT/s

 Compatible with P7500 Series 
TriMode probing leadsets that 
can be shared with oscilloscope

 6’ probe cable

 Ships in antistatic, foam-lined, 
plastic case

• Available in x8 or x4 link widths (2 for x16)

• Rugged probe head with contacts contained in 
retention module

• Retention module securely attaches to PCB (0.031” to 
0.250”) using back mounting plate with screws

• Midbus probe also available for legacy PCIe2 x8 
(P6716-compatible) midbus footprint

• 6’ probe cable

• Ships in antistatic, foam-lined, plastic case

22-SEPT-201048

Slot Interposer Midbus Solder-down



25

2010-10-3049
22-SEPT-201049

ScopePHY - Quickly Scope PCI Express PHY Layer
TCA-SMA supports 1 lane or 2 differential pairs

• Quickly connect any of the probe connector 
outputs to an oscilloscope

– Midbus, slot interposer or solder-down

• Enables you to answer:

1. Is the probe functioning properly and faithfully 
delivering my PCIe 3.0 signals to the module?

2. Does my PCIe 3.0 signal meet probe input 
requirements?

3. Is my probe connected properly to SUT?

• Tek-supplied S-parameters of probe+module
configure a Tektronix oscilloscope’s DSP filters 
to show the PCIe3 data eye @ the probe tip

TCA-SMA TekConnect Adapters shown 
connected to 1-lane (2 differential inputs) out 
of the 2-lanes per P67SAxxx probe connector. 
Unconnected lanes have 50ohm terminators 
connected at end of coax.

TLA7012
2-module  

logic 
analyzer 

mainframe

2x TLA7SA16
x8 PCIe3
Modules

DPO/DSA
72004B

4-channel
20 GHz

oscilloscope
with

DPOJET
loaded with
P67SAxxx

S-parameter 
file to

de-embed 
the probe

P67UHDSMA
2-lane probe leadset

P67UHDSMA
2-lane probe leadset (8 low-loss, 12” coax, 

each with 50 ohm terminator

2010-10-3050

PCI Express Acquisition Solutions – Module Overview
• 8.0 GTs, 5GTs, and 2.5GTs acquisition rates for PCIe3/2/1

• Automatic configuration of link training speed changes and link width
– Track 2.5 GTs to 5.0 GTs to 8.0 GTs data rate changes without dropping parts of transactions or 

critical packets

– Dynamically track changes in link width

– Front-panel LEDs that show link rate &link status for both Upstream/Downstream links 

• Sync to L0s within 4 FTS PCIe3 packets or 12 FTS PCIe2 packets
– Regardless of duration of electrical idle

• Powerful trigger state machine spans all layers of the protocol
– 8 states

– 8 packet recognizers

– 4 symbol sequence recognizers

– 4 counter/timers

– 4 event flags

– Conditional storage

• Two acquisition modules available:
– TLA7SA16: 16 differential inputs, x8 (2 required for x16)

– TLA7SA08: 8 differential inputs, x4

• Industry’s longest record length
– TLA7SA16: 8 GB memory, x8 (16 GB memory, x16) w/ 160 MegaSymbols per diff input

– TLA7SA08: 4 GB memory, x4 w/ 160 MegaSymbols per diff input

22-SEPT-201050
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Shortened Time to Confidence - ASPM & FastSYNC

22-SEPT-201051

Main State Diagram for
Link Training Status State Machine 

(LTSSM)

 PCIe Spec defines ASPM (Advanced State Power Management) to 
manage system power

 PCIe Spec defines two levels of ASPM that provide options for trading 
off increased power against rapid recovery to the normal L0 state

1. L1 state which provides greater power savings compared to L0s, but requires 
link to go through Recovery state, which takes more time. 

2. L0s (L0 standby) state where latency to return to L0 from L0s is specified to be 
very short, bypassing Recovery state.

a. When entering L0s, device sends EIOS (Electrical Idle Ordered Set), then 
turns off power.

Note - PCIe spec requires device in L0s to send out Update FCP (Flow 
Control Packet) every 30 microseconds (or optionally 120 microseconds)

b. When returning from L0s to L0, device must first generate a specific 
number of small Ordered Sets known as FTS (Fast Training Sequences).

 How quickly the analyzer resynchronizes to these FTS determines 
how far back in time the user can view the L0s  L0 transition which 
is critical in debugging elusive power state anomalies.

 Traditional PA (protocol analyzers) typically specify their 
resychronization time to be <12 FTS1 (PCIe2) or <4 FTS2 (PCIe3) 
with the test condition for the Electrical Idle time of <2 
microseconds!

 Tektronix FastSYNC utilizes proprietary technology to ensure our 
reschronization time to be <12 FTS1 (PCIe2) or <4 FTS2 (PCIe3) 
regardless of the Electrical Idle time - no upper limit!1 - one (1) PCIe3 FTS = one (1) 130b symbol or 130 unit intervals or 4 x 130 x 0.125 ns = 65 ns.

2 - one (1) PCIe2 FTS = four (4) 10b symbols or 40 unit intervals or 12 x 40 x 0.200 ns = 96 ns.

2010-10-3052
12-APR-201052

Powerful Triggering State Machine

Packet level triggering
8 states

8 packet recognizers
4 symbol sequence recognizers

4 counter/timers
4 event flags

Real-time filtering

Pre-defined 
trigger 

templates 
(trigger on any 

field within packet)

22-SEPT-201052



27

2010-10-3053

Accelerated Time to Information – Competitive Comparison

22-SEPT-201053

Traditional Protocol Analyzers

Tektronix Logic Protocol Analyzer

Data Access Features Benefits

All acquired data kept on acquisition module & accessed directly by PC Seconds to data after acquisition is complete regardless of record length 
(up to 16 GB for x16)

Modules have HW acceleration circuitry for fast data access & search Seconds to search for any pattern regardless of record length (up to 16 
GB for x16)

All acquired data is only transferred when saving or exporting Only spend the time (minutes for full record length) transferring data 
when necessary

Data Access Features Benefits

All acquired data must be transferred to PC before viewing Seconds to data for shallow acquisitions
> 10 min to data for full record length (up to 8 GB for x16)

All acquired data must be transferred to PC before searching
Data is indexed by PC during transfer

Seconds to search regardless of record length once data transferred
> 10 min to transfer full record length (up to 8 GB for x16)

Once data is transferred to PC, it can be saved or exported Entire acquisition record must be transferred for all functions!

2010-10-3054
TEKTRONIX CONFIDENTIAL

Information Density - Transaction Window (1/3)

Packet pane to 
view fields (can 
simultaneously 
open multiple 

packets

Toolbar
(Search, filter, 

display 
management)

Status bar &
access to 
“Summary 

Profile 
Window”

BEV
(Bird’s Eye 

View)

Config
Links

Transaction 
stitching shows 

packets 
participating in 
transaction – or 

incomplete 
transactions as 
errors – mouse 
over shows time 

–
arrowheads/squa
res filled or not 

based upon 
completion

PHY layer info 
(shows sub-
packet info 

such as 
ordered sets –
view in more 

detail in Listing 
Window)

Flow control 
credit 

tracking

Each row of 
the Packet 
View pane 

represents a 
single packet

22-SEPT-201054 Transaction - Link based behavior of protocol 
elements (transactions, packets, fields, ordered sets)



28

2010-10-3055
22-SEPT-201055

Listing Window

Packet  & 
Symbol 

View 
(packet 

decode of 
lane data on 

each link 
including  

TLPs, 
DLLPs, 

ordered sets 
and symbols

Listing - Lane based behavior of protocol elements 
(symbols, tokens, ordered sets, DLLPs, TLPs)

2010-10-3056
22-SEPT-201056

Waveform Window

Waveform 
symbolic 
decode 

(lane 
alignment 

disabled for 
accurate time 
correlation)

Waveform - Time based view of the data on each lane



29

2010-10-3057

Multi-bus Visibility with Single GUI & Mainframe
TLA Expansion with TekLink

22-SEPT-201057

TLA7012 2-module mainframe
Shown with 2 TLA7SA16 modules

for x16 PCIe3 link

TLA7016 6-module mainframe
Shown with 2 TLA7SA16 modules for x16 PCIe3 link & 2 

TLA7BB4 modules for 2 channels DDR3-1600

 Portable mainframe with integrated 
15” display and PC controller

 Connects to PC via GbE for running 
TLA Application Software

 Benchtop mainframe with GbE controller

 Connects to PC via GbE for running TLA 
Application Software

 Up to 8 frames interconnected via TekLink
 2 frames connected directly

via TekLink cable

 3-8 frames require TL708EX
8-port TekLink hub

TL708EX
8-port TekLink hub

2010-10-3058

Tektronix PCI Express Summary
• Complete

– Solutions available today for PCIe 1.0, 2.0, 3.0 Transmitter, Receiver, 
PLL Loop bandwidth and Protocol Testing

– Scaleable solutions to meet debugging, characterization, and 
compliance needs

• More than a Compliance Solution
– Isolate measurement failures with DPOJET
– Correlate system debug ports with PCIe main link with the MSO70K
– Receiver stresses that go beyond compliance with the BERTScope

• Increased Productivity
– Automated Measurements for Transmitter Testing
– Auto-negotiation eliminates the need to manually determine optimal 

RX Equalization settings

• Performance
– Low noise floor enables measurements of small data eyes for 

compliance testing and receiver calibration
– Only 20Ghz Real-Time Scope available for Dual-Port Measurements 

(Requires four channels) 

• Engaged
– Actively engaged in the PCI Express Working Groups, enabling us to 

provide early PCI Express 3.0 solutions
– Tektronix will update solutions based on specification updates
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Comprehensive PCI Express Test Portfolio

TLA7SAxx Serial Protocol Analysis Module

Mid-Bus

Slot Interposer

Solder Down Probes

Protocol

DSA8200  

80E08 TDR Sampling Module for DSA8200 

IConnect TDR and S-Parameter measurement software 
(80SSPAR)

Interconnect
Far End Noise, Near End Noise, 
impedance, Insertion loss, and return 
loss measurements.  S-parameter 
measurements for channel de-embed.

BERTScope BSA85C w/Opt. STR and 
PCISTR

DPP125 w/ Opt. 4T – 4 tap de-emphasis

CR125A with Opt 12GJ & Opt PCIECR125ACBL 
(Precision delay-matched cable set for use with BSA & 

CR in SSC applications)

Receiver Tests and PLL 
Loop Bandwidth
Receiver Jitter Tolerance Test and 
Debug and Analysis Tools

DSA/DPO/MSO 71604C / MSO71604C 
Recommended (12.5Ghz Minimum)

PCI Express 3.0 Analysis Software

Opt. DPOJET Jitter and Eye Diagram Analysis Tool 

Opt. SDLA Serial Data Link Analysis for RX equalization 
and Channel Embedding / De-embedding

Transmitter Tests
Transmitter jitter and timing 
measurements.


