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Technology Overview
BIG DATA, IOTAND ANALYTICS DRIVING NEED FOR 
COMPUTE POWER, STORAGE CAPACITY, AND NETWORK BANDWIDTH
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Number of SSD-based devices connected to the network is 
increasing the amount of data transmitted and stored
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PCIe Market Intro

ÅPCI Express is a high performance, general purpose I/O interconnect used in 

a wide variety of computing & communications products. It has become 

especially popular for NVME SSD applications

ÅPCIe is based upon a point-to-point bus topology between a root-complex 

(system/host) & an end-point (add-in card) that supports full-duplex 

communications.

ÅThe PCIe physical layer consists of:

ǓDifferential low-voltage signaling

Ǔ100MHz RefClk is either Common or Separate (SRIS/SRNS)

ǓScalable widths: x1, x2, x4, x8, x12, x16, x32

ǓScalable speeds: 2.5GT/s (Gen1), 5GTs (Gen2), 8GT/s (Gen3), 16GT/s (Gen4)

ǓUtilizes connectors, e.g., CEM, U.2 (SFF-8639), M.2 or soldered directly to PCB

ÅSpecifications are developed & maintained by the PCI-SIG, a consortium of >900 

companies.

18 MAY 2018



ÅSilicon
Å wŜŦŜǊǊŜŘ ǘƻ ŀǎ ά.ŀǎŜέ

Å No compliance testing

ÅForm Factors
Å CEM

Å U.2 (SFF-8639)

Å M.2

Å Interoperability ĄCompliance
Å άLŦ ȅƻǳ ŘƻƴΩǘ ƻǿƴ ōƻǘƘ ŜƴŘǎ ƻŦ ǘƘŜ ƭƛƴƪΣ ǘƘŜƴ ȅƻǳ ŀǊŜ ƛƴ ǘƘŜ ǿƻǊƭŘ ƻŦ ƛƴǘŜǊƻǇŜǊŀōƛƭƛǘȅέ

Å Compliance measurements Ą PCI-SIG Fixtures + SigTest (Pass/Fail only)

Å Full measurements ĄDPOJet + SDLA64

ÅChip-to-Chip (Embedded)
Å No Interoperability ĄNo Compliance

Å Full measurements ĄDPOJet + SDLA64

Å {ƛƎ¢Ŝǎǘ ƛǎƴΩǘ ǳǎŜŘ ǎƛƴŎŜ ƛǘ ƛǎ ŀǎǎǳƳŜǎ t/L-SIG fixtures

PCI Express Terminology
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PCIe Architecture and Terminology
ROOT COMPLEX vs ENDPOINT SILICON

Physical Layer

Data Link Layer

Transaction Layer

PCIe Core

HW/SW

Interface

Device Core

Physical Layer

Data Link Layer

Transaction Layer

PCIe Core

HW/SW

Interface

Device Core

Tx TxRx Rx

Link Width # Lanes # Differential Pairs # Wires

x1 1 2 4

x4 4 8 16

x8 8 16 32

x16 16 32 64

Lane = Two (2) differential pairs (4 wires): one Tx & one Rx

Link = Connection between two ports & their interconnecting lanes

PCIe Device A PCIe Device B

CPU

Root Complex Memory

PCIe

Switch

PCIe

Endpoint

PCIe

Endpoint

Root Complex = Head or root of the connection of the I/O system to the CPU & memory

Endpoint = Device that can request/complete PCIe transactions for itself

Switch = Device used to fan out a PCIe hierarchy

Bridge = Device that has one PCIe port and one or multiple non-PCIe endpoints

PCIe

Bridge

Non-PCIe

Endpoint
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PCI Express Overview
Architecture and Neighboring Technologies

PCI Express is emerging as the primary, high-performance 
storage bus and SSD Interface18 MAY 2018



PCIe SSD Forecasted to Lead in Datacenter

ÅPCI Express (PCIe) projected as 

leading SSD interface in DC by 2017

ÅPCIe bandwidth is significantly higher 

than SATA

ÅNVM Express (NVMe--SW interface) 

has lower latency than SAS or SATA

ÅIncreasing focus on scalability using 

protocol-driven dynamic cloud 

management and virtual storage--

decreasing CPU overhead and 

improving performance

EXPECTED TO OVERTAKE SAS IN 2017 & SATA IN 2018

Source: Q1ô16 Intel NSG Market Forecasting
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PCI-SIG DevConWǳƴŜ нлмнΣ άt/L-{LD !ǊŎƘƛǘŜŎǘǳǊŜ hǾŜǊǾƛŜǿέ

PCIe Spec Overview
PCI EXPRESS TERMINOLOGY

Physical Layer ïElectrical Sub Block
ï Transmitter Signal Quality and Ref Clock Testing

ï Receiver Testing

ï Interconnect Testing

ï PLL Loop BW

ï TX/RX equalization

ï Faster Bit Rates

ï Separate Jitter Budget

-- U.2
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PCI-SIG & Gen3 Specs

18 MAY 2018

PCI Express Board of Directors

SEG
Serial Enabling 

Work Group

EWG
Electrical

Work Group

PWG
Protocol

Work Group

CEM
Card

Electromechanical

Work Group

1,075 pgs

Other specs 
available at 
www.pcisig.com

169 pgs 33 pgs

http://www.pcisig.com/


PCI-SIG & Gen4 Specs

18 MAY 2018

230 pgs

PCI Express Board of Directors

EWG
Electrical

Work Group

PWG
Protocol

Work Group

CEM
Card

Electromechanical

Work Group

1,293pgs

Other specs 
available at 
www.pcisig.com

39 pgs

CEM Spec Rev 0.7
Update In Process

PHY Test Spec Rev 0.7
Update In Process

SEG
Serial Enabling 

Work Group

Base Spec V1.0
Update In Process

http://www.pcisig.com/
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ÅPCIE holds regular compliance workshops/plugfeststo certify individual 
ŘŜǾƛŎŜǎΩ ŎƻƳǇƭƛŀƴŎŜ ŀƴŘ ƛƴǘŜǊƻǇŜǊŀōƛƭƛǘȅΣ ǘȅǇƛŎŀƭƭȅ пȄκyr

ÅVendors who desire to be on PCI-{LD LƴǘŜƎǊŀǘƻǊΩǎ [ƛǎǘ Ǉƭŀƴ ǘƻ ŀǘǘŜƴŘ t/L-SIG 
workshops where they must pass all four electrical tests & 80% of 
interoperability tests

ÅThese vendors look at tests and test equipment and assume that if they buy & 
use the same equipment, they will pass the workshop electrical tests

For more details visit PCI Compliance program:
http://www.pcisig.com/specifications/pciexpress/compliance/compliance_library#electrical30

PCIe Compliance Testing
PCIe COMPLIANCE TESTING FOR INTEROPERABILITY

PCIE3.0 Electrical PHY Compliance Tests

TransmitterTesting 

Receiver Jitter Tolerance Testing

Tx/Rx LinkEqualization Testing

PLLLoop Bandwidth Testing

18 MAY 2018



Compliance Equalization Presets 
ÅOnce in compliance mode, bursts of 100 MHz clock can be used to cycle through various 

settings of compliance presets to perform automated jitter, voltage, timing measurements.

Å11 presets for both Gen3 and Gen4 (22 total).  All preset values must be supported by DUT.

ÅFor Rx AIC testing, BER < 1E-12 while receiving any valid preset/TXEQ, or < 1E-4 while 

receiving either P7 or P8

Preset # Preshoot(dB) De-emphasis (dB)

P4 0.0 0.0

P1 0.0 -3.5 ± 1 dB 

P0 0.0 -6.0 ± 1.5 dB 

P9 3.5 ± 1 dB 0.0

P8 3.5 ± 1 dB -3.5 ± 1 dB 

P7 3.5 ± 1 dB -6.0 ± 1.5 dB 

P5 1.9 ± 1 dB 0.0

P6 2.5 ± 1 dB 0.0

P3 0.0 -2.5 ± 1 dB 

P2 0.0 -4.4 ± 1.5 dB 

P10 0.0 Variable1

1.  P10 levels are not fixed; its de-emphasis level is a function of the LF level that the Tx advertises during training.  P10 is used to test the boost level of the 

Tx during full swing  

18 MAY 2018



Gen3 TX Gold Suite Test Plan
Toggle
Preset

SignalQuality (Jitter, Eye)
Up to the width of the port Preset Eq

Ln0 Ln 3 Ln 7 Ln15 Ln0
P0 VȞVVV V V V V

P1 V

P2 V

P3 V

P4 V

P5 V

P6 V

P7 V V V V V

P8 V V V V V

P9 V

P10 V

Pass 
condition One preset per lane must pass

All must 
pass

18 MAY 2018



PCIE Reliance Upon Stable RefClk

ÅPCIe RefClk 

provides a stable 

timing reference for 

the high-speed 

serial data 

transmission 

between two PCIe 

devices

ÅFor reliable 

operation, RefClk 

must have low jitter

ñSelecting the Optimum PCI Express Clock Sourceò, 

Figure 2, page 2, Silicon Laboratories, Inc.
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PCIe RefClk Architectures
ÅPCIe standard specifies a 100 MHz clock (Refclk) with greater than Ñ300 

ppm frequency stability at both the transmitting and receiving devices and 

support for three distinct clocking architectures:

ñSelecting the Optimum PCI Express Clock Sourceò, 

Figure 3 page 3, Silicon Laboratories, Inc.

ÅCommonïmost popular, supports SSC; same clock must be connected to 

all devices while maintaining skew <= 12 ns between devices

ÅSeparate/independentïused for cabled applications; SSC not historically 

used prior to Gen4; now becoming increasingly used via SRIS

ÅData Clocked ïsimplest to implement, but not very common
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DPOJet for PCIe 1/2/3 RefClk

ÅPCIe RefClk signal has very tight jitter requirements even though it 

only operates @ 100MHz

ÅRefClk jitter has direct impact on the quality of the data transfer 

between PCIe Tx & Rx

ÅClock-data recovery (CDR) process must be able to track those 

jitter frequencies that are within itôs bandwidth, & limit those it 

cannot track

ÅThe PCIe Base Spec defines the:

ǓUntrackable jitter spectrum using multiple transfer functions (H1, H2, H3, 

etc.) that represent the loop bandwidths of the CDR & PLLs that affect 

the data recovery process

ǓOverall transfer function, parameters (peaking & bandwidth), & jitter 

limits for each of the 3 clocking architectures (common, data clocked, & 

separate)

18 MAY 2018

IMPORTANCE OF ACCURATE  PCIE REFCLK MEASUREMENTS



PCIe 1/2/3 RefClk Specs

ÅPCIe RefClk Rj

(Random Jitter) 

spec has shrunk 

from 4.7ps (Gen1) 

to 1.0ps (Gen3)

ÅGen4 target spec 

is <1.0ps (possibly 

700fs)

18 MAY 2018

ñSelecting the Optimum PCI Express Clock Sourceò, 

Table 1, 2, 3, pages 6, 8, 9, Silicon Laboratories, Inc.

Common

Data Clocked

Separate



DPOJet for PCIe 1/2/3 RefClk

18 MAY 2018

MEASUREMENTS



DPOJet for RefClk - Reports
ÅDetailed reports with 

scope configuration and 

measurement results 

including plots are 

available

18 MAY 2018
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PCI Express Form Factors

Data Center Client

U.2

CEM
Add-In-Card
(AIC)

U.2
(SFF-
8639)

M.2

CEM

M.2

BGA

U.2-to-CEM Adapter

M.2-to-CEM Adapter

BGA
(Embedded)

U.2

CEM
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SFF-8639 Connector Ą U.2 Connector

Source:SFF-8639 PCIe* SSD Ecosystem Readiness and Electrical Testing Update,
Flash Memory Summit 2014 

SSF 8639 connector expected to meet same CEM electrical requirements as standard PCIe connector

18 MAY 2018



New PCI-SIG U.2 Compliance Fixtures

18 MAY 2018

SUPPORTED IN TEKEXPRESS

ÅSimilar to CBB3

ÅTests add-in cards

Å4 lanes

ÅSimilar to CLB3

ÅTests systems

Å4 lanes



Tektronix PCIE3 Tx Solution 

18 MAY 2018

APPROVED FOR PCI-SIG INTEGRATORôS LIST TESTING

MSO73304DX real-time scope

AFG3252 



Measure for Base Measure for CEM & U.2

PCIe Base vs Form Factor (CEM/U.2)

18 MAY 2018



PCIe Base vs CEM Testing

18 MAY 2018

ÁWhat test point each type of testing addresses?

ÁHow do we get to see the signal at the point of interest? 

CaptureMeasure for Base Measure for CEM



ÅBase Specification Measurements are defined at the pins of the transmitter

ÅSignal access at the pins is often not possible

ÅDe-embedding is required to see what the signal looks like at the pins of the TX, 
without the added effects of the channel

ÅS-Parameters are acquired on the replica channel

ÅMeasurement at TX pins can also be enabled by high fidelity probes, eg P7700

Signal at Tx Pins Measured Signal

at TP1

De-embed using

S-Parameters

Signal with Channel

Effects Removed

Ref clk

Base Spec Tx Testing
SILICON LEVEL

18 MAY 2018



SDLA 
SERIAL DATA LINK ANALYSIS 

18 MAY 2018



CEM & U.2 Spec Tx Testing
System & Add-In Card

ÅCEM Specification Measurements are defined at the slicer of a receiver

ÅSignal access is not possible

ÅEmbedding of the compliance channel and package, as well as 

application of the behavioral equalizer is required

ÅSigTest or custom software like DPOJET will perform the embedding 

and calculate measurements

18 MAY 2018

Signal  Acquired

from Compliance

Board

Closed Eye due to

the Channel

Apply CTLE + DFE Open Eye for 

Measurements

Embed Compliance

Channel and Package



Testing Challenges in Tx

ÅMeet the requirements for effective testing

ãCompliance mode support, proper patterns and toggling mechanism

ãCorrect Tx equalization settings and preset and Lane ID encoding in 

Tx compliance pattern

ÅWhy so many presets? How to capture so many lanes? 

ãThe answer is test automation, RF switch

ÅMeasurement algorithms

ãImplemented in SigTest, or scope specific software

ÅHow to achieve required confidence level and beyond?

ãLength and number of waveforms (for Tx)

18 MAY 2018



System/Host Test Fixture

Ref Clk

Data 

System Board / Mother Board with Multiple Slots

CLB 
with 
toggle 
switch

Oscilloscope 

AFG or AWG 

Control 

100 MHz Burst for toggling

Gen3 CEM/U.2
Compliance Load Board

(CLB3)

ÅCompliance Load Board (CLB)

Ǔ Used for testing System Boards

Ǔ All Tx / Rx Lanes and Ref Clk routed to SMP

Ǔ Compliance Mode Toggle Switch

Ǔ Various types of Edge Connectors to support 

different types of Slots on System Boards

Ǔ Separate CLBôs for Gen1/2/3

18 MAY 2018



Add-In Card Test Fixture
ÅCompliance Base Board (CBB)

Ǔ Used for Testing Add-In cards

Ǔ All Tx / Rx Lanes are routed to SMP 

Ǔ Compliance Mode Toggle Switch

Ǔ Low Jitter Clean Reference Clock

Ǔ Separate CBB for Gen 1/2/3

Gen3 CEM
Compliance Base  Board

(CBB3)

CBB with Multiple Slots of different widths and toggle switch 

Data

Add-In 
Card

Gen3 U.2
Compliance Base  Board

(CBB3)

18 MAY 2018



Automation Simplifies Tx Testing

ÅWhile convenient single capture capability is essential, 

automation makes the testing practical

ÅIterate over multiple presets and lanes

ÅGather results in a single report

ÅProvide means for quick switch to debugging and additional 

measurements

ÅRemove test fixture effects by using de-embedding

18 MAY 2018



TekExpress for PCIe (Opt PCE3)
ÅTekExpress Automation for Tx Compliance with unique features 

including:

18 MAY 2018

ãSets up the Scope and DUT 
for testing

ãToggles thru and verifies 
the different Presets and 
Bit Rates

ãTests multiple slots and 
lanes

ãAcquires the data

ãProcessed with PCI-SIG 
SigTest

ãProvides custom reporting



TekExpress - Setup

18 MAY 2018

Run Analysis on Live or 
Pre-Recorded Data

Type of test / device 
selection

Test selection

Automate DUT control



TekExpress ïTest 

18 MAY 2018

Test Selection



TekExpress ïReports

18 MAY 2018



PCIe Decoder (Opt SR-PCIe)
ÅDecodes and displays PCIe data using 

characters and names that are familiar 

from the standard, such as:

ǓSKP

ǓElectrical Idle

ǓEIEOS

ÅEasily configured through ñBus Setupò 

under ñVerticalò menu with a variety of 

user-adjustable settings

ÅResults table shows time-correlated 

listing of events time-correlated with 

waveform view

ÅIntegrated search with marks

ÅTriggering up to 6.25Gbs (Gen1 & Gen2 

only)

18 MAY 2018



PCIe Decoder (Opt SR-PCIe)
Decoding of PCIe Gen3 compliance pattern Tx preset encoding

Åxxx

18 MAY 2018

Decode results 

show correct 

value of ñ87hò or 

ñ1000bò (as shown 

in Results Table) 

for Transmitter 

Preset P8 (-3.5dB 

de-emphasis with 

+3.5dB preshoot) 

on Lane 0

Reference: PCI Express Base Spec, Rev 3.1 (NOV-2013),

Section 4.2.3.2 Encoding of Presets, p.245.



RF Switch and Auto Toggling

ÅUse RF switch to handle multiple lanes without reconnections

ãMust provide termination to maintain compliance mode

ãUse programmatic interface to control from automation software

ãWhile switches typically have good signal quality at 4GHz, extra cables 

must be accounted for by de-embedding

ãDesign you device so that automatic toggling works for all presets

18 MAY 2018



PCI Express Tx Test with RF Switch

18 MAY 2018



Cable and RF Switch De-embed
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Comparison of De-embedding: Add-In Card

Add-In-Card (P7) With de-embed Without de-embed Diff

SigTest Measurement Switch & extra 

cable effects 

removed

Switch and cable 

effects present

Max Peak to Peak Jitter 43.167ps 42.212ps 2.26%

Minimum eye width 83.028ps 83.236ps -0.19%

Deterministic Jitter d-d 35.605ps 35.436ps 0.48%

Random Jitter 0.453ps 0.450ps 0.67%

Composit Eye height 0.110V 0.101V 8.91%

Min Transition Eye Height 0.111V 0.103V 7.77%

Min Non-transition Eye 

Height

0.115V 0.109V 5.50%

18 MAY 2018



Comparison of De-embedding: System

18 MAY 2018

System Board (P7) With de-embed Without de-

embed

Diff

SigTest Measurement Switch & extra 

cable effects 

removed

Switch and cable 

effects present

Max Peak to Peak Jitter 42.614ps 41.619ps 2.39%

Minimum eye width 81.566ps 82.443ps -1.06%

Deterministic Jitter d-d 31.261ps 31.653ps -1.24%

Random Jitter 0.865ps 0.775ps 11.61%

Composit Eye height 0.132V 0.129V 2.33%

Min Transition Eye Height 0.165V 0.152V 8.55%

Min Non-transition Eye Height 0.141V 0.134V 5.22%
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Testing Beyond Compliance
Å What happens if a measurement fails Compliance?

Å Could it be the channel?
Ǔ Measurements can be taken before the channel to 

evaluate results

Ǔ Different channel models can be created using 
SDLA Visualizer

Å How does the optimized Rx setting compare to 
other settings?
Ǔ Easily compare the results of multiple Equalization 

settings

Å Does deeper analysis of the waveform need to be 
done?
Ǔ PCIe specific measurements can be taken in 
Tektronixô measurement system DPOJET

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

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

Å Is the Tx compliant?
Ǔ NEW PCIe 3.0 base spec measurements are 

available to verify Tx compliance
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Gen4 Overview
Key Enhancements From PCIe Gen3

18 MAY 2018

Å Key attributes/requirements of PCIe4.0

o 16 GT/s, using scrambling, same as 8 GT/s, no encoding change

o Reduction in Rj(random jitter) from 3ps (PCIe3) to ~1ps (PCIe4) [PCIe Base Spec, Table 9.8]

o Maintains compatibility w/ PCIe installed base

o Connector enhanced electrically

o Gen4 connector backwards-compatible with Gen1/2/3

o Gen1/2/3 connector, however, will not accept Gen4 add-in cards

o [ƛƳƛǘŜŘ ŎƘŀƴƴŜƭΥ ϤмнέΣ м ŎƻƴƴŜŎǘƻǊΤ ǊŜǇŜŀǘŜǊ όōƻǘƘ redriver& retimer) for
longer channels and/or 2nd connector

Å bŜǿ Ψ{wL{Ω ƛƴŘŜǇŜƴŘŜƴǘ wŜŦ/ƭƪ ƳƻŘŜǎ

o SRNS ςSeparate RefClkIndependent with No SSC Architecture

o SRIS ςSeparate RefClkIndependent with SSC Architecture

Å New Rx Lane Margining feature

Å Rev 1.0 Base spec released in Oct 2017

Å Rev 0.7 Base spec draft
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Gen 4 System Tx Test

CLB

System DUT

2.0 dBόнΦлέύ 
CLB Txtrace CLB Variable ISI Board 

(including cable) Nominal 
2.0 dB trace

Nominal 1.0 dB 
cable to scope

Real Time
Scope

(3dB package)

18 MAY 2018
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Gen 4 Add-in Card Tx Test

CBB

Add-in Card DUT

Nominal 1.0 dB 
cable to scope

3.0 dBόоΦлέύ /.. 
Txtrace

CBB Variable ISI Board
(including cable) 

Nominal 10.3 dB trace

0.7 dBPCIe 
Connector

Real Time
Scope

(5dB package)

18 MAY 2018



NEW Tx Gen4 Base Automation Solution
via TekExpress Automation Tool

Allows users to perform Gen4 Base silicon 

automated test and validation per the Gen4 PCIe

Base spec, using either SigTest or DPOJET/SDLA 

characterization tools.

Available through existing Opt PCE4 for applicable 

70K DX and SX scopes 

18 MAY 2018



DPOJet for PCIe1/2/3/4 RefClk

18 MAY 2018

MEASUREMENTS Same as Gen3 RefClk but with 
Gen4 RefClk limits



PCIe Decoder (Opt SR-PCIe) for Gen1-4
ÅDecodes and displays PCIe data using 

characters and names that are familiar from 

the standard, such as:

Ǔ SKP

Ǔ Electrical Idle

Ǔ EIEOS

ÅEasily configured through ñBus Setupò under 

ñVerticalò menu with a variety of user-

adjustable settings

ÅResults table shows time-correlated listing of 

events time-correlated with waveform view

ÅIntegrated search with marks

ÅTek BSX BERTScope protocol/pattern 

match can be used to cross-trigger scope, 

which can use SR-PCIe for Tx/Rx link 

training test and debug

ÅDecoding available for PCIe Gen1-4

ÅSerial triggering for debug available for PCIe

Gen1-2

16GT/s Gen4 Capable!
18 MAY 2018



Tektronix PCIe Tx Solution  

AFG3252 

InstrumentNeeded

8GT/s: DPO71254C
Minimum Bandwidth: 12.5GHz

16GT/s: DPO72504DX or DPO73304SX
Minimum Bandwidth: 25GHz

SX Scope utilizes patented ATI (asynchronous time interleaving) technology to 

provide best-in-class noise floor performance including 32GT/s (PCIe Gen5)

18 MAY 2018

http://www.tek.com/datasheet/mso-dpo70000-series
http://www.tek.com/oscilloscope/dpo70000sx
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Essentials of Rx Testing

ÅPCIe 3.0 introduced formal Rx testing 

ÅBased on stress testing of the DUT in loopback

ǓLooped back data must be the same as stressed data

ÅDUT must support loopback initialization and training

ÅImpairments in stress must be controlled and repeatable

ÅDUT must receive stressed signals without errors (errors below 

specified ratio 10-12)

18 MAY 2018



Testing Challenges in Rx

ÅRx: Support of loopback

ãLoopback initialization

ãProper training conditions

ãCorrect stress and signal impairment levels

ÅHow to achieve required confidence level and beyond?

ãLength of test (Rx)

18 MAY 2018



Basics of Rx Testing

18 MAY 2018

At the simplest level, receiver 
testing is composed of:

1. Send impaired signal to the 
receiver under test

2. The receiver decides whether 
the incoming bits are a one or 
a zero

3. The chip loops back the bit 
stream to the transmitter

4. The transmitter sends out 
exactly the bits it received

5. An error counter compares 
the bits to the expected signal 
and looks for mistakes (errors)

Pattern Generator 
with Stress

1
2

3

4

5Error Counter



BSAPCI3 PCIe 3.0 Automation SW
ÅAutomated calibration, link training, loopback initiation, and testing.

ÅBER Map feature for TxEQ optimization.

ÅReduces the time and minimizes the skill-set required to perform the 
calibration and testing.

ÅIncreases the reliability and accuracy by removing inconsistencies with 
manual calibration.
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Automated Link Equalization

ÅState diagram from PCIe3 spec

ǓImplemented in Tektronix PCIe 

Rx test hardware and automation 

software

Ǔ2 paths to Loopback, either via 

Configuration or Recovery

ÅSet-up for loopback initiation 

with automated link 

equalization

ǓStep 1: select ñuse link eq.ò

ǓStep 2: initiate loopback

18 MAY 2018



Automated Link Equalization
ÅLoopback results: automation software provides complete 

equalization request log

ÅDUT 2 requests only one 
equalization preset

18 MAY 2018

ÅDUT 1 makes many 
equalization setting 
requests



Automation Test Options

18 MAY 2018

ÅAutomation software provides two options for testing:
1. άtǊŜǎŜǘ ǘŜǎǘέ ǳǎŜǎ ŜƛǘƘŜǊ ƴŜƎƻǘƛŀǘŜŘ ƭƛƴƪ ŜǉǳŀƭƛȊŀǘƛƻƴ ƻǊ ǳǎŜǊ ǎŜƭŜŎǘŜŘ 

preset for test

2. ά.9w ǘŜǎǘέ ǇǊƻǾƛŘŜǎ ǘƘŜ ƻǇǘƛƻƴ ǘƻ ǘŜǎǘ ŀ ƳŀǘǊƛȄ ƻŦ preshootand de-
emphasis settings



Automated Tx EQ Matrix Testing
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Á!ǳǘƻƳŀǘƛƻƴ ǎƻŦǘǿŀǊŜ ά.9w ǘŜǎǘέ ǇǊƻǾƛŘŜǎ ǘƘŜ ƻǇǘƛƻƴ ǘƻ ǎǿŜŜǇ ŀ 
matrix of pre-shoot and de-emphasis settings
ςQuickly find the range of values that work well with the DUT

ςIdeal for debugging purposes 

Á Select test matrix 
resolution

Á Click on equalization 
combinations desired for 
test

Á Initiate test



Automated Equalization Sweep testing

18 MAY 2018

ÁBER results matrix for preshootand de-emphasis settings 
provides an in-depth view of Rx sensitivity to Tx equalization

Preshootand
de-emphasis 
setting

Equivalent 
preset
number

BER result for 
each 
combination of 
preshootand 
de-emphasis

Green = pass



Automatic Calibration

ÅDue to complex test setup and variations in DUTs and test 
equipment just dialing up the settings on the signal source is 
not sufficient

ÅStress must be measured and adjusted 

ÅAutomatic calibration is used to achieve the right amount of 
stress

ÅMargin testing complements the compliance testing 

ǓHelp understand your deviceôs margins. 

ǓHow much additional stress does it tolerate?
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Add-In Card: Rx Stressed Eye Testing
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Host (System): Rx Stressed Eye Testing
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Rx Testing Summary
ÅCertainly the most complex type of testing

ǓDue to complexity of equipment and procedures

ÅExtensive correlation studies in PCI-SIG have helped to streamline 

solutions

ǓSimilar stress signals

ǓGuided calibration and test execution

ǓGood correlation on the latest workshop

ÅLink Equalization detail and BER test matrix go beyond 

compliance testing and give visibility into DUT behavior and 

margins

ÅSuccessful Rx compliance and margin test gives you the 

confidence that the device passes when you get to the workshop
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Agenda

1. Market Overview

2. Gen3 Overview

3. Gen3 Tx

4. Gen4 Overview

5. Gen4 Tx

6. Gen3 Rx

7. Gen4 Rx
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Challenges of Rx Testing for Gen4 Devices

1. Putting device into loopback

2. Performing Link Equalization

3. Easy Setup

4. Auto calibration of stresses.

5. Making accurate and repeatable 

measurements for large number of 

test cases

6. Root-causing factors leading to bit-

error or link training problems. 

Uncertain debug times can lead to 

product development delays.

Requires 

Protocol 

Awareness

Need Automated 

Solutions for 

Gen3 and Gen4 

Standards

Go beyond 

compliance

2

3

6

1
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Simplify equipment setup for RX test

ÅInternal 4-tap digital de-emphasis processor

ǐ Replaces external module and simplifies test interconnects

ÅTx equalization operates up to 32 Gb/s

ǐ A single instrument supports TXEQ for the broadest range of standards

ǐ No external mux-demux required at any data rate

ÅSupports in-band link training handshaking beyond 16 

Gb/s

ǐ Sub-500ns response time provides compliant timing for PCIe Gen3/4/5

ǐ Supports DUT handshaking for SAS4 @ 22.5 Gb/s and beyond

NEW BSX-SERIES OUTPUT STAGE WITH BUILT-IN 4-TAP TXEQ

No Mux/Demuxadd-on is required for operation up to 
32 Gb/s. A single BSX configuration is all that is 
required for current and upcoming Rx test 
requirements, including PCIe Gen5
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Current BERTScope Gen3 BASE Solution BSX-series BERTScopeGen3/4 BASE

Simplify equipment set-up for RX test

Drop two boxes 
and 6 external 

cables

Reducing the box count saves 
time by simplifying test set-up 
and calibration time
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Simplify getting the DUT into the 
proper test condition
ÅLoopback: complete the handshaking sequence 

required to put the device in loopback mode

ǐBSX series supports handshaking for a broad range of 

standards beyond 16 Gb/s

ǐProvides feedback into current status of loopback state 

machine for quick confidence

ÅLink training

ǐPerforms handshaking with DUTs to support equalization link 

training to optimize the TX equalization prior to performing tests
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Provide unprecedented DUT handshaking 

flexibility

ÅGoal: Allow customers to create their own protocol-based patterns 

and link state traversals via stimulus-response feedback (protocol 

handshaking)

ÅKey protocol features support debugging and proprietary 

standards:

ǓBit-oriented and protocol-oriented memory sequencer

ǓReal-time data processing at 32 Gb/s

ǓUser defined stimulus-response feedback (handshaking) 

ǑUser-defied Detector protocol pattern match -> Generator sequence advancement

ǑDetector can match up to 16 user defined blocks.

ǑStimulus/response trigger output allows cross-triggering of scope

Flexible handshaking enables support for proprietary protocols and 
creation of protocol message test cases for debugging.
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Memory Sequencer ïProtocol-Aware Mode

ÅIn Protocol-Aware mode, pattern memory words are treated as protocol 

blocks or groups of symbols instead of bits. 

ÅWords are fetched from memory and processed according to the 

selected protocol or encoding including:

ǓPackaging of symbols into protocol blocks 

ǓSymbol encoding (ex: 8b/10b)

ǓData scrambling (all protocols)

ǓDC balancing (PCIe Gen3/4, USB 3.1 SSP)

No need to find protocol experts to create protocol-
compliant test patterns.
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Reduce debug uncertainty

ÅTime-correlated and flexible eye diagram

ǐDiagnose detector input issues with one click

ÅKnob-based control supports quick parametric changes

ǐQuickly identify DUT limits

ÅUser defined handshaking allows rapid debug of DUT configuration 

issues

ÅError Location Analysis provides unique visibility into the underlying 

cause of errors

ÅForward Error Correction Emulation option provides before and after 

correction BER

ǐTest-drive FEC codes against actual error patterns

Failing DUTs lead to schedule slips. BERTScope debugging tools 
can help keep schedules on-track.
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Simplify equipment set-up for RX test

ÅAutomation solutions to provide test 

configuration and calibration support for a 

broad range of standards:

ǓPCIe Gen3 and Gen4

ǓUSB 3.1 Gen1 and Gen2

ǓDisplayPort

ǓThunderbolt

ÅConfiguration Wizard simplifies instrument set-

up

ÅAutomation of both scope and BERT to 

provide quick and accurate calibrations
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BSX series models and applications

18 MAY 2018

Legacy Standards
USB 3.1, SAS3, 
PCIe3

Gen4 Standards
PCIe Gen4, SAS4, 
Thunderbolt

25-28G and future 
standards up to 32 
Gb/s

BSX125BERTScope
up to 12.5 Gb/s P

BSX240BERTScope
up to 24 Gb/s P P

BSX320BERTScope
up to 32 Gb/s P P P

Recommended
Tek Scope for RX 
stress calibration

70K DX series 70KDX series or 
70K SX series

70K SXseries



Additional hardware changes & 
features
ÅBuilt-in programmable reference clock multiplier
Ǔ Provides clocking flexibility to support a broad range of forwarded clock 

configurations. Eliminates the need for external multipliers

ÅMaximum phase modulation frequency increased to 4 MHz
ǓIƛƎƘ ŀƳǇƭƛǘǳŘŜ {W ƻǾŜǊ ŀ ōǊƻŀŘŜǊ ŦǊŜǉǳŜƴŎȅ ǊŀƴƎŜ ŀƭƭƻǿǎ ǎǘǊŜǎǎƛƴƎ 5¦¢ ǘƻ ƛǘΩǎ 

limits

Å50 mV to 1.8V (single-ended) output amplitude
ǓHigh dynamic range supports extended receiver sensitivity testing without 

attenuators.

ÅBuilt-in two channel interference synthesizer
ǓMore flexibility for inserting two interference tones ( CM+DM, DM+DM, CM+CM) 

means more ways to stress your receiver

ÅBSX-series is code compatible with BSA-series
Ǔ Preserves automation investment for current BSA users

ÅDirect detector clock input
Ǔ Ability to bypass a CR in the TX path means more accurate results in Data Clocked 

Refclockconfigurations
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Gen 4 System Rx Calibration

CLB

CBB

Nominal 1.0 dB
cable from signal 
generator

Nominal 1.0 dB
cable to scope

4.0 dBCLB Rx 
trace matched 
across all lanes

3.0 dBCBB Txtrace 
matched across all 
lanes

0.7 dB
connector

CLB Variable ISI Board 
(including cable) Nominal 

3.0 dB trace

CBB Variable ISI Board
(including cable) 

Nominal 10.3 dB trace

Real Time
Scope

(5dB package)
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Gen 4 System Rx Test

CLB

System DUT

Nominal 1.0 dB 
cable from signal 
generator

Nominal 
1.0 dB 
cable to 
error 
detector

4.0 dBCLB 
Rx
trace 
matched 
across all 
lanes

0.2 dBSMP to 
2.92 mm
Adapter

2.0 dBSystem Tx
trace matched 
across all lanes

CLB Variable ISI Board 
(including cable) Nominal 

3.0 dB trace
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Gen 4 Add-in Card Rx Calibration

CLB

CBB

Nominal 1.0 dB 
cable from signal 
generator

Nominal 1.0 dB
cables to scope

3.0 dBCBB Rx 
trace matched 
across all lanes

0.7 dB
connector 2.0 dBCLB Tx

trace matched 
across all lanes

CLB Variable ISI Board 
(including cable) Nominal 

2.0 dB trace

CBB Variable ISI Board
(including cable) 

Nominal 15.3 dB trace

Real Time
Scope

(3dB package)
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Gen 4 PCIe Add-in Card Rx Test

CBB

Nominal 1.0 dB 
cable from signal 
generator

Nominal 1.0 dB cable to 
error detector

Add-in Card 
DUT

3.0 dBCBB Rx 
trace matched 
across all lanes

0.7 dB
connector

0.2 dB 
SMP to 
2.92 mm
Adapter

3.0 dBCBB Tx
trace matched 
across all lanes

CBB Variable ISI Board
(including cable) 

Nominal 15.3 dB trace

18 MAY 2018
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Beyond Compliance: BERTScope Analysis Tools

18 MAY 2018

Å Besides being a BERT, the .9w¢{ŎƻǇŜΩǎά{ŎƻǇŜέ ŦǳƴŎǘƛƻƴŀƭƛǘȅ brings benefits 
that complement those of the Tektronix scopes

Å Analysis tools are full featured and easy to use

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

Á Debugchallenging signal 
integrity problems

Á Error Location Analysis

Á Pattern Capture

Á Jitter Map

Á BER Contour
JitterJitter

Error 

Correlation

Error 

Correlation

BERBER

Jitter 

Decomposition

Jitter 

Decomposition

Jitter 

Tolerance

Jitter 

Tolerance

PLUSéPLUSé



Bertscopeַײ ֪ῷה
BERTSCOPE ANALYSIS TOOLS

User Challenge:

ÅNeed more than a bit-error rate (BER) number

ÅNeed to understand factors leading to bit error 

problems in order to debug issues

BSX Series BERTScope provides:

ÅñScopeò functionality that complement those of the 

Tektronix scopes

ÅFull-featured and easy to use analysis tools

ÅEye diagram for quick diagnosis of synchronization 

and BER failure issues

ÅDebug challenging signal integrity problems

Error Location Analysis

Pattern Capture

Jitter Map

BER Contour

FEC Emulation

Only with Tek can you obtain Rx failure 

insight using BERT error location analysis

BER Contour Eye Diagram

Error Location Correlation FEC Emulation

Jitter Map BER

Jitter Jitter Tolerance
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№ ⱳ

ERRORBIT 
LOCATION

EXPECTED 
BIT

200,457 0
1,247,356 1
1,447,890 0

3,885,245 0
4,001,876 1
8,233,191 0
Χ

ÅBERTScope ҩ
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1

1

1

0
0 1 1
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BER = 3.9 x 10-9
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