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Technology Overview

BIG DATA, I0OT AND ANALYTICS DRIVING NEED FOR
COMPUTE POWER, STORAGE CAPACITY, AND NETWORK BANDWIDTH

Eg? Computing
SATA
DDR5

u FibreChanne

Datacenter
Storage

[ X )
_.. SAS
e ee] SATA
G 0o:s R

Number of SSD-based devices connected to the network is Datacenter CR4
increasing the amount of data transmitted and stored Servers C0IE




PCle Market Intro LT

'SIG

 PCI 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

» PCle 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.

» The PCle physical layer consists of:
> Differential low-voltage signaling
> 100MHz RefClk is either Common or Separate (SRIS/SRNS)
o Scalable widths: x1, x2, x4, x8, x12, x16, x32
o Scalable speeds: 2.5GT/s (Genl), 5GTs (Gen2), 8GT/s (Gen3), 16GT/s (Gen4)
o Utilizes connectors, e.g., CEM, U.2 (SFF-8639), M.2 or soldered directly to PCB

» Specifications are developed & maintained by the PCI-SIG, a consortium of >900
companies.
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PCIl Express Terminology

e Silicon
e Referred to as “Base”
* No compliance testing

Form Factors

- CEM
.« U.2 (SFF-8639)
c M2

Interoperability 2 Compliance
*  “If you don’t own both ends of the link, then you are in the world of interoperability”

* Compliance measurements = PCI-SIG Fixtures + SigTest (Pass/Fail only)
* Full measurements - DPQOlJet + SDLA64

Chip-to-Chip (Embedded)
* No Interoperability = No Compliance

* Full measurements = DPOJet + SDLA64
e SigTest isn’t used since it is assumes PCI-SIG fixtures

e 18 MAY 2018



PCle Architecture and Terminology
ROOT COMPLEX vs ENDPOINT SILICON

PCle Device A PCle Device B
Device Core Device Core Memory
v v
PCle Core PCle Core lI
HW/SW HW/SW
Interface Interface PCle
y t ! t Endpoint
Transaction Layer Transaction Layer
v t v t
Data Link Layer Data Link Layer
v t v t
Physical Layer Physical Layer
TX Rx Tx Rx

Endpoint
~ Link Width  #Lanes  # Differential Pairs  # Wires
x1 1 2 4 Root Complex = Head or root of the connection of the 1/0 system to the CPU & memory
x4 4 8 16 Endpoint = Device that can request/complete PCle transactions for itself
x8 8 16 32 Switch = Device used to fan out a PCle hierarchy
x16 16 32 64 Bridge = Device that has one PCle port and one or multiple non-PCle endpoints

Lane = Two (2) differential pairs (4 wires): one Tx & one Rx
— Link = Connection between two ports & their interconnecting lanes
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PCI Express Overview

Architecture and Neighboring Technologies

x24 PCIE3

x6 SBATA 3

Server Uncore

l&&Ts

Data Center

PCle is needed to communicate
to storage, memory, USB slots,
and Gigabit Ethernet

DDR4/3L 12BGB Max  x2 1-GbE Ethemnet

ECC, UDIMM,

SODIMM, RDIMM

PCI Express is emerging as the primary, high-performance
(%) storage bus and SSD Interface

For Data Centers
PCle interfaces
with these other
standards:

« SATA

« DDR

« USB

* 10GbE

PCle is the high speed
conduit from CPU to all
these other peripheries:

Enhanced SPI

Platform
Controller

B

5

SM Bus

For the Client
PCI Express
interfaces with
these other
standards:

* SATA
+« DDR
+« USB
e Thunderbolt
¢ DisplayPort
* HDMI



PCle SSD Forecasted to Lead in Datacenter
EXPECTED TO OVERTAKE SAS IN 2017 & SATA IN 2018

Data Center GB SAM
100%

90%

80% Dual Port

70%

60% Single Port
& Boot

50%

40% Low Power

0%
2014 2015 2016 2017 20148 2019 2020

SATA mPCle mSAS

Source: Q1’16 Intel NSG Market Forecasting

PCI Express (PCle) projected as
leading SSD interface in DC by 2017

PCle bandwidth is significantly higher
than SATA

NVM Express (NVMe--SW interface)
has lower latency than SAS or SATA

Increasing focus on scalability using
protocol-driven dynamic cloud
management and virtual storage--
decreasing CPU overhead and
improving performance




PCle Spec Overview
PClI EXPRESS TERMINOLOGY

PCli ¢

T Yeim

PCle Specifications

Form Factors:
— Card (CEM)

— ExpressModule

— Cable
- U.2

PCI-SIG Developers Conference

-~ Data Link

— Mini Card (MiniCEM)

-

Software B
Transaction a ﬁ pap A
S ¥ Protocol

¥ Configuration
e — Bridge
- —  1/O Virtualization

¥ Single Root
¥ Multi-Root

*  Address Translation
Services

Physical Layer — Electrical Sub Block
—  Transmitter Signal Quality and Ref Clock Testing
—  Receiver Testing
— Interconnect Testing
—  PLL Loop BW
—  TX/RX equalization
—  Faster Bit Rates
—  Separate Jitter Budget

18 MAY 2018

PCI-SIG DevCon June 2012, “PCI-SIG Architecture Overview”



PCI-SIG & Gen3 Specs

PCI Express®
Base Specification
Revision 3.1
October 8, 2014

PCIZ>
EXPRESS’

1,075 pgs

PCI Express®
Card Electromechanical

Specification

Revision 3.0

July 21,2013

—>
Other specs
available at
WWW.pCisig.com
0 18 MAY 2018

PCI>=>
EXPRESS'

169 pgs

PCI Express Architecture
PHY Test Specification

Test Specification
Revision 3.0

June 6, 2013

PCIZ>

EXPRESS'

33 pgs



http://www.pcisig.com/

PCI-SIG & Gen4 Specs

Base Spec V1.0
Update In Process

PCI Express®
Base Specification
Revision 4.0 Version 0.5
January 26, 2015

PCIZ=>
EXPRESS'

1,293pgs

CEM Spec Rev 0.7
Update In Process

PCI Express®
Card Electromechanical

Specification

Revision 3.0

July 21,2013

PCI>=>
EXPRESS'

230 pgs

PHY Test Spec Rev 0.7
Update In Process

PCI Express Architecture
PHY Test Specification

Test Specification
Revision 3.0

June 6, 2013

—p>
Other specs
available at
WWW.pCisig.com
0 18 MAY 2018

PCIZ>

EXPRESS'
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http://www.pcisig.com/
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PCle Compliance Testing
PCle COMPLIANCE TESTING FOR INTEROPERABILITY

* PCIE holds regular compliance workshops/plugfests to certify individual
devices’ compliance and interoperability, typically 4x/yr

* Vendors who desire to be on PCI-SIG Integrator’s List plan to attend PCI-SIG
workshops where they must pass all four electrical tests & 80% of
interoperability tests

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

PCIE 3.0 Electrical PHY Compliance Tests

Transmitter Testing

Receiver Jitter Tolerance Testing
Tx/Rx Link Equalization Testing
PLL Loop Bandwidth Testing

0 18 MAY 2018 For more details visit PCI Compliance program:

http://www.pcisig.com/specifications/pciexpress/compliance/compliance library#electrical30




Compliance Equalization Presets

* Once 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.

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

« For 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 P
P1 0.0 35+1dB ;ﬂ\ﬂ /ﬁ \ | (} .r
PO 0.0 -6.0+1.5dB | T | \ r " I
P9 3.5+1dB 0.0 Va_ Vb__ve Vd
P8 3.5+1dB -3.5+1dB | / | _\J

I | ‘.
P7 3.5+1dB -6.0+1.5dB \ O\ - U

/ J
P5 1.9+1dB 0.0 y O - ¥
P6 25+1d8B 0.0 De-emphasis = 20 log,;Vb/Va
P3 0.0 25+1dB Preshoot = 20log,,Vc/Vb
Boost = 20log,, Vd/Vb

P2 0.0 -4.4£1.5dB
P10 0.0 Variable?

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

0 18 MAY 2018




Gen3 TX Gold Suite Test Plan

Toggle
Preset

PO

P1

Signal Quality (Jitter, Eye)

Up to the width of the port

Ln0 Ln3 Ln 7 Ln15

Preset Eq
LnO

P2

P3

P4

P5

P6

P7

P8

P9

P10

Pass
condition

One preset per lane must pass

All must
pass

e 18 MAY 2018



PCIE Reliance Upon Stable RefCIlk

Data transfer between two Data transfer between main

devices on the same PCB board and add-in board
(= ) = =] » PCle RefClk

A e [0 " oS provides a stable
cone o | = o = timing reference for

Bg— 1 | (o8

the high-speed
serial data
transmission
between two PCle
) devices

» For reliable
’ operation, RefClk
must have low jitter

Peripheral
Board

“Selecting the Optimum PCI Express Clock Source”,
Figure 2, page 2, Silicon Laboratories, Inc.




PCle RefClk Architectures

« PCle standard specifies a 100 MHz clock (Refclk) with greater than £300

ppm frequency stability at both the transmitting and receiving devices and
support for three distinct clocking architectures:

Common Refclk Architecture Separate Refclk Architecture Data Clocked Refclk Architecture
PCle PCle PCle
Link Link Link
PCle | _ | PCle PCle | PCle PCle | omm PCle
Device Device Device Device Device Device

100MHz

+300ppm
@— Refclk 100MHz 100MHz 100MHz
) 2300ppm +300ppm 300

« Common — most popular, supports SSC; same clock must be connected to
all devices while maintaining skew <= 12 ns between devices

« Separate/independent — used for cabled applications; SSC not historically
used prior to Gen4; now becoming increasingly used via SRIS

« Data Clocked — simplest to implement, but not very common

“Selecting the Optimum PCI Express Clock Source”,

Figure 3 page 3, Silicon Laboratories, Inc.
0 18 MAY 2018




DPOJet for PCle 1/2/3 RefClk

IMPORTANCE OF ACCURATE PCIE REFCLK MEASUREMENTS

« PCle RefClk signal has very tight jitter requirements even though it
only operates @ 100MHz

« RefClk jitter has direct impact on the quality of the data transfer
between PCle Tx & RX

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

jitter frequencies that are within it's bandwidth, & limit those it
cannot track

 The PCle Base Spec defines the:

o Untrackable 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

o Qverall transfer function, parameters (peaking & bandwidth), & jitter
limits for each of the 3 clocking architectures (common, data clocked, &
separate)

0 18 MAY 2018




PCle 1/2/3 RefClk Specs

Common Description Symbol Limit Units
PCle 1.1 Random Jitter R 4.7 ps pk-pk
Deterministic Jitter D 41.9 ps pk-pk
Total Jitter 'I'J 108 ps pk-pk
where Tj = Dj + 14.069 x Rj (for BER 10°'%)
PCle 2.1 High Freguency RM3 Jitter Jams HE 3.1 ps RMS3
Measured from 1.5 MHz to Nyquist (or frerpoik = 2)
Low Frequency RMS Jitter Jrms.LE 3.0 ps RMS3
Measured from 10 kHz to 1.5 MHz
PCle 3.1 Random Jitter Jams 1.0 ps RM3
Note: All jitter measurements are filtered using the overall transfer function(s) defined in Figure 4 after all combinations of
parameters have been exercised. See Appendix A=D.

Data Clocked

Description Symbol | Limit | Units
PCle 1.1 Mot defined in PCle standards
PCle 2.1 High Frequency RMS Jittar Jams e 4.0 ps RMS
Measured from 1.5 MHz to Nyquist (or fgppek = 2)
Low Frequency RMS Jitter JrMS-LE 7.5 ps RMS
Measured from 10 kHz to 1.5 MHz
PCle 3.1 Random Jitter Jams 1.0 ps RMS

Note: All jitter measurements are filtered using the overall transfer function(s) defined in Figure 4 after all combinations of
parameters have been exercised. See Appendix A.

Separate Description Symbol Max Units
Limit
PCle Gen2 | RMS Refclk jitter for SRIS architecture at 5.0Gb/s (Gen2) | TeereLk-pms-srIS 2.0 ps RMS
PCle Gen3 | RMS Refclk jitter for SRIS architecture at 8.0Gb/s (Gen3) | TeereLk-pms-sRIS 0.5 ps RM3

* PCle RefClk Rj

(Random Jitter)
spec has shrunk
from 4.7ps (Genl)
to 1.0ps (Gen3)

« Gen4 target spec

IS <1.0ps (possibly
700fs)

“Selecting the Optimum PCI Express Clock Source”,
Table 1, 2, 3, pages 6, 8, 9, Silicon Laboratories, Inc.

e 18 MAY 2018



DPQOJet for PCle 1/2/3 RefClk

MEASUREMENTS

ﬂ!’!.--_-

File | Edil fertical  Dighal | H

dd&(R09€ 08

Trensfer Functions Magnitude

50

]

&l

Gk TIE
Filtered TIE

Jitter, Moise and Cye Diagram Analysis Tools

Populaticn Maxee  Minec
’ —m—mm_mm:l

&) T-REFCLE-RMSCCA.. 303.85ps  0.0000s  383.65ps 103.65ps 000005 LO00Ds  0.0000s

3 T-REFCLEWST M., M4.68ps 00000 344.689ps 44,5005 pooots 1 000005 0.0000s

@ @ T-REFCLEAWST-RM.. 420.13ps  0.0000s  420.13ps 479.1%ps poo00s 1 L000Ds  0.0000s




DPOJet for RefClk - Reports

 Detailed reports with
scope configuration and
measurement results
Including plots are
available

+ Communts
P ]

e

Hoatuaciouron | e e
E [ o[ ook il o o 2 i s [ Bl
TSR A Jomts [ E = E a0 otea] codaal -
e i sia oo |52 3mge) = siiga = = 8 = =0 coal ol -

[E05 [ g Tegal— - - - EEn0 55| Sl -

TR WSTR[ 4 iga 600 | = E S E GEaEa [T it ol -
o e biga (.00 [0 S |- = - = ocesra s cosscal comtal -
TRERC L WAT-G EE l15 i = E < E ooeara 7 Gotcal coeal -
£ |65 |43 el b gal - = = g==Ap ool sotial -
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T e,
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PCIl Express Form Factors

CEM 1= e
Add-In-Card e '
(AIC) J, Data Center Client
U.2
(SFF-
8639) CEM CEM
U.2-to-CEM Adapter Uu.2 U.2
M.2

BGA

BGA
(Embedded)

e 18 MAY 2018



SFF-8639 Connector = U.2 Connector

Current SATA Connector
* Uses legacy SATA pin pitch
+ Keyed to preclude the insertion

of a non-SATA drive o oo ood 0000000000000\
L4 SATA Signal Pins « Power and Control Pins
ey

{Precludes non-SATA drive insertion)

Signal Pins (SAS Port B)
Current SAS Connector
» Added additional signaling pins
for a secondary port option at
with a tighter, modern, pin pitch

* Supports both SATA and SAS LR - I B
drives Signal Pins Power and Control Pins
{SATA and SAS Port A)
SFF 8639 Connector RefClk 0 & Signal Pins Lanes 1-3,

(SAS Port B SMBus, & Dual Port Enable
QooopnoppioooonnoponopnoonQoonaon

* Fills out all remaining pin capacity
of the legacy form factor
* Designed to support many

protocols
« Enterprise mapping supports
legacy SATA, SAS, and modern Signal Pins
PCle* drives simultaneously BATAaRASASPort A}~ Refclk 1,
= Both single port X4 and dual port X2 drives & Resets

= PCI-51G Specification now at rev. 0.7 | |

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




New PCI-SIG U.2 Compliance Fixtures

SUPPORTED IN TEKEXPRESS

 Similar to CBB3  Similar to CLB3
» Tests add-in cards » Tests systems
* 4 |lanes 4 |lanes

e 18 MAY 2018



Tektronix PCIE3 Tx Solution

APPROVED FOR PCI-SIG INTEGRATOR'S LIST TESTING




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

Complete Link

_...-/}\__
~ N
i 0000000 mH
= Pe=cial
Transmitter N Receiver

—v— _-/

Measure for Base Measure for CEM & U.2




PCle Base vs CEM Testing

= What test point each type of testing addresses?
= How do we get to see the signal at the point of interest?

_A_

T3 e i e L
X e =
1 tt 1

Measure for Base Capture Measure for CEM

4+

4

e 18 MAY 2018



Base Spec Tx Testing

SILICON LEVEL
» Base Specification Measurements are defined at the pins of the transmitter

 Signal access at the pins is often not possible

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

« S-Parameters are acquired on the replica channel
 Measurement at TX pins can also be enabled by high fidelity probes, eg P7700

[~ e -"‘-_ - ) .|
Signal at Tx Pins Measured Signal De-embed using Signal with Channel

atTP1 2 S-Parameters Effects Removed




SDLA

SERIAL DATA LINK ANALY SIS

B DPOJET Plots l=@] = ]
— - ==
Esagaeenicllalcll /A EFSO0EES sy

TIE (Tp4): Histogram

Equalizer: CTLE @ I Clock Recovery @ On Equalizer: FFE | DFE ©) PAM-4
TpiD _ _
. - ® @
CTLE Type BitRate: © Auto Detect - O EreimrE Type AdaptTaps @ "2
Standard - Honm I pagticle cled Custom - Auto -
) 25 25.00009: Gbis : :
Config
PLLType: @1 ©2 o FFE Taps 2 DFE Taps
Taps A
Dc R f 10 | JTF BW MHz 1 Sample/bit 0.16 | Ampltude
Traing z pl p2
27T | Apc 3 foq GHz 0.7 | PLL Damp 1 RefTap 0.00501 | Threshold
S I I
= =
T T e 1] c— ]




CEM & U.2 Spec Tx Testing

System & Add-In Card

» CEM Specification Measurements are defined at the slicer of a receiver
 Signal access is not possible

 Embedding of the compliance channel and package, as well as
application of the behavioral equalizer is required

« SigTest or custom software like DPOJET will perform the embedding
and calculate measurements

Signal Acquired Embed Compliance  Closed Eye due to Apply CTLE + DFE Open Eye for
from Compliance Channel and Package the Channel Measurements

Board

e 18 MAY 2018



Testing Challenges in Tx

* Meet the requirements for effective testing
v Compliance mode support, proper patterns and toggling mechanism

v Correct Tx equalization settings and preset and Lane ID encoding in
Tx compliance pattern

* Why so many presets? How to capture so many lanes?
v The answer is test automation, RF switch

* Measurement algorithms
v Implemented in SigTest, or scope specific software

« How to achieve required confidence level and beyond?

v Length and number of waveforms (for Tx)

0 18 MAY 2018



System/Host Test Fixture
« Compliance Load Board (CLB)

o Used for testing System Boards
o All Tx / Rx Lanes and Ref Clk routed to SMP
o Compliance Mode Toggle Switch

o Various types of Edge Connectors to support
different types of Slots on System Boards

o Separate CLB’s for Gen1/2/3

AFG or AWG

Gen3 CEM/U.2
Compliance Load Board
(CLB3)

Oscilloscope

CLB
Data with

toggle

switch
Ref Clk

System Board / Mother Board with Multiple Slots
0 18 MAY 2018



Add-In Card Test Fixture

« Compliance Base Board (CBB)

o Used for Testing Add-In cards

All Tx / Rx Lanes are routed to SMP

[e]

[e]

Compliance Mode Toggle Switch

Low Jitter Clean Reference Clock

[e]

Gen3 U.2
o Separate CBB for Gen 1/2/3 Compliance base Board
(CBB3)
_ Eora—
B ccc ru(t+ Gen3 CEM
T ‘._ ABE Compliance Base Board
',l-;““ G ! ->(' ] (CBB3) .

|
E 5
= Card

CBB with Multiple Slots of different widths and toggle switch

0 18 MAY 2018



Automation Simplifies Tx Testing

While convenient single capture capability is essential,
automation makes the testing practical

Iterate over multiple presets and lanes

Gather results in a single report

Provide means for quick switch to debugging and additional
measurements

Remove test fixture effects by using de-embedding

0 18 MAY 2018



TekExpress for PCle (Opt PCE3)

» TekExpress Automation for Tx Compliance with unique features
including:

\ Sets up the Scope and DUT

for tESting l DUTID DUTOO1 (9 siotNumber 01
i (») Acquire live waveforms () Use pre-recorded waveform files
\ Toggles thru and verifies Sl eiode Compience [ ]
the different Presets and e R ecrceon Hd i

}CEM | v | ‘Syslem-Board ] v ] ‘GenS -3.0 I v ]

Bit Rates

Device Profile
Data Rates  Transmitter Equalization Link Analysis

\ Tests multiple slots and (25 e e
lanes Wsobs V358 [Veds

R}} 8 Gbls Selected Presets for Signal Quality

P0,P01,P02,P03,P04,P05,P06,PO7,P08, P09, P10,
(For the Preset Tests go to "Test Selection”)

v Acquires the data

\ Processed with PCI-SIG Link;mon > - .
SIgTe st [ Lane__[¥] G signal Validation

Selected TestLanes Prompt me if Signal Check Fails | ¥
o l ]

[ Perform Pattern Decoding

v Provides custom reporting

0 18 MAY 2018



TekExpress - Setup

DUTID DUTOOT (&  slotNumber 01

( " Acquire live waveforms & :; Use pre-recorded waveform files

SigTest Mode Compliance :

Specification Device Type
ICEM ‘ v l [System-Board ’ v I

Version
(Gen3 -3.0

Device Profile
Data Rates  Transmitter Equalization Link Analysis
/25 Gbis Setup,
W/ 5Gbils |+/35dB |/ 6dB

m 8 Gbls Selected Presets for Signal Quality
= P0.P01,P02,P03,P04,P05,F06,FPO7,P08.POS,P10,
(For the Preset Tests go to "Test Selection”)

Link Width [ Automated DUT Control

1Lane | ¥ 0
Signal validato!

S&I)ected TestLanes [Prompt me if Signal Check Fails m

[ Perform Pattern Decoding




TekExpress — Test

PCle : System-Board : Gen3 - 3.0 : CEM

“Deselect < Selact ™
Signal Test | Preset Test - - a

25Gbps
AGbps
3Gbps
-[wr] Unit Interval
-[w] Mask Hits(All Bits)
-[w] Composit Eve Height
Transition Eye Diagram
Mon Transition Eye Diagram
~{w] Min Eye Width
~[+] Min Time Between Crossovers

-] TJ@E-12

-[w] Dj_dd
RJRMS)
-[w] Peak to Peak Jitter




TekExpress — Reports

= Unit Interval

s Pass
L4 Pass

125.0325
124.9625

Mask Hits{All Bits)

Composit Eye
Height

Transition Eye
Diagram

Transition Eye
Diagram

Transition Eye
Diagram

Transition Eye
Diagram

Transition Eye
Diagram

+ Transition Eye
Diagram

Hon Transition Eye

+| Diagram

Non Transition Eye

Mask Hits

Composit Eye
Height

Min Transition
Eye Height
Min Transition
Voltage

Max
Transition

Min Transition
Top Margin
Min Transition
Bottom Margin
Transition Eye
Mask Hits

Min Hon
Transition Eye
Height

Min Non

8Gbps POT

8Gbps POT

8Gbps PO7

8Gbps POT

8Gbps POT

8Gbps POT

8Gbps POT

8Gbps POT

8Gbps POT

8Gbps POT

4 Pass
L4 Pass
Informative
L Pass
4 Pass
L4 Pass
L4 Pass

L Pass

Informative

0.0000 hits

105.7689 mV

107.2269 mV

-0.1264 mv

0.1289 mV

0.0259 mV

-0.0314 mV

0.0000 hits

1M2.3181 mV

01274 mV

H: 0.0000
hits
L:71.7689
mv

H.A

L: 599.8736
mv

H: 599.8711
mv

L:0.0259
mv

H: 0.0314
mv

H: 0.0000
hits
N.A

L: 599.8726




» Decodes and displays PCle data using
characters and names that are familiar
from the standard, such as:

o SKP
o Electrical Idle

o EIEOS

Descrambied (hex) D

itrol (1010 1010
itrol|1010 1010
1010 1010

« Easily configured through “Bus Setup”

under “Vertical” menu with a variety of

user-adjustable settings

* Results table shows time-correlated
listing of events time-correlated with
waveform view

» Integrated search with marks
» Triggering up to 6.25Gbs (Genl & Gen2
only)

0 18 MAY 2018




“PCle Decoder (Opt SR-PCle)

File | Edit | Vertical | Horizlécq | Trig | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities | Help Iﬂ

Decode results
show correct

value of “87h” or o b )
“1000b” (as shown . ‘
in Results Table)

for Transmitter |
Preset P8 (-3.5dB | Eausey -:""“"'--‘~*--~*.««-'M{w---w--~ {U e M

1 1 ; PRREpERpERE o f_u_l e gy | | |1/ Ty Ty ¥ g T ey Ty ey
de-em P hasis with mFFhF’umh :ﬁ‘:ﬁ‘:ﬁ‘:@:’ﬁ‘:ﬁ‘muht i jl h 55hl5_.f':l1‘ |’§5JE|55|1 fe7m) mumunh l'ﬁﬂﬁﬂﬁﬁﬁﬁﬁﬂﬁ': JFFRIFFHFFRFOR|00n00n)00n|87h)0on)ook|0on)ok)

| N ) J
s e b TR -
+3.5dB preshoot) —_—
€3B 44.2mVidiv 500 By:12.5G IT3) 442mV 40ns  -324ns 36.8ns | €= Width || 20.0psidiv 50.0GS/s  20.0ps/pt
on Lane 0 7D 44.2mVidiv 500 By:12.5G T7) 88.4mV 4.0ns  -3.24ns 36.8ns ' | Preview Single Seq

@ 88.4mV 20.0us 0 acqs RL:10.0M
44.2mV 4.0ns -3.24ns 36.8ns Man December 11,2013  16:22:50

Results Table

B1 Marks X
Index Start Time Ordered Set Rate Type Symbol Character Symbol Character KCode Data (hex) Data (binary) Descrambled (hex) D
104009 10.26n Control|1010 1010 55h 01010101b|--- -
104010 11.26n control 1010 1010 55h 01010101b|--- -
104011 12.26n control 1010 1010 55h 01010101b | --- -
104012 13.26n Control 1010 1010 55h 01010101b|--- -
- - 104013 14.26n Control 1010 1010 55h 01010101b|--- - -
e x 104014 15.27n Control|1110 0001 87h 10000111b| ——- -
Encoding De-emphasis (dB) Preshoot (dB)
00006 -6 0
00015 35 0 Preset B
0100 45 0 1000b
00116 -25 0
voe : |2jj104015 Close
01100 o 2.5
01116 -6 35 Lane
e 5 s 0 Reference: PCI Express Base Spec, Rev 3.1 (NOV-2013),
o oo e | Sos i o e Section 4.2.3.2 Encoding of Presets, p.245.  —rmemaeses ; T
10110 through 11110 Reserved 1 ’

@ 18 MAY 2018



RF Switch and Auto Toggling

« Use RF switch to handle multiple lanes without reconnections

v Must provide termination to maintain compliance mode
v Use programmatic interface to control from automation software

\ While switches typically have good signal quality at 4GHz, extra cables
must be accounted for by de-embedding

v Design you device so that automatic toggling works for all presets




PCIl Express Tx Test with RF Switch

Digital Oscilloscope
5o, GPBCable

g i 1 NG
L |.C c ¢y | ¢ )
Relay 1 Relay 2 Relay 3 Relay 4
DUT - | Lane0
T
. Lane 1 .Y
-] = i
+
_ Lane 2 NS 1
o= 17 (
| " Lane3 (
. f
+




Cable and RF Switch De-embed

DUTID DUTOOT (@ swothumber 01
« Acquire live waveforms Use pre-recorded waveform files

SigTest Mode User Defined | ¥
Version Specification Device Type
|Gen3 -3.0 v | CEM | ¥ System-Board ¥

Device Pr

Data Rates
IV 2.5 Gbis

W/ 5Gbis

|V 8 Gbis

Voltage Sw.

 Full Swi Vs b

s [ Cable doembed.n [ Browses
Link Wigth | |

| 167LAane“s

Setacted T¢

vt i




Comparison of De-embedding: Add-In Card

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

Switch and cable
effects present

Switch & extra
cable effects

SigTest Measurement

removed
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 1.77%
Min Non-transition Eye 0.115V 0.109V 5.50%

Height
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Comparison of De-embedding: System

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

Switch and cable
effects present

Switch & extra
cable effects

SigTest Measurement

removed
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

 What happens if a measurement fails Compliance?

 Could it be the channel? Source

-M.f-".TH4 w
o  Measurements can be taken before the channel to o 9]
evaluate results

o Different channel models can be created using Rate {Ghie)
SDLA Visualizer

« How does the optimized Rx setting compare to

I

CTLE

Adc
fz (GHz)
p1 (GHz)
p2 (GHz)

other settings?
o Easily compare the results of multiple Equalization
settings
* Does deeper analysis of the waveform need to be g
done? E

o PCle specific measurements can be taken in
Tektronix’ measurement system DPOJET

o Determine if data dependent, uncorrelated or pulse §
width jitter is in spec
o Measurements filters and settings can be adjusted

to get to root cause, but remember you must pass
SigTest to be certified for compliance

* Isthe Tx compliant?

o NEW PCle 3.0 base spec measurements are
available to verify Tx compliance
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Gen4 QOverview

Key Enhancements From PCle Gen3
* Key attributes/requirements of PCle 4.0

16 GT/s, using scrambling, same as 8 GT/s, no encoding change
Reduction in Rj (random jitter) from 3ps (PCle3) to ~1ps (PCle4) [pcie Base Spec, Table 9.8]

Maintains compatibility w/ PCle installed base

o O O 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 Limited channel: ~12”, 1 connector; repeater (both redriver & retimer) for
longer channels and/or 2" connector

* New ‘SRIS" independent RefClk modes
o SRNS — Separate RefClk Independent with No SSC Architecture
o SRIS — Separate RefClk Independent with SSC Architecture

* New Rx Lane Margining feature
 Rev 1.0 Base spec released in Oct 2017
 Rev 0.7 Base spec draft
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PCle 4.0

Electrical Tests Under Developmet

o Tx signal quality test at 16GT/s

« End of channel eye diagram
o Tx preset equalization test at 16GT/s
« Preset O — Preset 10
o 16.0GT/s receiver test
- Stressed eye receiver loopback test
o Link equalization handshaking at 16GT/s
- Tx starts with correct preset requested through protocol

- Tx responds to protocol changes and adjusts
- RXx correctly adjusts the link Tx and operates with a stressed eye

o All 2.5/5.0/8.0GT/s Testing Still Required for
4.0 Integrators List for a 16GT/s Capable
Device
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PCle 4.0 (System)

Tx Signal Quality Test at 16 GT/s

o Channel Setup
« CLB plugs into system -> Variable ISI Board -> Scope
« 8dB at 8GHz of additional loss (including package embedding)

Power on System

Scope bandwidth = 25GHz

3dB package model embedded on scope

Toggle DUT to transmit 16GT/s Compliance Pattern

« 1ms pulse of 100MHz clock signal into Rx Lane0
Capture 2.0M Ul waveform for every Tx EQ Preset

o Waveforms post processed using SigTest
+ Ref clock captured with data waveform and used for clock recovery
« Behavioral Rx Equalization applied
« Eye width & Eye height @ E-12
« Each lane must pass SigTest analysis for at least one Tx EQ Preset

« EW > 0.3Ul (with TBD adjustment due to lack of cross-talk, etc. in test fixtures)
+ EH > 15mV (with TBD adjustment due to lack of cross-talk, etc. in test fixtures)

o O O O
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Gen 4 System Tx Test

B . Real Time
Nominal 1.0 dB Scope
-
CLB cable to scope (3dB package)

il .

— T

- 2.0dB (2.07) /
CLB Tx trace | CLB \(anable ISI Boar.d
(including cable) Nominal

. 2.0 dB trace

T

System DUT
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PCle 4.0 (Add-in Card)

Tx Signal Quality Test at 16 ¢

o Channel Setup
« Add-in Card plugs into CBB -> Variable I1S| Board -> Scope
« 20dB at 8GHz of additional loss (including package embedding)
Power on CBB
Scope bandwidth is 25GHz
5dB package model embedded on scope

Toggle DUT to transmit 16GT/s Compliance Pattern

« 1ms pulse of 100MHz clock signal into Rx Lane0
Capture 2.0M Ul waveform for every Tx EQ Preset

o Waveforms post processed using SigTest
« Time Domain CDR algorithm used to recover clock
« Behavioral Rx Equalization applied
« Eye width & Eye height @ E-12
« Each lane must pass SigTest analysis for at least one Tx EQ Preset

« EW > 0.3Ul (with TBD adjustment due to lack of cross-talk, etc. in test fixtures)
+ EH > 15mV (with TBD adjustment due to lack of cross-talk, etc. in test fixtures)

O O O O
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Gen 4 Add-In Card Tx Test

Real Time

Scope
(5dB package) Add-in Card DUT

/

N
CBB Variable ISI Board | [ n

(including cable)
Nominal 10.3 dB trace

Nominal 1.0 dB
/ cable to scope
0.7 dB PCle
Connector
\ CBB
~

3.0dB (3.0”) CBB
Tx trace
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NEW Tx Gen4 Base Automation Solution

via TekExpress Automation Tool

Allows users to perform Gen4 Base silicon
automated test and validation per the Gen4 PCle
Base spec, using either SigTest or DPOJET/SDLA
characterization tools.

Available through existing Opt PCE4 for applicable
70K DX and SX scopes

DUTID DUTO (% siothumber 01

[ Acguire live waveforms () Usa pre-recorded waveform filas

sigrestode [Compiance | ¥

Specification Device Type Yersion
{v| [T TestBoara [¥| [Gens-20 |v|

Data Rates  Transmitter Equalization LinkAnalysis

o Ghis i Selected Presets for Signal Guslity
FO.FO1.FOZ PO3 FO4 POS FOS, POT FOS,FOS.F10
Selected Presets for Signal Guaslity

BEns i F0,PO1,POZ P03 PO4,POS FOS, FOT, POS, P0G P10

S5C

BaseSpec : TX Test Board : Gend - 4.0

Gen3 Gend @ G
SHnai fest Preset Test | Preset Test

Meas Limits

(5) On O ot | Betup, ‘Preshoot  Deemphasis  Dependencies
v I PO 0.0dB 6.0d8 P04
Multi-Lane [ Automated DUT Control 6 o po 0.0dB 35dB P04
Selected Lanes é Signal Validation EEREY 0.0dB -44dB P04
Lo |Promp1 me if Signal Check Fails | v | I @ Pos 0.0dB -25dB P04
D Use Switch Matrix [ Perform Pattern Decoding — S Eg: :J: gg zg gg Pod
M @ Pos 25dB 0.0dB PO4
M O por 31548 B0dB POS,PD2
| O Pos 3548 a5dB POG,PD3
= ] Pog 35dB 0.0dB P04
: ] P10 0.0dB -6.5dB P04

s




DPQOJet for PClel/2/3/4 RefClk

MEASUREMENTS

File | Edit | Vertical Trg | Display | Car

Digial | Hariztcy

Jitter, Moise and Cye Diagram Analysis Tools

| T-AREFCLK-RMSCC... 383850
3 T-REFCLE-AWST-RM... 344.58p5

@ 2l T-REFCLEAWST-RM... 479.13ps

Mk

Sd Dev Max

D000
L000s
00000

e ontious] ' —m—mm_ _0.00005_| 0.00005

38185p8
34.59ps
420.13ps

-250

3B3.85ps DL0000E uD00Ds  0.0000=
34,655 LO0ns 1 ooows  0.0000s
429.13ps DL0000E 1 uD0oDs  0.0000=

Same as Gen3 RefClk but with
Gen4 RefClk limits

09 08 |

Trensfer Functions Magnitude

Lo R

10*

r-nuq---
Population Max-cc | Min-ce




PCIe Decoder (Opt SR-PCle) for Genl1-4

Decodes and displays PCle data using
characters and names that are familiar from
the standard, such as:

> SKP AR

\
10 | 0000 0000 1 0000 UDBU 1 11111 1 1111 111 BBDD 0000;

o Electrical Idle
o EIEOS

'\ P |
o~ \\qu\{:‘mV'\ A Jh\ﬁ—i‘__.’,,:’quf

Results Table
- - [13 ”» B1 Marks
« Easily configured through “Bus Setup” under
Index Start Time Ordered Set Rate Type Symbol Data (hex) Data (binary) (hex)
233 -1.78u Data 1111 0000 OFh 00001111b|15h 00010101b
[13 H 7 H . 234 -1.78u Data 0001 0101 |A8h 10101000k | 28h 00101011b
ertical” menu with a va nety of user- 5w Cata i01: cioo 20h  oeioniond aoh Glocizcrb
236 | -1.78u Data 0101 1100|3Ah 00111010b|40h 01000000b
. . 237 | -1.78u Data 0111 0001 | 8eh 10001110k | 90h 10011101b
238 | -1.78u pata 0001 1111 |F8h 11111000b| 8Dh 10001101b
adjustapble settings e e 10
240 | -1.78u [EIE Gen 4|Control /0000 0000|00h 000000b| --- ===
241 | -1.78 Control 0000 0000 00h 00000000b | —-- —
- - - 242 | -1.78u control [1111 1111[FFh 11111111k -
° R I I h | I f 243 | -1.78u Control 1111 1111 FFh  |11111111b ---
€Sults table snows time-correlated 1isting o 2s 177 Contral 0000 0000/00h 000000000, -
245 1.77u Ccontrol 0000 0000 00h 00000000b| —--
control[1111 1111[Frh 11111111b[---

events time-correlated with waveform view
» Integrated search with marks

« Tek BSX BERTScope protocol/pattern -
match can be used to cross-trigger scope, ..'. -
which can use SR-PCle for Tx/Rx link
training test and debug

[ o
o w0 fa

* Decoding available for PCle Genl-4

 Serial triggering for debug available for PCle o
Genl-2 et

16GT/s Gen4 Capable!
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Tektronix PCle Tx Solution

Instrument Needed

8GT/s: DP0O71254C

Minimum Bandwidth: 12.5GHz
16GT/s: DPO72504DX or DPO733045X
Minimum Bandwidth: 25GHz

\AFG3252

e

SX Scope utilizes patented ATI (asynchronous time mterleavmg) technology to
provide best-in-class noise floor performance including 32GT/s (PCle Genb)

0 18 MAY 2018
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Essentials of Rx Testing

« PCle 3.0 introduced formal Rx testing

Based on stress testing of the DUT in loopback
o Looped back data must be the same as stressed data

DUT must support loopback initialization and training

Impairments in stress must be controlled and repeatable

DUT must receive stressed signals without errors (errors below
specified ratio 10-12)




Testing Challenges in Rx

* Rx: Support of loopback
v Loopback initialization
v Proper training conditions
\ Correct stress and signal impairment levels

« How to achieve required confidence level and beyond?
v Length of test (RX)




Basics of Rx Testing

3

At the simplest level, receiver
testing is composed of:

Send impaired signal to the
receiver under test

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

The chip loops back the bit
stream to the transmitter

The transmitter sends out
exactly the bits it received

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




BSAPCI3 PCle 3.0 Automation SW

Automated calibration, link training, loopback initiation, and testing.
BER Map feature for TXEQ optimization.

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

Increases the reliability and accuracy by removing inconsistencies with
manual calibration.

Oeemphasis Caldestion

3 " Hun BER Test
P By Beve Dew Ceo Qoo Bes Ber Bee Ber Ber Do Bon
g e . DA euTae-—,
s - - W1 [ i W ” " W
-
13 _
- >
3 ¢ >
| -
!‘ o
25 _/"
2 |
>
‘_l" % meas
754 > B o
Y 5 Tt
e
19 - : 3 i - e
-10 15 5 15 i e
" -
3
=4
3
h ~




Automated Link Equalization

Figure 4-22: Main State Diagram for Link Training and Status State Machine

« Set-up for loopback initiation
with automated link

equalization

o Step 1: select “use link eq.”
o Step 2: initiate loopback

 State diagram from PCle3 spec

o Implemented in Tektronix PCle

RX test hardware and automation
software

o 2 paths to Loopback, either via

Preset Test

Configuition or Recovery

Configure Loopback

Use Link Equalization
>

Preset P7 v

unk# | 022 P
Lane# | 042 Preshoot 3.50}% &

Frs | 25502 Deemphasis | 6.00%| 4g
[T Find Safe Sampling Point Preset/Hint l;-‘IJ_IJ v

WNM& ] { Cancel
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Automated Link Equalization

» Loopback results: automation software provides complete
equalization request log

Preset Test

Initiate Loopback
RequestLog |Block Log

Req# Preset Pre-cursor Cursor Post-cursor Valid

128

0x6

0x2E

0xB

129

0x6

0x2D

0xC

131

‘ 130

0x6

|0x6

0x2C

0xD

0x28

OxE

132

0x6

0x2A

OxF

133

0x7

0x38

0x0

134

0x7

0x37

0x1

135

0x7

0x36

0x2

136

0x7

0x35

0x3

137

0x7

0x34

0x4

138

0x7

0x33

0x5

2

Preset Test

Initiate Loopback
RequestLog |Block Log

Req# | Preset | Pre-cursor Cursor Post-cursor Valid

<ooae [t ] (Lo ]

 DUT 1 makes many
equalization setting
requests

e 18 MAY 2018
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Automation Test Options

* Automation software provides two options for testing:

1. “Preset test” uses either negotiated link equalization or user selected
preset for test

2. “BER test” provides the option to test a matrix of preshoot and de-
emphasis settings

i@ PCle 3.0 Receiver Testing, 10,1234 == ==

|| Start Connect

VL
© 3 Preferences
)

1. Connect ko Devices
0 Start Conneck
BERTScope Address | 120,196,57.87
Hel
@ =p Scope Address [129,196.37.19
Calibrations Sigtest Server Address | 129,196,37,17

Abtempk connection ko Sigtest Server on 129,196,537, 19:4006
Connecked ko

2. Download Pattern Files ko BERTScope

Files Loopback - Download
ITEL Testing Gen
51 Calibration Check Al

Eye-height Cal
1= BER Test R Calibration il Clear all

|.m

| ESCE010004 || DPPEOIOI4Z | MoCR  ||ScopeMSO72004C || Sigtest3.23 |
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Automated Tx EQ Matrix Testing

= Automation software “BER test” provides the option to sweep a
matrix of pre-shoot and de-emphasis settings

— Quickly find the range of values that work well with the DUT
— ldeal for debugging purposes

BER Test
Configure BER Sweep
. 3 F5 ;24 = Bioost Limit 005 d& Ei’iiiglii;i:i‘j;;!;‘ig selest
u SElECt tESt matrIX Wsetect [Jro [t ez s [« [es Oes [Eer Wes
P DE 1
| Boost| 0/24 1/24 224 324 424 E/24 Ef24 e B
reso Utlon i 0.0 0000 -0.600 -1.6[00 25|00 35|00 47|00 6000 -7.6[00 9.5
\a & T Djz4
& 3 ;E i P4 0.0 0.8|P3 1.6|Ps  25|P1 35|P2  47[P0 60 7.6 9.5
L = 0.8 0.0[08 0808 -1.7|1.0 -28|l.2 39|13 5316 6819 B8
A 1fz4
0.8 1.6 5 35 4.7 6.0 76 9.5
* Click on equalization N R

F5 1.6 2.5 35

combinations desired for S

Eaeat
test e—d -

4124

9.5

4,7

" |njtiate test — v 0ofs 1ok =

5124

4.7 6.0
60 006G -1.6|8 -3

mNext> ] [ Cancel
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Automated Equalization Sweep testing

= BER results matrix for preshoot and de-emphasis settings
provides an in-depth view of Rx sensitivity to Tx equalization

Green = pass

Preshoot and
de-emphasis
setting

Equivalent
preset
number

0 18 MAY 2018

BER result for
each
combination of
preshoot and
de-emphasis




Automatic Calibration

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

« Stress must be measured and adjusted

« Automatic calibration is used to achieve the right amount of
stress

« Margin testing complements the compliance testing
o Help understand your device’'s margins.
o How much additional stress does it tolerate?
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Add-In Card: Rx Stressed Eye Testing

Connect Test Equipment and DUT

Gen 3 CBB (Riser) —»

R¥ Lane 0
= .
— |
100 MHz reference clock
> s
O S| Combiner O
Ll | 5 Combier -
[ = ,
—= ﬁ ~ (&) ATX Power
{ ) _:| | Supply
I'\:TI-.EM ERFICR
GEHERATOR DETECTOR
b= =
I:w+ |:m.+ ‘
\f:f:‘ IF?:- |' T
=z = :‘:—-. I|
¢le o ol @ 0 0 |= = R |
] Sl+ Sl- —
Subrate CLK + Nuote: Direction of the sighal N0




Host (System):. Rx Stressed Eye Testing

Connect Test Equipment and DUT

Gen 3 CLB X REF CLK

(100 MHz Ref Cut) (Top)

REX Lane 0 P
in (Front) | N N 3 I
—) ne
" (Out) (Rear)
(]
—
[ i i — P )
O ?':I - A (@)
|jt+ ! - [ ATX Power
{ Supply
CaglhCau(® |l Refin
QL ol 0 )| Rean [B DC Block - MCL BLK-18-S+
& & o ?_*ﬂ & ) e & |0 o Ry | | |
— Sl+ 5l 7 ETﬂmlnatIUﬁ-MCLANME-SEIU
) Subrate CLK + i

Nite: Diraction of the siphal e




Rx Testing Summary

« Certainly the most complex type of testing
o Due to complexity of equipment and procedures

« Extensive correlation studies in PCI-SIG have helped to streamline
solutions

o Similar stress signals
o Guided calibration and test execution
o Good correlation on the latest workshop

* Link Equalization detail and BER test matrix go beyond
compliance testing and give visibility into DUT behavior and
margins

« Successful Rx compliance and margin test gives you the
confidence that the device passes when you get to the workshop
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Challenges of Rx Testing for Gen4 Devices

Requires 1. Putting device into loopback @

Protocol L ot
OLOCO 2. Performing Link Equalization
Awareness
SAS3 SAS4
1. Calibrate IS for Vpp, eye opening, 1. Run live traffic
cal coefficients per standard 2. Ensure test equipment complies with
2. Calibrate crosstalk source for noise signal specs such as Vpp,
peak-to-peak impedance, rise/fall, UUGJ, UBHPJ,
3. Apply ISl and crosstalk to DUT DCD, and TJ
Need A-Utomated 3 EaSy Setup 4. Run live traffic 3. Calibrate channel to be compliantto
SO|utI0nS fOl' . . 5. Load training patterns and train :\?rzsstgzs;standards(-aodBal
Gen3 and Gen4 4- Auto Callbratlon Of Stresses. 6 z:z;);ureRJ 4. Iﬁoi._?trainingpatlemsandtrain
XX
Standards i 7. Gonfigure SJ 5. Configure SJ
5' Maklng accurate and repeatable g E°”"9“::?E{RL‘ST":"S’SEEJIT”” 6. CZ:fE::BERTIutransmitPRBS:ﬁ
- nsure that Bx as BoR1esS 7. Ensure that Rx DUT has BER |
measurements for Iarge number of than 1E-12 with level of 95% i lovel of 055 o
8. |If desired, firm BER of 1E-15
test cases wsingFEC

Go beyond 6. Root-causing factors leading to bit-
compliance error or link training problems.

Uncertain debug times can lead to
product development delays.

ERROR BIT EXPECTED
LOCATION BIT Pattern Generator
200,457 0 with Stress

@ 1,247,356 1

1,447,890 0

3,885,245 0

4,001,876 1 Error Counter

8,233,191 0




Simplify equipment setup for RX test

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

* Internal 4-tap digital de-emphasis processor

= Replaces external module and simplifies test interconnects Test Setup

N

« Tx equalization operates up to 32 Gb/s

= A single instrument supports TXEQ for the broadest range of standards Stress

* No external mux-demux required at any data rate Calibration

« Supports in-band link training handshaking beyond 16
Gb/s

= Sub-500ns response time provides compliant timing for PCle Gen3/4/5
= Supports DUT handshaking for SAS4 @ 22.5 Gb/s and beyond
No Mux/Demux add-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 PCle Gen5
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Simplify equipment set-up for RX test

Current BERTScope Gen3 BASE Solution BSX-series BERTScope Gen3/4 BASE

Drop two boxes

and 6 external
cables

Reducing the box count saves
time by simplifying test set-up
and calibration time




Simplify getting the DUT into the
proper test condition

» Loopback: complete the handshaking sequence
required to put the device in loopback mode

= BSX series supports handshaking for a broad range of
standards beyond 16 Gb/s

= Provides feedback into current status of loopback state
machine for quick confidence

e Link training
» Performs handshaking with DUTs to support equalization link
training to optimize the TX equalization prior to performing tests




Provide unprecedented DUT handshaking
flexibility

» Goal: Allow customers to create their own protocol-based patterns
and link state traversals via stimulus-response feedback (protocol
handshaking)

» Key protocol features support debugging and proprietary
standards:

o Bit-oriented and protocol-oriented memory sequencer
o Real-time data processing at 32 Gb/s

o User defined stimulus-response feedback (handshaking)
= User-defied Detector protocol pattern match -> Generator sequence advancement
= Detector can match up to 16 user defined blocks.
= Stimulus/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 — Protocol-Aware Mode

 In Protocol-Aware mode, pattern memory words are treated as protocol
blocks or groups of symbols instead of bits.

* Words are fetched from memory and processed according to the
selected protocol or encoding including:

o Packaging of symbols into protocol blocks

o Symbol encoding (ex: 8b/10b)

o Data scrambling (all protocols)

o DC balancing (PCle 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

Time-correlated and flexible eye diagram
= Diagnose detector input issues with one click

« Knob-based control supports quick parametric changes
= Quickly identify DUT limits

« User defined handshaking allows rapid debug of DUT configuration
ISsues

« Error Location Analysis provides unique visibility into the underlying
cause of errors

« Forward Error Correction Emulation option provides before and after

correction BER
= Test-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

« Automation solutions to provide test
configuration and calibration support for a
broad range of standards:

o PCle Gen3 and Gen4

o USB 3.1 Genl and Gen2
o DisplayPort

o Thunderbolt

« Configuration Wizard simplifies instrument set-
up

« Automation of both scope and BERT to
provide quick and accurate calibrations

e 18 MAY 2018



BSX series models and applications

Legacy Standards Gen4 Standards 25-28G and future
USB 3.1, SAS3, PCle Gen4, SAS4, standards up to 32

PCle3 Thunderbolt Gb/s

BSX125 BERTScope

up to 12.5 Gb/s \/

BSX240 BERTScope

up to 24 Gb/s \/ \/

BSX320 BERTScope

up to 32 Gb/s \/ \/ \/

Recommended 70K DX series 70K DX series or 70K SX series
Tek Scope for RX 70K SX series
stress calibration




Additional hardware changes &
features

Built-in programmable reference clock multiplier
o Provides clocking flexibility to support a broad range of forwarded clock

configurations. Eliminates the need for external multipliers

Maximum phase modulation frequency increased to 4 MHz
o High amplitude SJ over a broader frequency range allows stressing DUT to it’s

limits
50 mV to 1.8V (single-ended) output amplitude

o High dynamic range supports extended receiver sensitivity testing without

attenuators.

Built-in two channel interference synthesizer

o More flexibility for inserting two interference tones ( CM+DM, DM+DM, CM+CM)
means more ways to stress your receiver

BSX-series is code compatible with BSA-series
° Preserves automation investment for current BSA users

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

Refclock configurations
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Gen 4 System Rx Calibration

Nominal 1.0 dB
cable from signal
generator

CLB Variable ISI Board

(including cable) Nominal
3.0 dB trace \

4.0 dB CLB Rx
trace matched
across all lanes

/T

Nominal 1.0 dB
cable to scope

| ] CLB

/

]

0.7 dB

/ connector

CBB Variable ISI Board
(including cable)
Nominal 10.3 dB trace

Real Time

Scope

T m

AN
3.0 dB CBB Tx trace

matched across all CBB
lanes

(5dB package)




Gen 4 System Rx Test

Nominal
Nominal 1.0 dB 1.0dB
cable from signal cable to
enerator N error
8 02dBSMPto
etector
l CLB —| | 2.92mm

W Aorer |
—_I\Q = \ Vs

4.0 dB ClB—|| |- -/'l:
\ Rx :]
CLB Variable ISl Board trace — ngC:Br:::;E;T;TX
(including cable) Nomina matched
3.0 dB trace across all across all lanes

lanes

System DUT




Gen 4 Add-in Card Rx Calibration

iable ISI B
B CLB Variable ISI Board Nominal 1.0 dB

CLB ~ (including cable) Nominal
5.0 dB trace cables to scope

[— l Real Time
I Scope
(3dB package)

: |
0.7 dB ]/‘7
connector 2.0 dB CLB Tx Nominal 1.0 dB
. trace matched cable from signal —
across all lanes generator
[ I_I I I I_I |
|
B vNZBB Variable 1S| Board
3.0 dB CBB Rx (including cable)
CBB trace matched Nominal 15.3 dB trace

across all lanes




Gen 4 PCle Add-in Card Rx Test

Add-in Card

DUT Nominal 1.0.dB
Nominal 1.0 dB cable to cable from signal
error detector 0.7 dB generator \
connector
3.0 dB CBB Rx

trace matche
across all lanes

1
|
4 ' 1 \CBB Variable ISI Board
| 27 ! (including cable)
/ Nominal 15.3 dB trace
3.0 dB CBB Tx

trace matched

CBB
across all lanes
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Compliance Workshop Use Case—

PCle 4.0 Broadcom AIC DUT

Initiate L oopback
e B BT

feat Pamt Aecsss o Natasss e
3 -~ - - .
o~ ~ .

Iterative requests
from the DUT for

Debug—PCle 3.0 -> PCle 4.0 TXEQ tuning

Sequencer Loaded for PCle LTSSM Recovery loopback achieved

Loopback Initiation and

and BER SJ stress test initiated

Special thanks
to Broadcom
Ft Collins
team for their
collaboration!
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Beyond Compliance: BERTScope Analysis Tools

* Besides being a BERT, the BERTScope’s “Scope” functionality brings benefits
that complement those of the Tektronix scopes

e Analysis tools are full featured and easy to use

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

B E R - DETICTOR RESIK TS

17,531,077,248
0

BER 0.00€+00
0

s
Elapsed Time 00:00:02
Error Free 1,75€+10, 00:00:02

=  Debug challenging signal
integrity problems

E . .
Disgram = Error Location Analysis
_ = Pattern Capture
Jitter
Tolerance = Jitter Map

= BER Contour

........

Jitter
Decomposition

Error Fr—\—:'::: .
. SIphie ——
Correlation =
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BertscopeRYiitsrtrINgEe
BERTSCOPE ANALYSIS TOOLS

User Challenge:

* Need more than a bit-error rate (BER) number

* Need to understand factors leading to bit error
problems in order to debug issues

BSX Series BERTScope provides:

» “Scope” functionality that complement those of the
Tektronix scopes

——
FECEmulation .. ... .. =

- Full-featured and easy to use analysis tools = il s —

:E.i f _____ — - E'..-L'. — -

* Eye diagram for quick diagnosis of synchronization ;*ﬁt' ‘jnﬁgu | ;
and BER failure issues SR R T f—

* Debug challenging signal integrity problems
o Error Location Analysis

o Pattern Capture
o Jitter Map
- BER Contour

Only with Tek can you obtain Rx failure
. insight using BERT error location analysis
o FEC Emulation

e 18 MAY 2018



YO R R Hr T RE

AEHERERE M E D6 22

P nuknake o \ ~ ” .
Q ...LJ’], I o 22 Basic BER ."ﬁ '

U 1e%
Sy Block Error
- o Burst Length
d A rror Free Interval
| " attern Sensitivi
N : olhal
i
:

Generator

Detector

Stressed Eye

Jitter Map

Physical Layer Test »

LOCATION BIT —7——7—;
200,457 0
1,247,356
— -9 ’ »
BER=3.9x10 L

3,885,245
4,001,876

* BERTScopelt KB MRIGN 8233101
L :

O R OO =

- ERNE > ExiBE > ISRIEIER
- FECIHERHE 7RI ERIFIRIEZH35/SHYBER
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BertscopeRUiFit 2 HrleE

BertscopeX FHIZNFIRRERIDHTEES ] : BEEXTEIR
(SSERHITHEIENFIIRE 5.

1.BertscopeReiisratBiNEESHIHAE AR,
I1—R%_EFR/IT|(Total jitter) TI—RERAKREECHHY
SEMHNREERER. BTFTIEN 100N 2URA
HILLE FRIRIENE, REIRIYeeIsEmRN E%EsE
FI10rM2EES AR, MERBRESHTEFER
ERRE], ZEME1005-1006 FRIRIEN, AEET
BMEREEE10 2R RSN, HAEEIE
G SRy

2.BertscopeREBXNEERIRIEIA D HITHNE, AILAD
B HESEmS) R, DDiEE, HIAXEBEBIIES
SRR RXKETH—HE. FHEBESERIERE)
BRI BB A E %,

3.BertscopeBEB DT HEIIE, HIBNEDHFE
RKETIMER, LIRENERTIR.

- £ Ak ¥ print
[EYE DIAGRAM ‘\Se‘ﬁm/‘ \\c;:.s;, ) (EEE) 3
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BertscopeBYiEist 2 trII8E

4.3 FERENIZ BertscopeRENS HURARZ: HEEHY
IRE], AT BertscopeX M N ERBHEIRIEL,
FrLABEESCEAEFAEAIARENI . EARENINLS
R A NS IS N s B IF BT — 4.
EELCEIERS-10(E, HARENN B SIFNE
HOE(SEMRFIREF BEE X ER.

5.FHF BertscopeAISRAE LT LAFE/K EFIEE S [AE orge Lo
ENSHARIE, ATLABertscopeBES iR IRIBRE S L e

&, TN =HmEEREESHTHEAHEME

INsSRIRRE, MiikEe—RRBENKEREEE

SENSHWREE




BertscopeRJiEirt s HrIiEe

1.Bertscope Pattern sensitivity BEIEEIPRBS
HEE—HINEENELY, FENERT
PRBSHRIME—AZ, LELRNPRBS7AYESHINIR
BEaIpz, TLAEMEERF 220525523
MHEINRE, ARitHE— MUEIIRERY
. T

A
A 1
@

100-

2.BertscopelYStrip Charts3 HTREISIB ER1<HY
B HRIRHRE MRS E IR/ ERATE)

HRINRIBEARNEERIEE. tban
20/ NI ANBIRTAY SRS, 1=A3{YEE
AT HiRE S HIEI MYER, 1REE
EfEHILARIESE YL, #Peens &g e
B3k, aJLAMZRIZEE R EN T
BN, FlEnEESENRRRRE RN,
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BertscopefYiit o tRINEE

3. Bertscope Error free interval HJ 11543 T DI BEREWE 77
AT R A H IR BT ) B LRI (R A2 152 h ] [ H 3
AR, ARYE I Tal R ) ] DL 51w s i mf
Re SR A, PR YR S0 Bl e s gl s i TAE AR
T G| IR, XX AR [R] B AR A SR 5 FR R
AR AR A ¢ . a3 2 Hofth = (5 5 AR Pl ol i
1, RS BRPLIEE K.

4.FEC emulation ) T g RE M L4000 i ) 20 K i
B, RS2 i A FEC IE S RE S5 IE (iR ID 2,
B AT A B R 1) IR A R B AN 75 B X A ik

P BN IR EE, T B B R ) Rk B E

PREDEGIE i TN Sy =4 A EIR ST

ARFE ST K ik S BE U EER, @i P

ZRWAE, HERS5HIERS R EHITFECE IE
Ja IR AR RIS R ) =K AR — 3

| FEC EMULATION v

TOTAL ACCUMULATION I

99999999999

Bit Count
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B E AR5 HRT T

- O AAYRIIRAICDR, FFE/DFERIBEIENATE: PREIE FAYRTTHRSERIMERTE, FFE.
DFERYEmIETRIE, —MRAJIBEHMYEITIBEMHMAZE.

o 1SERRE—TUANERENERYF, BHSFIRENREER,, REBertscopefIPGHILE /I
HlESR, fBRLSEIPRBS31, MIAZRFECDRIRIRAJLAEHESIE, Error DetectorgEfSIE
RISYnciZ®, HBRMIXIZBIRE. 1CEEBEDIRIZE IAUto-resync,

& HistiYend /9500000(bit), XM SEEERECHRWFERERAT, NRSHINEIERNAT
BRI, WeTLAE=SE, LRI BEN I ERNRIB B R & se T saIR Bl e E
ZH., XANFEAVERZEDt, JLUREGESHERECHEIIAIRTE, NMRIRENE. K
IR LMRIEIRIBRIZ MMMt E H B EN AU ERRTE)., wEFLAfERTFauto center, AR
tHRun,
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- IREBEHRENE, BmSE e RIRXERDHIT—Rhot reset, IXBHEC: =i
TR ENRE, EFETDFE, FFE, fEBertscopefYError Free interval
EEHAUERIHINKEIREAEEEE DRI ZBEIRIBANITRE, £300000bitA
AABHINRE, EITAAX N IHERENSENEETk. A7 (RIEIHES
BRUESMII—EE, @iEIxX M hot resetfid 21k, Error free interval& B
X TIRNERFAITEIN. NUHKIERE, SRIEENYEZ A
300000X(1/20.62G)AJ915usEA.
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R4 HrTh e N B -FEC emulation

FEC Settings

Data&Recovered CLK

-
|
==
——
i‘ Tx setting:
= 25.78125Gbps
= PRBS31 pattern
. 1V differential output
: Rx setting:
|

Auto pattern and resync
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Tx PLL Loop Bandwidth & Peaking

Loop Bandwidth
(MHz)

1.5-22 8-16 5-16 2-4

Peaking (db)

0-3 0-3 0-1 0-2

0-1

1. PLL Test software
implementation is 5-8 MHz LBW,
allowed 0 — 1 dB peaking. Above
8 MHz LBW, allowed 0 —3 dB
peaking

18 MAY 2018

4.3.3.12. Transmitter PLL Bandwidth and Peaking

4.3.3.12.1. 2.5 GT/s and 5.0 GT/s Tx PLL Bandwidth and Peaking

PLL bandwidth and peaking are defined for both the Transmicter and Receiver in order to place an
upper limit on the amount of Refclk jitrer that is propagated o the transminted data and o the CIR.
Defining PLL BW and peaking limits also guarantees a minimum degree of Tx/Rx jiner tracking in
those systems utlizing a common Refelk Rx architecture.

Two sets of bandwidth and peaking are defined for 3.0 GT/s: 8-16 MHz with 3 dB of peaking and
5-16 MHz with 1 dB of peaking, This mives the designer the option of trading off between a low
praking PLL design vs. a low bandwidth design., For 2.5 T /s, a single PLL bandwidth and peaking
range 1= specified ar 1.5-22 MHz with 30 dB of peaking,

4.3.3.12.2. 8.0 GT/s Tx PLL Bandwidth and Peaking

The Tx and Rx PLL bandwidth for 8.0 GT/s sipnaling 15 2 — 5 MHz. Peaking may be from 0 to
2dB for bandwidths up to 4 MHz and 0 10 1 dB for bandwidths up to 5 MHe The 8.0 GT/s PLL
BW range 1= substantially lower than the PLL bandwidths specified for 50 GT/s or 25 GT/s
operation to reduce the amount of Retclk jicrer at the sample laoch of the receiver.




PLL Testing Wlth CRU - Setup

DDS OUT
CR286A (Rear)
A CBB2 can be used instead where the PCle 2.0 compliance toggle circuit creates a
4 e 1ms duration pulse of a 100 MHz refclk directly into the RXO0 lane of the DUT to
e €0 90 [:_-“ @ @ @ J) @ <C> l® generate the stimulus to switch signal speed and/or de-emphasis levels, without
\ o ﬂ] PL fﬂ ;‘!I the need for the two (2) 12” orange cables shown in the CBB3 diagram above.
) © 000 ©
® \L_/
@ & 1®]
o) 8
E S J
s
ATX Power
Supply
N
N __:).
~ el ;/( \}.
] ‘ 3 __"_//
JIC A
K /)

E: -l @ O o g ) =

-~ e )

/ CR286A (Front)
REF CLK
CMTS Pulse button/* BRD REFCLK or Extemal |
REFCLK Switch Note: Direction of the signal w
B — 0850 004———
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PLL Testing with CRU
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www.tek.com/pci-express

.
Tektronix: PRODUCTS SOLUTIONS SERVICES £ SUPPORT Q ogn

PCI Express

PCl Express® (PCle) technology is used in a variety of applications including GPUs, hubs, and storage interfaces. Emerging storage interfaces such
as next-generation S50 and host controller interfaces utilize NVMe* and SATA Express* protocols that reside on top of a PCle physical layer.

Accelerate the analysis, validation, and pre-compliance testing of your PCle design with test solutions from Tektronix. Tektronix instruments and
analysis software provide the flexibility to check your PCle design for pre-compliance or perform device characterization or protocol debug.

* To configure a solution for SATA Express or NVMe electricals, select "PCI Express” below.

Featured Content

Understanding and Characterizing Anatomy of an Eye Diagram PCle Gen3 How to Video with
Jitter Primer Application Note MSO70000

Timing jitter is the unwelcome companion of This application note discusses different ways This video shows how to make PCI Express
all electrical systems that use voltage that information from an eye diagram can be Gen 3 measuremnents using the MS070000
transitions to represent timing information. sliced to gain more insight. It also discusses Series oscilloscope with PCE3 and SDLA
This paper focuses primarily on jitter in some basic ways that transmitters, channels, software.

electrical systems. and receivers are tested. m
DOWHNLOAD » DOWNLOAD »

To get started configuring your solution, &, Downloads
Select a Standard:

Call s ot 1-500-833-5300 or try Live Chat

PCI Express r

Select a Revision:

DOWNLOAD TYPE MODEL OR KEYWORD

Library

Title
TECHNICAL DOCUMENTS

The Basics of Serial Data Compliance and Validation Measurements

VIDEOS This primer is designed to help you understand the common aspects of serial data transmission and to explain the
amalog and digital measurement requirements that apply to these emerging serial technologies
WEBINARS . . L . A
Understanding and Characterizing Timing Jitter Primer
Timing jitter is the unwelcome companion of all electrical systems that use voltage transitions to represent timing
METHODS OF S S U T
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