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Technology Overview

BIG DATAOTAND ANALYTICS DRIVING NEED FOR
COMPUTE POWER, STORAGE CAPACITY, AND NETWORK BANDWIDT}

PCle

SAS

SATA

DDR5
| o

Datacenter
Storage

FibreChannel

(X ]
SATA

[ X )
W DDoR5 U
Number of SSIbased devices connected to the network is Datacenter CR4

increasing the amount of data transmitted and stored Servers CAUI4




PCle Market Intro LT

'SIG

A 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

A 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.

A The PCle physical layer consists of:
UDifferential low-voltage signaling
UL100MHz RefClk is either Common or Separate (SRIS/SRNS)
UScalable widths: x1, x2, x4, x8, x12, x16, x32
UScalable speeds: 2.5GT/s (Genl), 5GTs (Gen2), 8GT/s (Gen3), 16GT/s (Gen4)
UUtilizes connectors, e.g., CEM, U.2 (SFF-8639), M.2 or soldered directly to PCB

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

A Silicon
A WSTSNNBR (42 a a.t
A No compliance testing

A Form Factors

A CEM
A U.2 (SFB639)
A M.2

A InteroperabilityhA Compliance
A GLFT e2dz R2y QU 246y 020K SyRa 2F (KS
A Compliance measurements PCISIG Fixtures + SigTest (Pass/Fail only)
A Full measurement$, DPOJet + SDLAG4

A Chipto-Chip (Embedded)
A No Interoperabilityd No Compliance
A Full measurement$, DPOJet + SDLAG4
A {A3TecSad AayQi dza SSKGfistkkeg OS A0 A& |

QX
(0p))
-~
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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
%16 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

0 18 MAY 2018




PCI Express Overview

Architecture and Neighboring Technologies

For Data Centers
PCle interfaces
with these other
standards:

SATA
= DDR
= USB
» 10GbE

x24 PCIE3

x6 SBATA 3

Server Uncore

l&&Ts

Data Center

PCle is needed to communicate
to storage, memory, USB slots,
and Glgablt Ethernet DDR4/3L 128GE Max  x2 1-GbE Ethemet

For the Client
PCI Express
interfaces with
these other
standards:

* SATA
+« DDR
+« USB
Thunderbolt
DisplayPort
HDMI

ECC, UDIMM,

SODIMM, RDIMM

Platform
Controller

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

Enhanced SPI

1

C
SM Bus
Audic

Bl S

PCI Express is emerging as the primary, mgnformance
Q storage bus and SSD Interface




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

Data Center GB SAM A PCI Express (PCle) projected as
leading SSD interface in DC by 2017

100%
90%

80% Dual Port

A PCle bandwidth is significantly higher
than SATA

70%

60% Single Port
& Boot

50%

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

40% Low Power

A Increasing focus on scalability using
protocol-driven dynamic cloud
" ors 2015 2016 2017 2018 2019 2020 management and virtual Storage“
decreasing CPU overhead and
Source: Q1616 Intel NS G '\’Imp‘rb\lll‘i—g’péffﬁfmaﬁ%e




PCle Spec Overview
PClI EXPRESS TERMINOLOGY

PCli ¢

= pCle Specifications

-

B
Form Factors: Q Data Link S y :zﬁ;:Lannn
B |[FPay “ physical € N
— Mini Card (MiniCEM) ’ — 1/O Virtualization

¥ Single Root
¥ Multi-Root

*  Address Translation
Services

— ExpressModule
— Cable

- U.2

-

Physical Layer 1 Electrical Sub Block
T Transmitter Signal Quality and Ref Clock Testing
[ Receiver Testing
[ Interconnect Testing
i PLL Loop BW
| TX/RX equalization
[ Faster Bit Rates

|

PCI-SIG Developers Conference Separate Jitter Budget

PCISIGDevCoWdzy' S H A{MHIE !GNIKA G SOG dzZNBE h OSNIWIAS g ¢
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PCI-SIG & Gen3 Specs

Other specs

available at

WWW.PCISig.

com

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

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

Other specs

available at

WWW.PCISig.

com

Base Spev'1.0
Update In Process

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

PCIZ=>
EXPRESS'

1,293gs

CEM Spec Ré7
Update In Process

PCI Express®
Card Electromechanical

Specification

Revision 3.0

July 21,2013

PCI>=>
EXPRESS'

230 pgs

PHY Test Spec Rew
Update In Process

PCI Express Architecture
PHY Test Specification

Test Specification
Revision 3.0

June 6, 2013

18 MAY 2018

PCIZ>

EXPRESS'

39 pgs



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

A PCIE holds regular compliance workshppsgfeststo certify individual
RSOAO0SaQ O2YLIX Al YOS |yw AYyUSNERLISN

A Vendors who desiretobeonPCL D LY GS3INJI 02 NRE&SIG A &
workshops where they must pass all four electrical tests & 80% of
interoperability tests

A 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

PCIB.0 Electrical PHY Compliance Te

TransmitterTesting

Receiver Jitter Tolerance Testing
TYRXx LinkEqualization Testing
PLLLoop Bandwidth Testing

For more details visit PClI Compliance program:
18 MAY 2018 _ o DA X : ) ) :
http://www.pcisig.com/specifications/pciexpress/compliance/compliance library#electrical30




Compliance Equalization Presets

A 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.

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

A 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 3.5+1dB ;ﬂ\ﬂ /ﬁ i | :} .r
PO 0.0 6.0+1.5dB | o ﬂ | " |
P9 35+1dB 0.0 Va——Vb__vc vd
P8 3.5+1dB -3.5+1dB | || / \ / _\J
P7 3.5+1dB -6.0+1.5dB | |/ u U
J J ) 2 "
P5 1.9+1dB 0.0 Y
P6 2.5+1dB 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 Variablé

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

LN0O Ln3d Ln7 Lnl5 LnO

PO
P1
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
devices on the same PCB

Board
FPGA
A PCle
Link
PCle
Core
100MHZ
=300ppm  p— T
@_ Refclk

FPGA
B

PCla
Care

F 3

Data transfer between main
board and add-in board

Main AddHn )
Board Board
FPGA FPGA
A B

FCle
Core

Peripheral
Board

A PCle RefClk
provides a stable
timing reference for
the high-speed
serial data
transmission
between two PCle
devices

A For reliable
operation, RefClk
must have low jitter

fSelecting the Opti mum PCI
Figure 2, page 2, Silicon Laboratories, Inc.




PCle RefClk Architectures

A PCle standard specifies a 100 MHz clock (Refclk) with greater than N300

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

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

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

A Data Clocked i simplest to implement, but not very common

0 18 MAY 2018

ifSelecting the Optimum PC
Figure 3 page 3, Silicon Laboratories, Inc.




DPOJet for PCle 1/2/3 RefClk

IMPORTANCE OF ACCURATE PCIE REFCLK MEASUREMENTS

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

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

A Clock-data recovery (CDR) process must be able to track those
j1rtter frequencies that are wit!/l
cannot track

A The PCle Base Spec defines the:

U 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

U Overall 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.

Se parate 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

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

A Gen4 target spec
IS <1.0ps (possibly
700fs)

AfSel ecting the Opti mum P
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

A 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 -

et Sy
T e,

[ —

RefMeasReport2mht
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PCIl Express Form Factors

CEM 1= e
Addin-Card  je— ' _
(AIC) J. Data Center Client
u.2
(SFF
8630) CEM CEM

U.2 U.2

M.2

M.2
BGA

BGA
(Embedde

e 18 MAY 2018



SFF-8639 Connector A 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:SFB639 PCle* SSEcosystem Readineasd Electrical Testindpdate,
Flash Memory Summit 2014




New PCI-SIG U.2 Compliance Fixtures

SUPPORTED IN TEKEXPRESS

A Similar to CBB3 A Similar to CLB3

A Tests add-in cards A Tests systems
A 4 lanes A 4 lanes

e 18 MAY 2018



Tektronix PCIE3 Tx Solution

APPROVED FORPCI-SI| G | NTEGRATOROS LI ST T

_ MSO73304DX real-time scope

& =
(1 m =5
I A [T —, (R =
mw bl . : >

AFG?>252




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

A What test point each type of testing addresses?
A 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

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

A Signal access at the pins is often not possible

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

A S-Parameters are acquired on the replica channel

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

\/

el

V1V

.’-'*\[',; :
] .",-"1 =
| |I||rl |||I 7
|

v__

AL

A 4

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

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

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

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

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

Board

0 18 MAY 2018



Testing Challenges in Tx

AMeet the requirements for effective testing
a Compliance mode support, proper patterns and toggling mechanism

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

AWhy so many presets? How to capture so many lanes?
a The answer is test automation, RF switch

AMeasurement algorithms
a Implemented in SigTest, or scope specific software

AHow to achieve required confidence level and beyond?

a Length and number of waveforms (for Tx)

0 18 MAY 2018



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

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

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

USeparate CLB6s for Ge

AFG or AWG

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

Control

Oscilloscope

— CLB
Data with
toggle
switch
RefClk

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



Add-In Card Test Fixture

A Compliance Base Board (CBB)
U Used for Testing Add-In cards

U All Tx/ Rx Lanes are routed to SMP

C«

Compliance Mode Toggle Switch

U Low Jitter Clean Reference Clock

Gen3 U.2
U Separate CBB for Gen 1/2/3 Compliance Base Board
(CBB3)
| i Gen3 CEM
' ‘-i i:‘ e Compliance Base Board
= A (CBB3) B
' & =
HE AddIn
- Card

CBB with Multiple Slots of different widths and toggle switch

0 18 MAY 2018



Automation Simplifies Tx Testing

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

A Iterate over multiple presets and lanes
A Gather results in a single report

A Provide means for quick switch to debugging and additional
measurements

A Remove test fixture effects by using de-embedding

0 18 MAY 2018



TekExpress for PCle (Opt PCE3)

A TekExpress Automation for Tx Compliance with unique features
including:

a Sets up the Scope and DU
for testing

DUTID DUT00! (9 siotNumber 01

o e N |+ Acquire live waveforms _ Use pre-recorded waveform files
a Toggles thru and verifies S sresthiose Complance [ ]

the different Presets and — cauisiions - specitcation Beies e

. }CEM | v | ‘Syslem-Board ‘V ‘ ‘Gen3 -3.0 | v ]

Bit Rates e
~ . r DataRates  Transmitter Equalization Link Analysis
a Tests multiple slots and v 25608 sewp.

Ianes W/5Gbls  [v/35d8 vV|6dB

v/ 8 Gbis Selected Presets for Signal Quality
PO.PB1.P°2,P03.P04.P05.P06.P07,P0.8.P09.P10.

(For the Preset Teste go fo "Test Selection”)

a Acquires the data

§SC Meas Limits
N . S Oon soup.
a Processed with PQIG i =Ry
SigTest e v/ QD e vetetion

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

a Provides custom reporting [ pertorm Pattern Decoding

0 18 MAY 2018



TekExpress - Setup

DUTID DUTO01 @ Siot Number 01

;'_};\.- Acquire live waveforms C | 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
v/ 25 Gbis @
W/ 5Gbis |v/35dB |/ 6dB

m 8 Gbls Selected Presets for Signal Quality
— P0.P01,P02,P03 P04 P05 FO6,PO7,P08,POS,P10,
(For the Preset Tests go to "Test Selection”)

Link Width

Selected Test Lanes
LO

[Prompt me if Signal Check Fails m

[ Perform Pattern Decoding




TekExpress 1 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 1 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




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

~

U SKP

U Electrical Idle

U EIEOS —
AEasily configured t i

under AVertical o me=
user-adjustable settings

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

A Integrated search with marks
A 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

val ue of
1000bo (

in Results Table)

for Transmitter |

Preset P8 (-3.5dB | &= -,_I“'-{».‘m..w.,.ww‘w..ﬁ'._:... g

de-em p hasis with [ ) @BFFhiFFhjoon) IWIWIWI@IWIWID% %I%hlﬁﬁh |'5J5F||5_?5 |'§5Jﬁ|'§5u|?i3?h j0onjoon) l'iﬁl'iﬁﬂﬁﬁﬁﬁﬁﬂﬁ'r
N —| |

|L_'_| l_'_L_L_IL_J
+3.5dB preshoot) .. : ,
T 44.2mVidiv 5000 By:12.5G T 442mV 4.0ns -3.24ns 36.8ns
on Lane O &P 44.2mVidiv 500 By:12.5G T 88.4mV 40ns  -3.24ns 36.8ns

@ 88.4mV 20.0us
442mV 40ns  -3.24ns 36.8ns

Results Table

| [ 20.0us/div 50.0GS/s

20.0ps/pt

Preview Single Seq

0 acqgs

RL:10.0M

Man December 11,2013 16:22:50

B1 Marks
Index Start Time Ordered Set Rate Type Symbol Character Symbol Character KCode Data (hex)
104009 10.26n Control|1010 1010 55h
104010| 11.26n control 1010 1010 55h
104011 12.26n control 1010 1010 55h
104012 13.26n Control 1010 1010 55h
— — 104013 14.26n Control 1010 1010 55h
e e x [El[104014] 15.27n Control[1110 0001 87h
Encoding De-emphasis (dB) Preshoot (dB)
00006 -6 0
00010 35 0 Preset
e b ;
01000 0 0
01010 0 2
01100 o 2.5
0111b -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.
10110 through 11110 Reserved 1

Data (binary)
01010101b
01010101b
01010101b
01010101b
01010101b
10000111b

Descrambled (hex) D

0
]
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RF Switch and Auto Toggling

AUse RF switch to handle multiple lanes without reconnections
a Must provide termination to maintain compliance mode
a Use programmatic interface to control from automation software

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

a 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

0 18 MAY 2018



Comparison of De-embedding: System

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

SigTest Measurement Switch & extra Switch and cable
cable effects effects present
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

A What happens if a measurement fails Compliance?

A Could it be the channel? Source

~ -MATH4 W
U Measurements can be taken before the channel to
evaluate results

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

A How does the optimized Rx setting compare to

I

CTLE

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

other settings?
U Easily compare the results of multiple Equalization
settings
A Does deeper analysis of the waveform need to be
done? E
U PCle specific measurements can be taken in
Tektroni x0 measur ement
U Determine if data dependent, uncorrelated or pulse [§
width jitter is in spec
U Measurements filters and settings can be adjusted

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

A 1s the Tx compliant?

U NEW PCle 3.0 base spec measurements are
available to verify Tx compliance

-
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Gen4 QOverview

Key Enhancements From PCle Gen3
A Key attributes/requirements dPCle4.0

o 16 GT/s, using scrambling, same as 8 GT/s, no encoding change
0 Reduction irRj(random jitter) from 3ps (PCle3) to ~1ps (PCiszl} Base Spec, Table 9.8]
o Maintains compatibility w/ PCle installed base
o Connector enhanced electrically
0 Gen4 connector backwardsmpatible with Genl1/2/3
o Genl/2/3 connector, however, will not accept Gen4 addards
o [ AYAUGSR OKIYyySfY dmH ¢ Ediver&Oaiviey) ®O 0 2 NI NI LJ
longer channels and/or"® connector
AbSgs W{wL{Q AYRSLISYRSYyUu wST/ 1] Y2ZR
0 SRNE SeparateRefClindependent with No SSC Architecture
0 SRISY SeparateRefCldndependent with SSC Architecture

A New Rx Lane Margining feature
A Revl.0Basespecreleased irOct 2017
A Rev 0.7 Base spdcaft
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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

e 18 MAY 2018



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

I Nominall.0 dB Real Time
— CLB e : Scope
cable to scope (3dB package)

| .

—

é2.OdB(')HCDnét') /
CLBTxtrace .CLB yarlable ISI Bogrd
(including cable) Nominal

. 2.0dBtrace

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) Addin Card DUT
Nominall.0 dB 4
/ cable to scope
0.7 dBPCle

Connector

CBB Variable ISI Board

\ /\\

(including cable)
Nominall0.3dBtrace

30dBoodnev [/ ..

Txtrace

e 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 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

ﬂ!’!.--_-

Same as Gen3 RefClk but wi
Gen4 RefClk limits

Filg | Edid | Vertlcal Dighal | Ha ] ng | Display

dd&(R09€ 08 |

Trensfer Functions Magnitude

50

|
BD|- - - e

-100

A5D IR LS R
10 10 10 10 10

A0
o).t

Jitter, Moise and Cye Diagram Analysis Tools

Populaticn Maxee  Minec

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

| T-AREFCLK-RMSCC... 383850 D000 383.65ps 3B3.85ps DL0000E uD00Ds  0.0000=
# T-REFCLE-AWST -RM... 344.69p5 L000s J4.689ps 34,655 LO0ns 1 ooows  0.0000s
@ 2l T-REFCLEAWST-RM... 479.13ps 00000 42013ps 429.13ps DL0000E 1 uD0oDs  0.0000=




PCle Decoder (Opt SR-PCle) for Genl-4

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

SKP L pA . P RIARFIGAA
e ot

\

‘ v r r i
10 | 0000 0000 1 0000 0000 i 11111 I 1111 1111 1D00O0 00PO)
wvas) W—Wcrq—vvv—\?g—w" & v—vg'r

C«

~

U Electrical Idle

~

U EIEOS

VA A |
7 \\f q\{:‘mV'\:fl\ln\,czfﬁﬁ-‘qff

Results Table

AE I foi d hrle
a S I y C O n I g u r e t r Index_StartTime Ordered Set Rate Type  Symbol Dafalhex) Data (binary) (hex)
233, -1.78u pata |1111 0000|0Fh 00001111b|15h 00010101b
~ H Y . 234 -1.78u Data 0001 0101 a8h  |10101000b|28h 00101011b
n V e r t I C a o I I I e n u W I t 235 [-1.78u pata 1011 0100 20h 00101101b 40h 01001101b
236 | -1.78u pata 0101 1100 3ah 001110106 40h 01000000b
. . 237 | -1.78u pata 0111 0001 8eh  |10001110b|90h 10011101b
238 [-1.78u Data 0001 1111 F8h  |11111000b|8oh 10001101b
adjustable settings = =
240 | -1.78u [EIE Gen 4 |control|0000 0000 00h 000000b| ---
241 | -1.78u Contral 0000 0000|00h 00000000 -
. . . 242 | -1.78u Control 1111 1111 FFh _ [11111111b -
A R I I h | I f 243 [ -1.78u control 1111 1111|FFh 11111111b) ---
€Sults table snows time-correlated 1isting o TNE S Contra110000 0000 00h 1000000008 -
245 -1.77u Control 0000 0000|00h 050000000 ——-
Control|1111 1111 FFh  |11111111b/---

events time-correlated with waveform view

T>

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

A Decoding available for PCle Gen1-4

A Serial triggering for debug available for PCle s
Genl-2 et

To

16GT/s Gen4 Capable!
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Tektronix PCle Tx Solution

InstrumentNeeded

8GT/s: DPO71254C

Minimum Bandwidth: 12.5GHz
16GT/s: DPO72504Dar 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

A PCle 3.0 introduced formal Rx testing

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

A DUT must support loopback initialization and training
A Impairments in stress must be controlled and repeatable

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




Testing Challenges in Rx

ARXx: Support of loopback
a Loopback initialization
a Proper training conditions
a Correct stress and signal impairment levels

AHow to achieve required confidence level and beyond?
a Length of test (Rx)




Basics of Rx Testing

At the simplest level, receiver
testing is composed of:

3

1.

Sendimpaired signato the
receiver under test

Thereceiver decidesvhether
the incoming bits are a one or
a zero

The chipoops backhe bit
stream to the transmitter

Thetransmitter sends out
exactly the bits it received

Anerror countercompares
the bits to the expected signal
and looks for mistakes (errors)




BSAPCI3 PCle 3.0 Automation SW

A Automated calibration, link training, loopback initiation, and testing.

A BER Map feature for TXEQ optimization.

A Reduces the time and minimizes the skill-set required to perform the

calibration and testing.

A Increases the reliability and accuracy by removing inconsistencies with

manual calibration.

Oeemphasis Caldestion

Measure 4B
o
A\

: ¥ T ¥
-0 15 5 15

i BER Test
o Bere Dew Ceo oo Bew Bes @ee Ber Ber B B
S S S— L — e . T

oo
-




Automated Link Equalization

nitial State or
Directed by
Data Link Layer

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

A Set-up for loopback initiation

with automated link
equalization

UStep 1: sel
U Step 2: initiate loopback

ect

Preset Test

A State diagram from PCle3 spec

U Implemented in Tektronix PCle

RX test hardware and automation
software

U 2 paths to Loopback, either via
Configuition or Recovery

Configure Loopback

Basic | Advanced | Block Log

Use Link Equalization
>

Link # of] resek [P~

Lane# | 03] Preshoot | 35015 o
Fis | 2552 Deemphasis | -6.00/%] 45

("] Find Safe Sampling Point Preset/Hint PO v

WNM& ] l Cancel
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Automated Link Equalization
ALoopback 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

‘ 130

131

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

<ooae [t ] (Lo ]

[

ADUT 1 makes many

equalization setting

requests

Preset Test

Initiate Loopback
RequestLog |Block Log

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

/

ADUT 2 requests only one
equalization preset
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Automation Test Options

A Automation software provides two options for testing:
GSaidé

1.

2.

dt NBasi

preset for test

a .

9w

U0Saaé
emphasis settings

i PCle 3.0 Receiver Testing, 1.0.1204

dza S &

LINRE OA RS &

SAUGKSNI yS3zi

présBSootandider 2 v

[o ]

Start Conneck

VL
© 3 Preferences
)

0 Start Connect
e Help

Calibrations

I | BER Test

1. Connect ko Devices

BERTScope Address | 120,196,57.87
Scope Address 120,196,37,10

Sigtest Server Address |129,196,37,17

Disconnect

Disconnect

Disconnect

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

Connecked ko

2. Download Pattern Files ko BERTScope

Files Loopback

ITEL Testing Gen
51 Calibration
Eye-height Cal
R] Calibration

|.m

Dovenload

Check al

Clear all
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Automated Tx EQ Matrix Testing

Al dzi2Yl 0A2y a2Fd61 NB a. 9w
matrix of preshoot and deemphasis settings

¢ Quickly find the range of values that work well with the DUT
¢ Ideal for debugging purposes

[y
p
Q)¢

BER Test

Configure BER Sweep
4 - F5 b4l Boost Limit .05 d& Ei’iiiglii;i:i‘j;;!;‘ig select
A SeleCt tESt matrlx : Wselect [Jro [rr [z [Clee [« [Tl Oles Eer Wlee

F3 DE +1

reSOI ut|0n . Boost|  0jz2% 1/24 224 324 424 siz4 B24 724 B4
P

0o  0ooo 0800 -lej00 -25(00 -35(00 47|00 -6.0|0.0 -Fo(0.0 -9.5

0fz4

0.5 |P3 1.6 [P3 25(P1 3.5(Pz 4.7 |PO 6.0 7.6 9.5
s -080% -17[1.0 -2&|l.2 -39(13 5316 -6E(1.9 -58

s 1iz4
Ve 0.8 1.6 5 35 4.7 6.0 b 9.5

A Click on equalization T R EEE

2124

e @)
LT L
e U1l &
il s
] lﬁm
ol s )
el il
ol
o -+
ol
ol

combinations desired for e ] =
- ﬁg.\
test AT B

4124

A Initiate test — Rl

5124

4.7 6.0
60 006G -1.6|8 -3

mNext> ] [ Cancel
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Automated Equalization Sweep testing

A BER results matrix fareshootand deemphasis settings
provides an irdepth view of Rx sensitivity to Tx equalization

Preshootand
de-emphasis
setting

Green = pass [

Equivalent
preset
number

BER result for
each
combination of
preshootand
de-emphasis
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Automatic Calibration

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

A Stress must be measured and adjusted

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

AMargin testing complements the compliance testing
UHel p understand your deviceds mar
U 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

A Certainly the most complex type of testing
U Due to complexity of equipment and procedures

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

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

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

A 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

A Internal 4-tap digital de-emphasis processor

1 Replaces external module and simplifies test interconnects Test Setup

N

A Tx equalization operates up to 32 Gb/s

I Asingle instrument supports TXEQ for the broadest range of standards Stress
Calibration

~

I No external mux-demux required at any data rate

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

~

I Sub-500ns response time provides compliant timing for PCle Gen3/4/5
1 Supports DUT handshaking for SAS4 @ 22.5 Gb/s and beyond
No Mux/Demuxadd-on Is required for operation up to

32 Gh/s. A single BSX configuration is all that is
required for current and upcoming RXx test
requirements, including PCle Gen5
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Simplify equipment set-up for RX test

Current BERTScofigen3 BASE Solution BSXseries BERTSco@en3/4 BASE

Drop two boxes
and 6 external
[o=10] (1S

Reducing the box count saves
time by simplifying test seup
and calibration time




Simplify getting the DUT into the
proper test condition

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

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

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

A Link training

i Performs handshaking with DUTSs to support equalization link
training to optimize the TX equalization prior to performing tests




Provide unprecedented DUT handshaking
flexibility

A Goal: Allow customers to create their own protocol-based patterns

and link state traversals via stimulus-response feedback (protocol
handshaking)

A Key protocol features support debugging and proprietary
standards:

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

U User defined stimulus-response feedback (handshaking)
O User-defied Detector protocol pattern match -> Generator sequence advancement
O Detector can match up to 16 user defined blocks.

O Stimulus/response trigger output allows cross-triggering of scope

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

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

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

U Packaging of symbols into protocol blocks
U Symbol encoding (ex: 8b/10Db)

U Data scrambling (all protocols)

U 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

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

A Knob-based control supports quick parametric changes
T Quickly identify DUT limits

A User defined handshaking allows rapid debug of DUT configuration
ISsues

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

A Forward Error Correction Emulation option provides before and after
correction BER
1 Test-drive FEC codes against actual error patterns

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

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

U PCle Gen3 and Gen4

U USB 3.1 Genl and Gen2
U DisplayPort

U Thunderbolt

A Configuration Wizard simplifies instrument set-
up

A Automation of both scope and BERT to
provide quick and accurate calibrations
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BSX series models and applications

Legacy Standards | Gen4 Standards 25-28G and future

USB 3.1SAS3, PCle Gen4, SAS4, | standards up to 32
PCle3 Thunderbolt Gb/s
BSX128BERTScope
up to 12.5 Gb/s P
BSX24BERTScope
up to 24 Gb/s P P
BSX32BERTScope
up to 32 Gb/s P P P
Recommended 70K DX series 70KDX series or 70K SXeries
Tek Scope for RX 70K SX series

stress calibration




Additional hardware changes &
features

A Built-in programmable reference clock multiplier
U Provides clocking flexibility to support a broad range of forwarded clock
configurations. Eliminates the need for external multipliers
A Maximum phase modulation frequency increased to 4 MHz
Ul A3K YL AOGdzZRS {W 20SNJ I O0NBIFRSNJ FNBIdzSy O
limits
A 50 mV to 1.8V (single-ended) output amplitude
U High dynamic range supports extended receiver sensitivity testing without
attenuators
A Built-in two channel interference synthesizer
U More flexibility for inserting two interference tones ( CM+DM, DM+DM, CM+CM)
means more ways to stress your receiver

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

A Direct detector clock input
U Ability to bypass a CR in the TX path means more accurate results in Data Clocked
Refcloclconfigurations
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Gen 4 System Rx Calibration

Nominall.0 dB
cable from signal CLB Variable S| Board =  CLB
generator (including cable) Nomjnal e
3.0dBtrace n\ -
/ JE_
Goeosops  Aodecere T
P trace matched 0.7 dB
across all lanes / connector
I
CBB Variable ISI Board“.\l] - L
(including cable) | BN l
Nominall0.3dBtrace 3 0dBCBBIxtrace \
matchedacross all CBB

Real Time lanes
Scope

(5dB package)




Gen 4 System Rx Test

Nominal
Nominall.0dB 1.0dB
cable from signal cable to
N error
ge”eri‘tor 0.2dBSMP 0 giyrso
CLB —| | 292 mm
__\ Adapter 1
i} \ Ve
| _ "40dBctE—|| | /E
N\ RX ]
CLB Variable 1SI Board trace ) tzrfcdeBrﬁg'?ct re}g;l‘x
(including cable) Nomi matched "
3 0dBtrace across all acCross all lanes
lanes

System DUT




Gen 4 Add-in Card Rx Calibration

B CLB Variable ISI Board Nominall.0 dB

LB — (including cable) Nominal
2 0 dBtrace cables to scope

[— l Real Time
I Scope
(3dB package)

] |
0.7 dB ]f
connector 2.0 dBCLBTx Nominall.0dB
. trace matched cable from signal—_,
across all lanes generator
[ I_I I | I_I |
| |
N\ v\CBB Variable IS| Board
3.0 dBCBB Rx (including cable)
CBB trace matched Nominall5.3dBtrace

across all lanes




Gen 4 PCle Add-in Card Rx Test

Addin Card

Nominall.0dB
: ‘/ DUT cable from signal
Nominall.0dBcable to Jenerator g
error detector 0.7 dB \
connector
3.0 dBCBB Rx

trace match
across all lanes

—L_
| ' 1 \CBB Variable 1SI Board
| ZJ | (including cable)
a Nominall5.3dBtrace
3.0 dBCBBIx

trace matched

across all lanes CBB

0 18 MAY 2018



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

A Besides being a BERT, th® w¢ { G IO Q35 ¢ T bryids behditg |-
that complement those of the Tektronix scopes

A Analysis tools are full featured and easy to use

A Eye diagram for quick
diagnosisof synchronization
and BER failure issues

DETICTOR RIS TS
17,531,077,248
0

0.00€ +00
0

00:00:02
1,75E+ 10, 00:00:02

A Debugchallengingsignal
Integrity problems

Eye A Error Location Analysis

Diagram

A Pattern Capture

Jitter

Tolerance A Jitter Map

Jitter
() Decomposition
Error eS|

. & e
Correlation =
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Bertscope" )
BERTSCOPE ANALYSIS TOOLS

User Challenge:

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

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

BSX Series BERTScope provides:

AiScopeo f un cdmplemestthose of the h

Tektronix scopes
A Full-featured and easy to use analysis tools

AEye diagram for quick diagnosis of synchronization
and BER failure issues

ADebug challenging signal integrity problems
Error Location Analysis
Pattern Capture
Jitter Map
BER Contour
FEC Emulation

S
-
N

<

§ § -
s
ey g vy ag
itter T(krauc’
.
) 4
) T

Only with Tek can you obtain Rx failure
insight using BERT error location analysis
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