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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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Technology Overview

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

PCle :
Computin

SAS ——

SATA

DDR5

u FibreChannel

Datacenter
Storage

[ X )
_.. SAS
e ee] SATA
G 00:s R

Number of SSD-based devices connected to the network is Datacenter CR4
increasing the amount of data transmitted and stored Servers Chble
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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
D 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
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PCle Architecture and Terminology

ROOT COMPLEX vs ENDPOINT SILICON

PCle Device A PCle Device B
Device Core Device Core Memory
! :
PCle Core PCle Core l I

HW/SW HW/SW
Interface Interface PCle

y t ! t Endpoint

Transaction Layer Transaction Layer

v t

Data Link Layer

v t

Physical Layer

Tx Rx[

v t

Data Link Layer

v t

Physical Layer

_JTx Rx

Endpoint
 LinkWidth ~ #lanes  #Differential Pairs  #Wires
x1 ! 2 14 Root Complex = Head or root of the connection of the 1/0 system to the CPU & memory
B & H : 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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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 — Electrical Sub Block
—  Transmitter Signal Quality and Ref Clock Testing
—  Receiver Testing
— Interconnect Testing
— PLLLoop BW
—  TX/RX equalization

PCI-SIG Developers Conference

PCI-SIG DevCon June 2012, “PCI-SIG Architecture Overview”
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PCIl Express Terminology

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

* Form Factors

e 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 = DPOlJet + SDLA64

e Chip-to-Chip (Embedded)
* No Interoperability 2 No Compliance

* Full measurements = DPOlJet + SDLA64
e SigTest isn’t used since it is assumes PCI-SIG fixtures
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PCIl Express Standard Status

* PCle Gen4 Base Standard (16Gt/s) rev 1.0 released in Q4 2017
» PCle Gen4 CEM Standard in process
o Draft 0.7 test spec is under review

» Tektronix is participating in PCle Gen4 Tx and Rx CEM FYI-only
compliance testing at PCI-SIG workshops

o i.e. no vendors have been approved for PCle Gen4 at this stage
» PCIE Genb5 (32Gt/s) Base Spec rev 0.7 finalized March 2017
o Base version 1.0 is expected to be released in early Q2 2019

o Early RX test pathfinding is underway in the Intel PIL lab
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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

e 28 MARCH 2019 For more details visit PClI Compliance program:

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




What Does “Compliance” Mean?

@ @ nitps://peisig.com/developers/compliance-program

O Compliance Program | PCI-... % |||

PCI ¢
/SIG

Developers Home
Compliance Program
Technical Support
ntegrators List

Product Listing Request Form

PCI-SIG Compliance Workshops host interoperability and compliance tests. Interoperability
tests enable members to test their products against other members’ products. Compliance

Specifications  Events Developers Membership  Newsroom Search mgu

Compliance Program

PCI-S1G Compliance Workshops host interoperability and compliance tests. Interoperability tests enable members to test their
products against other members’ products. Compliance tests allow for product testing against PCI-SIG test modules

Both testing types issue “pass” or “fail” results for each test area examined. To formally label products as compliant, they must score
a minimum of 80 percent on interoperability tests and pass all required compliance tests

Tested Specifications
Interoperability and compliance tests focus on the latest PCI specifications, specifically:

- PCI Express 4.0 (FYJ Only)
- PCI Express 3.0

- PCI Express U 2™/SFF-8639/ (8 GT/s)

- PCI Express M.2™ (8 GT/s) (Preliminary FY] Only)

Test Areas
PCI Express compliance testing includes:

- Electrical Testing - Examines platform and add-in card Transmitter and Receiver characteristics

- Configuration Testing - Examines configuration space in PCle devices
= Link Protocol Testing - Examines device's link-level protocol behavior
= Transaction Protocol Testing - Examines devices transaction-level protacol behavior OO E LTS

L

tests allow for product testing against PCI-SIG test modules.

Both testing types issue “pass” or “fail” results for each test area examined. To formally
label products as compliant, they must score a minimum of 80 percent on interoperability

tests and pass all required compliance tests.




Compliance Equalization Presets

« Once in compliance mode, bursts (1ms) 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 N
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 35+1dB 35+1dB ! / | _\J

I | ‘.
P7 3.5+1dB -6.0+1.5dB \ - U

| J
P5 1.9+1dB 0.0 J i - ¥
P6 25+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+15dB
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
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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
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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

] e [T " oS provides a stable
N R = - = 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.
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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

PCle

Device

PCle
Link

100MHz
£300ppm

@

Refclk

PCle
Device

|

{E_T

« Common — most popular, supports SSC; same clock must be connected to

Separate Refclk Architecture

PCle
Device

100MHz
+300ppm

PCle
Link

PCle
Device

100MHz
+300ppm

PCle
Device

100MHz
300

PCle
Link

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

e 28 MARCH 2019

Data Clocked Refclk Architecture

PCle
Device

“Selecting the Optimum PCI Express Clock Source”,
Figure 3 page 3, Silicon Laboratories, Inc.




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)

e 28 MARCH 2019
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Testing Challenges in Tx

Meet the requirements for effective testing

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

Measurement algorithms

How to achieve required confidence level and beyond?

e 28 MARCH 2019



PCIl Express Form Factors

CEM 1= e
Add-In-Card [ — '
(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)
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PCle Base vs Form Factor (CEM/U.2)

Complete Link

~ —
i:.. * + ||+ +|| + +_++§
TRl ==l >
Transmitter e V --'/I Receiver
ol = =
Measure for Base Measure for CEM & U.2
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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
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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

—

N

Signal at Tx Pins

v__

A 4

S === : =

\/

AL

Measured Signal
at TP1

|||||F |||I i E 'f'
-

Signal with Channel
Effects Removed

De-embed using
S-Parameters
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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— ]
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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
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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 | |

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

Source:SFF-8639 PCle* SSD Ecosystem Readiness and Electrical Testing Update,
Flash Memory Summit 2014
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New PCI-SIG U.2 Compliance Fixtures

SUPPORTED IN TEKEXPRESS

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

e 28 MARCH 2019



Tektronix PCIE3 Tx Solution

APPROVED FOR PCI-SIG INTEGRATOR'S LIST TESTING

e 28 MARCH 2019



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

0 System Board / Mother Board with Multiple Slots



Add-In Card Test Fixture

« Compliance Base Board (CBB)
o Used for Testing Add-In cards
o All Tx / Rx Lanes are routed to SMP

o Compliance Mode Toggle Switch

o Low Jitter Clean Reference Clock

Gen3 U.2
> Separate CBB for Gen 1/2/3 Compliance Base Board
(CBB3)
R i Gen3 CEM
1 %—i i:’ c Compliance Base Board
G Jeci— (CBB3) .
$ £ LKL
£ £ £ £ —1e
...u. R — i. E =
. - a5 :;‘_: e Add'ln
. Card

CBB with Multiple Slots of different widths and toggle switch




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

e 28 MARCH 2019



TekExpress for PCle (Opt PCE3)

» TekExpress Automation for Tx Compliance with unique features
including:

v Sets up the Scope and DUT

for testing o D . TR
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 P
Ianes V/56bis  |V//35d8 [/ 6dB

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 > - .
Si gTeSt [ Lane__[¥] G signal Validation

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

[ Perform Pattern Decoding

v Provides custom reporting
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TekExpress - Setup

DUTID DUTO01 A G Siot Number 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
1 Lane v 0

Selected Test Lanes
LO

[Prompt me if Signal Check Fails m

[ Perform Pattern Decoding
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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 Crossaovers
-] TJ@E-12
-[w] Dj_dd

RJRMS)
-[w] Peak to Peak Jitter
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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
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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

e 28 MARCH 2019



PCIl Express Tx Test with RF Switch

Digital Oscilloscope
Il GPIB Cable
1O
c® |
Relay 1 Relay 2 Relay 3 Relay 4
pDUT | Lane0
“T=
Lane 1 N
B 7
+
Lane 2 \ L L
- J {' i’
" Lane 3 (
- i
+
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Cable and RF Switch De-embed

DUTID DUTOOT (®  siot Number
« Acquire live waveforms Use pre-recorded waveform files

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

Device Pr

Data Rates
IV 2.5 Gbis

. Vscos
|V 8 Gbis
Voltage Sw

* Full Swi
Reduce

Link Width

| 167LAane“s

Selected Te — —— :
LOLO3 LD uahizati Optimize
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Testing Beyond Compliance

 What happens if a measurement fails Compliance?

e Could it be the channel?

o Measurements can be taken before the channel to
evaluate results

o  Different channel models can be created using Rate (Gbis)
SDLA Visualizer

 How does the optimized Rx setting compare to

Source

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
done?

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

e Isthe Tx compliant?

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

e 28 MARCH 2019




PCIl Express Tx MOIs

« 4 Tx MOls (Methods of Implementation) available at:

http://www.tek.com/pci-express

Scroll down to Technical Documents - Methods of Implementation

Gen3 Tx AIC (Add-In-Card) CEM MOI
Gen3 Tx System (Motherboard) CEM MOI
Gen3 Tx AIC (Add-In-Card) U.2 MOl

W DoE

Gen3 Tx System (Motherboard) U.2 MOI

e 28 MARCH 2019


http://www.tek.com/pci-express

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)

e 28 MARCH 2019


http://www.tek.com/datasheet/mso-dpo70000-series
http://www.tek.com/oscilloscope/dpo70000sx

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 expected in Q3-2016
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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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PCle 4.0 (System)

Real Time
Scope
(3dB package)

= 2.0dB (2.0”) /
CLB Tx trace . Var.lable ISI Board .
(including cable) Nominal

2.0 dB trace

Nominal 1.0 dB
cable to scope

+—=CLB
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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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PCle 4.0 (Add-in Card)

Tx Signal Quality Test at 16 GT/s

A s g

Real Time
Scope
(5dB package) DUT
>
Nominal 1.0 dB Q. ‘/

/ cable to scope =
0.7dBPCle [RS

Q.

Connector

\
Variable IS| Board

(including cable)
Nominal 10.3 dB trace

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

BUTD. oUTON @) sotrumber o1 automated test and validation per the Gen4 PCle
(e Acquire live wavelorms { Use pre-recordad waveform filas Base Spec’ USIﬂg elther SlgTeSt or DPOJ ET/SDLA
Slree Hose characterization tools.

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

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

Data Rates  Transmitter Equalization LinkAnalysis

Selected Presets for Signal Guslity
Bt i F0.PO1.FOZ P03 P04, FOS, FOS, FOT, FOS, POS P10
15 Ghis é Selected Presets for Signal Guality

FD,PO1,POZ PO2 PO4, POS POS, POT POZ,POQ P10

BaseSpec : TX Test Board : Gend - 4.0

Gen3 Gend @ G
SHnai fest Preset Test | Preset Test

S5C 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
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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
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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)
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http://www.tek.com/datasheet/mso-dpo70000-series
http://www.tek.com/oscilloscope/dpo70000sx

Scope HW Requirements

« Compatible with DPO/DSA/MSO70000/C/D/DX/SX Series real-time
oscilloscopes that meet the bandwidth requirements in the table below

PCI Express Generation & Data Rate DPO/MSO70000 S'eries Bandwidth Recommended by PCI-S_IG for Co_mpliance
Less bandwidth can be used for debug, but not for compliance testing
Genl - 2.5 GT/s 6 GHz or higher
Gen2 -5 GT/s 12.5 GHz or higher
Gen3 — 8 GT/s 12.5 GHz or higher
Gen4d - 16 GT/s 25 GHz or higher.

Model Description Opt PCE Opt PCE3  Opt PCE4
DPO/DSA/MS070404C 4 GHz DPO; 2 Ch, 100 GS/s or 4 Ch, 50 GS/s \ \
DPO/DSA/MS070604C 6 GHz DPO; 2 Ch, 100 GS/s or 4 Ch, 50 GS/s \ \
DPO/DSA/MS070804C 8 GHz DPO; 2 Ch, 100 GS/s or 4 Ch, 50 GS/s \ \
DPO/DSA/MS071254C 12.5 GHz DPO; 2 Ch, 100 GS/s or 4 Ch, 50 GS/s \ \
DPO/DSA/MS071604C 16 GHz DPO; 2 Ch, 100 GS/s or 4 Ch, 50 GS/s \ \
DPO/DSA/MS072004C 20 GHz DPO; 2 Ch, 100 GS/s or 4 Ch, 50 GS/s \ \
DPO/DSA72504D 25 GHz DPO; 2 Ch, 100 GS/s or 4 Ch, 50 GS/s \ \
DPO/DSA73304D 33 GHz DPO; 2 Ch, 100 GS/s or 4 Ch, 50 GS/s \ \
DPO/MS072304DX 23 GHz DPO; 2 Ch, 100 GS/s or 4 Ch, 50 GS/s \
DPO/MS072504DX 25 GHz DPO; 2 Ch, 100 GS/s or 4 Ch, 50 GS/s \ \
DPO/MS0O73304DX 33 GHz DPO; 2 Ch, 100 GS/s or 4 Ch, 50 GS/s \ \
DP0723045X 23 GHz DPO; 4 Ch: 23GHz: 50GS/s or 2 Ch: 23GHz: 100GS/s \

DP0733045X 33 GHz DPO; 2 Ch, 33GHz, 100 GS/s or 4 Ch, 23GHz, 50 GS/s w/ \
DPS73308SX 33 GHz DPO System; 4 Ch: 33GHz: 100GS/s or 4 Ch: 23GHz: 50GS/s v v
DPO750025X 50 GHz ATI; 1 Ch, 50GHz, 200 GS/s or 2 Ch, 33GHz, 100 GS/s \ \
DPS750045X 50 GHz ATl System; 2 Ch: 50GHz: 200GS/s or 4 Ch: 33GHz: 100GS/s N \
DP0759025X 59 GHz ATI; 1 Ch, 59GHz, 200 GS/s or 2 Ch, 33GHz, 100 GS/s «/ \
DPS75904SX 59 GHz ATI System; 2 Ch: 59GHz: 200GS/s or 4 Ch: 33GHz: 100GS/s N \
DPO77002SX 70 GHz ATI; 1 Ch, 70GHz, 200 GS/s or 2 Ch, 33GHz, 100 GS/s + N
DPS77004SX 70 GHz ATI System; 2 Ch: 70GHz: 200GS/s or 4 Ch: 33GHz: 100GS/s \ \
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Testing Challenges in Tx

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

\ Correct Tx equalization settings and preset and Lane 1D 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)
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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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Tektronix Solutions on PCI-SIG

B PCI-SIG - Tektronix X+ = X

& C & https//members.pcisig.com/wg/PCl-5IG/document/folder/614 v O

ﬁ | Welcome, Yu | My Profile | Public Site | Sign Out

PCI ¢
T—d

PCI-SIG Members Area v /SIG

ﬁ Home . Documents Discussions Voting

home » documents » compliance program » peie 3.0 » electrical testing » tektronix

& Documents E Tektronix

Search for : H
Search Upload Document ~ Download Selected as ZIP | iDrcn_tc Urlfad.ﬁf Cli_cklc _BFGWSE
N Maximum File Size: 1024 MB H
e PCI-51G Members Area H
Compliance Program Sortby: Title Date~ Author Company Shared By
<
pov PCle20 Title Modified Date Modified By Shared By
= PCle 3.0
Configuration Testing il Tektronix Gen3 Link EQ MOI for System and Add-In Card Sep 11,2018 Administrator
& Elecirical Testing (8.51 MB) Revision 2
Anritsu Tektronix MOI for Gen3 RX AIC and SYS CEM Aug 1, 2018 Administrator
[ g
Keysight/Agilent (4.57 MB) Revision 1
Tektronix -, Tektronix MOI for Gen3 RK AIC and SYS CEM 1.0 Mar 22. 2018 Admiristrator
Teledyne LeCroy {469 ME) Revision 2
Plafform BIOS Testing
Protocol Teting A Tektronix PLL Loop BW MOI for AIC using CEM and U.2 fixtures Jan 31, 2017 Administrator
{1.83 MB)
Test Source Code
5 PCle 4.0 g Tektronix MO for Gen3 Tx for U.2 Systems Aug 24, 2016 Administrator
I Events (2.02 ME) Revision 1
Images 7 Tektronix MOI for Gen3 Tx for U.2 Add-In Cards Aug 24, 2016 Administrator
[y Integrators List Archive (2.04 MB) Revision 1
Procedures Center -
P Tektronix MOI for Gen3 Tx for CEM Systems Aug 24, 2016 Administrator
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Pathfinding for Gen5

0.7 REV OF BASE STANDARD IN PROCESS

e 32GT/s NRZ data rates and ~35dB channel loss, with no forward error correction

* 128/130b encoding, same as Gen3-4
* Typically 2 retimers, similar to Gen4

* TS1/TS2 ordered sets in 8b/10b encoding as well as 128/130b encoding will be enhanced to
include 32GT/s

* Equalization flows will be similar to Gen3-4

* EIEOS will may be modified to include longer run lengths of 1’s and 0’s
* Compliance patterns will be identical to Gen4

* Raw BER remains at 1E-12

* TXEQ presets expected to be sufficient

* Backward compatibility with slower speeds still expected




5.0 Tx Jitter Parameters = "

-- 2.5GT/s | 50 GT/s | 8.0 GT/s | 16.0 GT/s | 32.0 GT/s -
Tx uncorrelated total jitter 100 (max) 50 (max) 31.25 (max) 12.5 (max) 6.25 (max) ps PP at 10-

T Tx uncorrelated total jitter 100 (max) 66.51 (max) 33.83 (max) 15.85 (max) 7.93 (max) psPPat 10-
TX-UTJ-SRIS when testing for the IR 12

clock mode with S5C

Tx uncorrelated Dj for 100 (max) 30 (max) 12 (max) 6.25 (max) 3.125 (max) psPP

non-embedded Refclk

T Total uncorrelated pulse N/A 40 (max) 24 (max) 12.5 (max) 6.25 (max)  psPPat 10-
PW-TI width jitter 12

Deterministic DjDD N/A 40 (max) 10 (max) 5 (max) 2.5 (max) ps PP
(LS DDA | correlated pulse width
jitter

Tx Random jitter N/A 14-36 14-22 0.45-0.89 23-.45  psRMS
TX-RJ

TTX-UD.IDD
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1,2

1,2

1,2,3,4

1,2,3,5,6
32 GTls <0.25 ps RMS

Table 9-22: Jitter Limits for CC Architecture

Notes:

1. The Refclk jitter is measured after applying the filter function in Figure 8-52

2. Jitter measurements shall be made with a capture of at least 100,000 clock cycles captured by a real time oscilloscope with a sample rate of 20 GS/s or great.

Broadband oscilloscope noise must be minimized in the measurement. The measured PP jitter is used (no extrapolation).

3. Forthe 16.0 GT/s and 32 GT/s CC measurement the 3SC spurs from the fundamental and harmonics are removed up to a cutoff frequency of 2 MHz taking care

to minimize removal of any non-SSC content.

4. Mote that 0.7 ps RMS is to be used in channel simulations to account for additional noise in a real system.

5. Note that .35 ps RMS is to be used in channel simulations to account for additional noise in a real system with PLL limits of 1.25 and 2.5 MHz and a model CDR
with a 20 Mhz bandwidth.

6. Alternate measurement methodologies are being studied and the methodology could be changed in the .7 specification. Itis possible a different measurement
methodology could impact the specification limits and/or CDR and PLL specifications.

) 2017 PCI-SIG® - All Rights Reserved
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The common clock PLL limits at 32 GT/s are 1.25 to 2.50 MHz

The common clock reference CDR at 32 GT/s is 20 MHz first order
A 5.0 base specification compliant device when operating at 8.0 or
16 GT/s must follow either:

g%lfe 4.0 specification requirements for PLL bandwidth and Tx jitter at 8.0 and 16.0
S

fiﬁle 5.0 specification requirements for PLL bandwidth and Tx at 8.0 and 16.0 GT/s as
OwWs:

= 16 GT/s-Tyyyry = 11.8ps

+ 16 GT/s - Ty g, = 40 - .84 ps RMS

= 8GT/s - Tyyyry = 30.55 ps

+ 8GT/s-Tyg = 1.29-2.18 ps RMS

= Note —only the Tx jitter limits that change are shown — all other Tx jitter limits at 8.0 and 16.0

G'T/s remain the same

* Note — these measurements are still performed with the PCle 4.0 specification reference CDR for
16 GT/s

Copyright @ 2017 PCI-SIG® - All Rights Reserved
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CTLE
+ Pole1-4GHz
+ Pole2-32GHz

+ -5to-15dB DC Gain

« Alternate CTLE options that better match the inverse of a typical channel response are being studied and it is likely the
reference CTLE will be improved for .7 specification.

- Gtaps
« 20 mV maximum tap weight

+  The 20 mV maximum was used to indirectly limit the H1/HO ratio with maximum loss channels. As more analysis is done for
the .7 specification, including quantifying the benefit of precoding - this limit and/or the number of taps could change

CDR Offset

« -3 Ul max with a .05 Ul step size from the sample position at the mean of the edges — picking the offset that gives the
largest eye area
+ Note — alternate figures of merit than eye area will be considered for the .7 revision of the specification

No AC Gain

Eye Target at pad for channel compliance
« 7.5mVppand.3Ulpp

Current Direction — Likely needs additional improvement in the reference CTLE for sufficient
margins over HVM with 36 dB channels.

+  No change to DC gain range expected — just better shaping/matching of typical channel inverse

«  Alternate CTLE proposals will be studied for inclusion in the .7 specification
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Server/Storage Industry Update

IT'S TIME FOR PCIE GEN5 TO SHINE!

 PCle Gen4 (16G) Base standard completed in Oct 2017
o Workshop compliance testing began April 2017
o Compliance/CEM standard complete by Q2 2018 (delayed)
« PCle Genb5 (32G) Base standard 70% complete
o Customers evaluating their readiness level for Gen5 now.
o Test chips from leading customers expected in Q1 2018
« Emerging standards like CCIX, OpenCAPI, GenZ applying
competitive pressure to PCle5, primarily geared at 25G
o Aimed at new emerging technology—cache memory management
o |f successful, will follow similar schedule as PCle5
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