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PCle Gen4 Update

I Gen4 Update

Key attributes/requirements of PCle 4.0

0 16 GT/s, using scrambling, same as 8 GT/s, no encoding change

0 Maintains compatibility w/ PCle installed base

o Connector enhanced electrically (no mechanical changes)

o Limited channel: ~12”, 1 connector; repeater for longer reach
* Uniform measurement methodology applied across all
data rates

New ‘SRIS’ independent RefClk modes
0 SRIS - Separate RefClk Independent SSC Architecture

Rev 0.3 Base spec just introduced in PCI-SIG (June 2013)
o Rev 0.9 no earlier than 1H/2015
o Rev 1.0 no earlier than 2H/2015
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Gen4 Update
= Tx Jitter — Analysis solution
available today with PCE3.

= Tx EQ - CEM and Embedded will
have limited change. Base might
require Sampling solution.

= Rx — Similar approach at 16Gb/s.

e =E

PCle 4.0 Rx Specification

= Will continue to rely upon a siressed eye
approach where both EH and EW are stressed
+ Calibration channels IL will need to be reduced fo
yield ~24 dB at 8 GHz

+ Behavioral package model needs to comprehend
reduced Caag of include T-coil models

+ Behavioral DFE model to have increased number of
taps, af least 2

+ More capable CTLE moded

5 13-DEC-2013

Latest Gen4 Update @ PCle DevCon
on Tue/Wed, June 25-26

B
e Transmitter Jitter Spec

* PCle 4.0 uses same jitter parameters as PCle 3.0
¥ Treumwrs, Treumwoio. Treoos, Treurs and Treunico
+Jitter will need to scale approximately with bifrate
+ De-embedding approach will ikely remain the same

PCle 1.x and PCle 2 x jitter parameters will be

recastinto the same formas the PCle 3.0

parameters
+ Backward compatibility will be guaranteed
¥ Some PCle 1.0/2 x parameters will be effectively

tightened
¥ Example. PCle 2% Tuypuse parameter will be
converted IO Treypw.ry AN Truswomn

B
e Transmitter Equalization

= Max PCle 4.0 channel IL remains approx the
same s for PCle 3.0
* Plan is to retain same equalization presets
+ Training will require that only a subset of the presets
be used (P7 and P8)
= Equalization coefficientrange and resolution
also are i led to remain i

= EIEOS signaling will likely change such that no
TxEQ is applied during the EIEOS intarval

PCle Gen3 Overview




PCI-SIG PCI Express Standards Organization

PCI Express Board of Directors

CEM
EIIEV:lG | Flzlltggl Card SEC
ectrica Electromechanical Serial Enabling
Work Group Work Group Work Group Work Group
Pl Erprusar e PO xproses Architecturs
i e P
Ehiss PCI=> PCI=>
Other specs
available at
860pgs 184pgs 33pgs
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PCle Specifications
B
. c ¥ Protocal
Form Factors: =~ Data Link S v Configuration
e — Bridge

B s T ehysical
— Mini Card (MiniCEM)

— 1/O Virtualization

. v Single Root
= BxprescModule : 7 Mechanical v MaliRoot
— Cable ¥ Addross Translation

PCI-SIG Developers Conference 25
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Testing Challenges with PCI Express 3.0

PCle Device A PCle Device B
Device Core Device Core
] '

PCle Core PCle Core
HW/SW HW/SW
Interface Interface

v t v t
Transaction Layer Transaction Layer
v t v t
Data Link Layer Data Link Layer
' t ' t
Physical Layer Physical Layer
Tx Rx Tx Rx
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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

'Ihktl'nnIiX'

Testing Challenges with PCI Express 3.0

PCle Device A PCle Device B
Device Core Device Core
4 v
PCle Core PCle Core
HW/SW HW/SW
Interface Interface
' t v t
Transaction Layer Transaction Layer
v 1 v t
Data Link Layer Data Link Layer
! t ' t
Physical Layer Physical Layer
Tx Rx Tx Rx
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Oscilloscope
Tx

BERTScope
Rx
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PCle Gen3 Tx Solutions

I PCle Base vs CEM Testing

Complete Link

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

e
Vil T
T a0 e T

T3 | e oncbe= i

Trcmbrmil: S / — Recelver
Y
Channel - -

T T1 “
Measure for Base Capture Measure for CEM
12 13-DEC-2013 mnix_




I System (Base Spec) Tx Testing

= 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

YA, \YAY/ \/
VAWA AVA ' /\
Signal at Tx Pins Measured Signal De-embed using Signal with Channel
at TP1 S-Parameters Effects Removed
13 13-DEC-2013 mix-
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I Add-In Card (CEM Spec) Tx Testing

= 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

! g
oA ARan!
-

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

" 13-DEC-2013 Tekitronix-
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Compliance Patterns

= Once in compliance mode, bursts of 100MHz clock can used to cycle through various
settings of compliance patterns to perform, Jitter, voltage, timing measurements.

Data Rate Preshoot De-emphasis
2.5GTIs, -35dB
5.0 GT/s, -3.5dB i . .
5.0 GT/s, 6.0 dB 177 I T
8.0 GT/s, P0=0.0 6.0+1.5dB } 4 V- a
8.0 GTs, P1=00 -3.5+1.5dB 101 ;Va b — Ic“ : d
8.0 GT/s, P2=0.0 -4.411.50B 1] || ||
8.0 GTs, P3=00 -25+1dB 17 ‘ - W N
8.0 GTs, P4=0.0 0.0dB 1] 7 =
8.0 GTs, P5=19+1dB8  0.0dB e ' ‘ ‘ —— : .
8.0 GT/s, P6=19+1dB 0.0dB De-emphasis = 20logy, Vb/Va
8.0 GT/s, P7 =1.9+1dB -6.0+1.5dB Preshoot = 20logqq Ve/Vb
8.0 GT/s, P§=19+1dB | -35+1dB Boost = 20logyg Velvb
8.0 GTs, P9=19+1dB8 | 0.0dB
8.0 GT/s, P10=1.9+1dB Test Max Boost
Limit
15 13-DEC-2013 mnix.
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Testing Challenges in Tx

= Meet the requirements for effective testing

\' Compliance mode support, proper patterns and toggling mechanism

\' Correct Tx equalization settings and preset and Lane ID encoding in Tx

compliance pattern

v The answer is test automation, RF switch

Measurement algorithms

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

' Implemented in SigTest, or scope specific software

\' Length and number of waveforms (for Tx)

16 13-DEC-2013

How to achieve required confidence level and beyond?




Introducing the NEW Opt PCE3

= TekExpress Automation for Tx Compliance with unique features

including: ;
\ Sets up the Scope and o
DUT for testing Jaaurs
R
\ Toggles thru and verifies i S e o s
the different Presets and e
Bit Rates i i (Mecnesin il Sty

IV 25681 Sewp.
[/56bs W/ 35dB |/ 6d8

\ Tests multiple slots and

— Selected Presets for Signal Quality
[Fucos QB el s sy pon e et
e e ke

lanes e s
* Full Swing ¥ + CrosaTak (Imedesved)
\ Acquires the data oy S o i
(Ll - [/ Autamaten DUT Canirol G
\ Processed with PCI-SIG Lt G e :
. LOLOILOTLIILYS 'VD"'D‘ me if Signal Check Fails
SigTest {2 Perorn PaersDecotea
\ Provides custom
reporting
17 13-DEC-2013 .n l - .

I What’s New in Option PCE3 Release 27

= Supports a faster, Python-based sequencer
— Much faster program launch with the test time reduced by ~50%
— 64-bit only application (requires 70K C/D oscilloscopes with Win7 64-bit)
—  Will maintain earlier 32-bit release for 70K A/B oscilloscopes with WinXP 32-bit on www.tek.com
— Smaller installer
= SigTest.exe (Command-Line) integration
— Supports PCI-SIG recommended SigTest.exe testing
— User can switch between DLL and Command-Line (.exe) modes
— All result are populated in Tektronix result/report format in command line mode
= Support multiple versions of SigTest
— User option to select required version and run
= Broader AWG/AFG support for automatic DUT toggle (Min 2ch & 100MHz Burst mode)
AFG3252/C
AWG5002B/C, AWG5012B/C, AWG5014B/C
AWG7082B/C, AWG7122B/C
AWG70001A/2A
= Incorporates customer & field feedback
— Crosstalk option is added
— Gen2 System-Board limit issue fixed
— Addresses 6 customer-reported issues & ~30 PCle Workshop-reported issues

18 13-DEC-2013 mly- .




I Automation Simplifies Tx Testing

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

= lterate 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

1 13-DEC-2013 Tekitronix:
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I Automated DUT Control

Oscilloscope

CLB
with
toggle
switch

Ref Clk

System Board / Mother Board with Multiple Slots

L S Tekironix:
rd




Add-In Card Test Fixture

= Compliance Base Board (CBB)
— Used for Testing Add-In cards
All Tx / Rx Lanes are routed to SMP
— Compliance Mode Toggle Switch
— Low Jitter Clean Reference Clock
— Separate CBB for Gen 1/2/3

Compliance Base Board (CBB)

Add-In
Card

Data

CBB with Multiple Slots of different widths and toggle switch
& 13DEC-2013 Tektromix:
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CBB3 Config for Automatic & Manual DUT Control

GPIB

Oscilloscope ]
AFGOr -
ANG T
| |owz [ rcureo 1 o

SMA D SMA—~ BB (Risar) —= g ™ NG in SHA
1 N Adaglers
DUT (ADO-N CARD) =™ 5/
S SUP | N
Rt nge £ ebes N |
5 Y | AP
1 Metar

t
el Do o s L]
With Automated DUT control (AFG) P& e ss= A

Oscilloscope

€8BI Fiser) —= " axiaeo

4| DUT{ADD-IN CARD) NES
R
EIRES ‘ .
SMAAD-SMA—= SME-D-SMP g
1 Meter FRight-trgle 4 nches. . [=—— SMP.io-SMP
1 Right-Angl 12 nches
Power
Sy = P ot
| Pt

b ]
Manual DUT control (without AFG) co8 (k) o Dvcen e s =]
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Refer to “PCle 3.0 Compliance Base Board (CBB3.0) Test Fixture User's Document™, www.pcisig.com




System Test Fixtures

= Compliance Load Board (CLB)

— Used for testing System Boards
All Tx / Rx Lanes and Ref Clk routed to SMP
Compliance Mode Toggle Switch
— Various types of Edge Connectors to support
different types of Slots on System Boards
Separate CLB’s for Gen1/2/3

Compliance Load Board (CLB)

Data with
toggle
switch

Ref Clk

System Board / Mother Board with Multiple Slots
23 13-DEC-2013 mnix-
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x1/x16 CLB3 Config for Automatic & Manual DUT Control

CLB3 x1/x16 Usage Diagram with Manuzal DUT conlral {without AFGIAWG) CLB3 x1ix16 Usage Diagram with Aulomated DUT conrol (AFGIAWG)
o)

Osciliscope Oscilloscaps — )

AFGor
ANG

an

ks B
e

S
et

J L or o
= Yo Tl —— . . Ta
A CadEdgel | — Back ¥ Card Edgel [ — X1 Card Edge

Reter to PCle Compliance Load Board (CLB3.0) Test Fixture User's Document”, wiww. poisig.com Refer to *PCle Complance Load Board (CLB3.0) Test Fixture User's Document”, www.pcisig.com
2 13-DEC-2013 Tekironix:

rd




x4/x8 CLB3 Config for Automatic & Manual DUT Control

CLB3 x4/x8 Usage Diagram with Manual DUT control fwithout AFGIAWG) CLB3 xdi  Automated DUT

gﬂmmonmm

’Dﬁ IESEE
ool

e
OOB0  ewwl

ara
Wum 3 paan miE
N1 ] asermen 3 01 0 6
‘I—‘ e &nn ﬂ_l_Lﬂ__ i H_nn
Back ¥4 Card Edge| ™ ’II*F—' L U —Jwca Edge Front Back 4 Card Edge [ | L i ‘MCadEdgE Front
Rer to PCle Comgiisnce Load Board (CLB3 0) Test Fixure User's Document, wm peisg com Refer o FCle Compliancs Losd Board (CLEA3 0) Test Fiturs Usar's Document’ ww prisig com
B repRew Tekironix
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TekExpress Automation for Tx Compliance - Setup

@  scthumber 01

ersion Specificabon Device Type
|cem || Add-le-Card | ¥ |

Weths [asee [V eos

Selectod Proasts for Sigaal Quality
[/ os - £0PULNGRONPS PUSISROTA PP,

For the Presat Tasts g0 f2 "Taat Selection
Voltage Swing s5C Cross Talk
(=) Full $mig [N (o CromsTalk (insrlanved)
() Reduced Swing ) o  Men CrossTalk (Non Interieaved)

Link Width

ey
T Prompt me if Signal Check Fads | ¥ |

| Parform Patiarn Decoding
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PCle : System Board : Gend . 3.0 : CEM

D Caomee) (somctat)

Bl 25Gops
-] 5Goos
] #Gops
|-[=] Lnit interval
(] Mask Hits(all Bis)
o] compasit Eye Hesght
|-z Transition Eve Diagram
|f#] Mon Transien Eye Diagram
[sr] min Eye wiicmn
({1 Min Time Between Crossovers
HeA i@ ez
[] Bi_d
] RRus)
{or] Proak 1 Paaic Jinar

Tst Description

TekExpress Automation for Tx Compliance — Test

(=) Laned

Unit Interval [T

High Limit
Low Limit

o] Mask His(All Bits) Mask His

8Gbps POT

K Pass
4 Pass

BGbps POT @ Pass

Compasil By 8Gbps POT
Husight
Min Transiion 8Gbps POV

. Compasil Epe

" Huight

Transition Eye

Diagram EEye Height

o] Transition Eye Min Transition 8Gbps POT

Diagram Vodtage

_ Transition By Max

" Dingram Transition

_ Transition Eye  Min Transilion AGbps POT

" Diagram Top Margin

|+ Transition Eye Min Transiion 8Gbps PO7
iagram Bottom Margin

(3 Transition Eye Transition Eye 0Gbps POT
Diagram

& Pass

= Informative

@ pass 01264 mV

AGbps POT & Pass 04288 mV

& Pass 0.0258 mV

G Py S0IMmY

0.0000 hits
Mask Hits & Pass

Hon Transition Eye Min Non
=) Diagram Transition Eyi:
Height
Hon Transition Eye Min Non
Diaaram A in

Abps POT
Informative:

AGbps POT DA2T4mV

1057889 mV

1072269 mv

1123181 mV

TekExpress Automation for Tx Compliance — Reports

hits

mV
NA

L: 5808736
my
H: 599.8711

my
L:0.0258
mV

H 00314
my

H: 0.0000
hits
HA




TekExpress Automation for Tx Compliance — Reports

Tnklmn/ix- TekExpress PCI Express

Add-In-Card Test Report

[Dinto Tirme - 2013-06-10 17 78 45
|Dervice Type - PCie

|[TekEnpross Vorsion : FCI Express 2 0 0 66 (Beta_Buid) Framewerk 30.0.18_Ren0 [Py
Spoc Version - Gand -3 0

SigTost Varsion : 3 3 0

Slot Numbaer : 01

Orvorall Execution Time : 00321
[Ovarall Tost Rosult : Pass

[oUT Commeni :LurTzar

Back To Summary Tatle
Eiack To Suscnacy Tatls

29 13-DEC-2013

PCle Decoder (Opt SR-PCle) =

= Decodes and displays PCle data using
characters and names that are familiar
from the standard, such as:
- SKP
— Electrical Idle
— EIEOS

= 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

= |ntegrated search with marks

= Triggering up to 6.25Gbs (Gen1 &
Gen2 only)

30 13-DEC-2013




PCle Decoder (Opt SR-PCle)

Decoding of PCle Gen3 compliance pattern Tx preset encoding

Decode results
show correct
value of “87h” or
“1000b” (as shown
in Results Table)
for Transmitter
Preset P8 (-3.5dB
de-emphasis with
+3.5dB preshoot)

on Lane 0
RLAD.0M
ber 19,2003 1
Index Sart Time Cwdered Set Fate Type Symbal Chasseter Symbol Charscter KCose Data (hex) Data jhinary] Descrambied (hex) O
104 260 Control 1010 1010 55%h 01010101k --~ -
Control 1010 1010 35%h 010202016
55h 010101016
55h 01010101 ==n
14, 26n Control 1010 1010 55h 01000101k ---
—_— Pt - 15.2n control 1110 0001 87h 100001116/ -~
O PR 16260 Control GO0 00O 00h  COO000G0b ]
-
31 13-DEC-2013 Reference: PCI Express Base Spec, Rev 3.0 (10-NOV-2010), Section 4.2.3.2 Encoding of Presets, p.225. ml-w

RF Switch and Auto Toggling

= Use RF switch to handle multiple lanes without reconnections
\ Must provide termination to maintain compliance mode
\ 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

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

2 13-DEC-2013 Tekitronix-
rd




IPCI Express Tx Test with RF Switch

Digital Oscilloscope

GPIB Cable

g
& C
&
Relay 1 Relay 2 Relay 3 Relay 4
DUt | Llane0
T
| Lanei
fat J
T
- | Lene2
A= I [
1" Lane3 (
1= Il
+
33 13-DEC-2013 Tekironix:
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I Cable and RF Switch De-embed

DUTID DUTOG! (B  siotMumber 01
= Acquire live waveforms | Use pre-fecorded wavefom files

Siglest Mode | User Defined | ¥
Device Type.

sl Speicanon. T T
[Gen3-30 [w| {cEM [¥] |System-Boarg | ¥ |

Cable_de-embed.fit ( Browse

3‘ 13-DEC-2013 Tekitronix-
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I Comparison of De-embedding: Add-In Card

SigTest Measurement

Switch & extra
cable effects

Switch and cable
effects present

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 7.77%
Min Non-transition Eye 0.115V 0.109V 5.50%
Height
%5 1aDEC201 Toktronjx:
I Comparison of De-embedding: System
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 0.129Vv 2.33%
Min Transition Eye Height 0.165V 0.152V 8.55%
Min Non-transition Eye Height 0.141V 0.134V 5.22%

36 13-DEC-2013




Testing Beyond Compliance

37

What happens if a measurement fails
Compliance ?

Could it be the channel?
— Measurements can be taken before the channel to
evaluate results

— Different channel models can be created using
SDLA Visualizer

How does the optimized RX setting compare to
other settings?
—  Easily compare the results of multiple Equalization
settings

Does deeper analysis of the waveform need to be
done?
—  PCle specific measurements can be taken in
Tektronix’ measurement system DPOJET
— Determine if data dependent, uncorrelated or pulse
width jitter is in spec
— Measurements filters and settings can be adjusted
to get to root cause, but remember you must pass
SigTest to be certified for compliance

Is the TX compliant?
— NEW PCle 3.0 base spec measurements are
available to verify Tx compliance

13-DEC-2013

Source

Rate (Ghis)

E

—
(i

CTLE

Adc

fz (GHz)
Ip1 (GHz)
02 (GHz)

38
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PCle Gen3 Rx Solutions

I Essentials of Rx Testing

40

PCle 3.0 introduced formal Rx testing

Based on stress testing of the DUT in loopback
— 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)

13-DEC-2013 Tekironix:
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Testing Challenges in Rx

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

= How to achieve required confidence level and beyond?
\' Length of test (Rx)

“ 13-DEC-2013 Tekitronix:
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Basic Receiver Testing

3' At the simplest level, receiver
testing is composed of:

1.Send impaired signal to the
receiver under test

1 2.The receiver decides whether the
. incoming bits are a one or a zero
Pattern Generator
with Stress 3.The chip loops back the bit
stream to the transmitter
Error Counter i ?HThg tr:ansmlt.ter sends out exactly
J 5 e bits it received
k 5.An error counter compares the

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

42 13-DEC-2013 Tekironix:
rd




" PCle 3.0 Stress Recipe

Tx Eg
1 EH adjust

n |
+| L Calibration |+
T "L hannel f———t| Channal

] P4 TPS

4 Post processing scripts:
Rj 5 = Rx pkg model
Source || Source . Bleﬂ:amal ETLEA‘DFE
+ Bahavioral C
EW adjust PP

EH between 25 and 35 mVPP
EW =030 U
Both at 10- BER

Figure 4-73: Layout for Calibrating the Stressed Jitter Eve
TxEg -20 4B, -12 9B, -2.5dB IL al 4 GHz
A
. N

R S YU
8 Gb PRBS Combingr [F—L| Catibration ——+( Repiica W Test
T Channel f——— Channel .-;—‘Equlpmun:

43

i i {
TP1 TP4 TP TPZ ||||
Post procassing scripts:
* Rx pky model
Source « Behavioral CTLEDFE
+ Behavioral COR

| TP2P
T

EH: depends on G|ib!gl.l0ﬂ channel

*From PCI Express Base Spec EH adjust gggg;a_?g;;;‘ﬂ- ul

a3
Figure 4-T1: Serup for Calibrating the Stressed Voltage Eve

PCI-SIG Developers Conference 43

Test Setup and Results

Optimized TxEq 100 MHz Refclk

Braakout H [~ | BER = 1012
Channal — |~

Recewer
Under Test

I Calieation

Generator Channal 1

Rj S
Source | | Source
Dt ™
Interfarence | | Interference

T

Aoszz
Figure 472 Layout for Stressed Voltage Testing of Recciver
0.03 MHz Sj Sweep Range 100 MHz
2z 10Ul 20 dB
el Decade
&= s
F@ 01Ul
Ri
~3.0ps RMS
L :

f
001MHz 0.1MHz 10MHz 10MHz 100 MHz 1000 MHz
*From PCI Express Base Spec A0a

Figure 4-74: Swept 8] Mask

PCI-SIG Developers Conference m




I Stress Composition

Tx Eq

o e o 1
8G PRBS | Cal. T—. 1St
Gen > Channel Equipmen

. Post-
I B S | = 1| processing
= Diff o o
Iez wa | Interferenc InterferencJ
i = : ye Height

Adjust

® 13DEC2018 Tekironix:
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I Components of a PCle3 Receiver Test Solution

= BERTScope C Model

— PG, stressed eye sources, ED A l L]
= New! DPP125C Option ECM sl -
— Eye opener, Clock doubler/Multiplier i ; st St ‘
= New! BSAITS125 ’—‘ "i _""..
— CM/DM interference & & (¢
— ISI for Gen2 & Gen3 rE. -

— Option EXP for variable ISI
= New! CR125A Opt PCIE8G
— PLL analysis for Gen1/2/3
= New! BSAPCI3 SW
— Auto calibration, Link training, and test
= Cables, adapters, compliance boards
= DSA/DPO/MSOT70K Series Oscilloscope
— Stressed Eye Calibration

46 13-DEC-2013




I DPP125C with Option ECM

— - —
= Integrated reference clock multiplication to PCle compliant 2.5 GHz, 5

GHz, and 8 GHz.

= Integrated eye opener functionality for testing DUTs with long
channels.

= New microcontroller to provide more processing power.

= RS-232 interface enhancement to speed-up PCle receiver
equalization link training.

= SW to accommodate channel de-embedding and ISl fine adjustments.

47 1eDEG201 'Ihktrony:

I BSAITS125 Interference Test Set

..........

= Programmable, variable IS for automated testing and precision
setting

= Built-in compliant PCle2 and PCle3 Medium and Long ISI channels
= Integrated PCle3 CM and DM interference combiner
= [Integrated PCle3 Base Spec CM interference calibration

= Continuously Variable, Expanded ISl for automated testing of multiple
standards with Option EXP

4 19DECG201 'Ihktron)x




I CR125A Opt PCIE8G

= PLL Loop BW Analysis for Gen1/2/3

= Uses CR125A and Test SW
— Similar to Gen1/2 PLL Loop BW solution

49 13-DEC-2013

I Typical PCle3 Rx Test Configuration

1l
11
I:f
|1
Y

Interference
Insertion
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I 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.

....................

51 13-DEC-2013 mlw- .

I Automated Link Equalization
- / State diagram from PCle

\ Gen3 specification
| — Implemented in Tektronix

PCle Rx test hardware and
automation software

[} T
i i /
1 .

Figuer 823 Main Sesne Diagrans for Link Trainng and Stams Sease Machine

Configure Loopback.

Baec | Advarced | Bockiog

) s Lk Epaslzation

= Set-up for loopback
initiation with automated
link equalization
— Step 1: select “use link eq.’
— Step 2: initiate loopback

b TR [ —
Lane # 0 Frm'mcd @

m| e Deemphass | G005 g

Find Safe Sampling Pork Presetpae PO v

e 2
TR bt > Cancal
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I Automated Link Equalization

= Loopback results: automation software provides complete
equalization request log
" Initiate Loopback i Initiate Loopback
= DUT 1 makes many = DUT 2 requests only one
equalization setting equalization preset
requests
53 13-DEC-2013 Ihk‘ l nl-w

I 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

1 L 10 Receiver Teting, LILIZS [E=mjEoR =]
. | stast Connect
o
1. Conrect b0 Eaicns
- -
BCRTSops Address 127,19 7.5 [

@""‘ Seope Address 120,196 90.19 [ misconnnct

Calibrations Sigtest Server Adehess [115.196.97.17 | omcoremes
o oer

Aaterigh connection Lo Sagtest Servar o LZR1%.37. 194006
2 cwnmtad to:
" Amplitudes

o stressediye

(’muﬂ ’ 2. Dowrkscnd Pilbers: Filos by BERTScoger

' DR Test Fies [ Loogback = Coweiiad
4 T Testing Gen 3 -
s | 5 Callbestion i | Sheckal |

¥ Eyebwight Cal r
WER Test ¥ ) Calbration - S
[Cesceooons | oremoione || meer|lscopemsoreomc|| saet3za
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I Automated Tx equalization 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

Configure BER Sweep
| b st ooz @ !

= Select test matrix lm— Ox On B He Be BHe He Ee B

resolution e e L
i oo o8 i.r 28 EE) l.tl 60| 1.5
i 0.8 0008 ?80.9 t.;IO !.f]! !.f!] E3LE iél.') Sj
= Click on equalization T
combinations desired for o e e
test 3
= |nitiate test T =
B
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I Automated Equalization Sweep testing

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

R T

Preshoot and
de-emphasis
L~ setting

Green =

Equivalent
— | preset
number

BER result
for each
combination
of preshoot
and de-
emphasis
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I Automatic Calibration

is not sufficient

of stress

= Stress must be measured and adjusted

» Due to complex test setup and variations in DUTs and test
equipment just dialing up the settings on the signal source

= Automatic calibration is used to achieve the right amount

= Margin testing complements the compliance testing
— Help understand your device’s margins.
— How much additional stress does it tolerate?

57 13-DEC-2013 m‘?
I Stressed Eye Calibration Setup
» Three required calibrations are fully automated
i PCle 30 RecewerTestmg,w/ - ‘7@
(=)= =]

7 o] EVE Calibration
fj Preferences =
Osurtconnect/

e

JDPF

J Amplitudes

J Stressed Eye

p Preset Test
b BER Test

View Test Results

|| BER Test

Cabling Diagram

oen3ceBR

-
- <
q -

| .
12 S < ToRT: a0

+ [
—
P W oo e

’ [ <gade [ Mext> ][ cance

v i
i
[ meesc || mooer [ mo | noscope || mosighst |
r 4
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» Detailed cabling diagrams are provided for each calibration step




S| Combiner

Amplitude Calibration Configuration

+=
N

out
— -

SIIN

A

- ey
= =) - @)
@+ 5+ @/
&
1 2 . FAW/ER‘\I ERROR
in. | ceeraror| JoerecTon
=)

Sl Out (Rear)
rﬂ
(w)

To RT Scope for Calibration

/r\

\

= 4) 2/

@

\' @ @ [% [@+ &
Dug-la\ Pre Emphas\s

&= e~
Eye Opener
I

12in.

Reference Clock Multiplier

. 1 T
[[ = l > ‘J\i) ‘Il nl‘ L
J : —J
Amplitude Calibration Configuration Note: Direction of the signal
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Gen B —=

Eye Height/Width Calibration Connections

. / Host (System)

| 51 Ot

+
— ToRT Seipe tor Calteaton

Gon 31GB8 (R —|

R Lo O
'

B | Gy
I A =
& Combiner ~
. PR L \\ .
. —— !

Add-In Card —>

Equoment Setu for Host (Systes) Eye Heght'Width Caibraton

T

2in | ==

+
51 Ot (Rt}
o | e

[_\- ;.
o (D
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Add-In Card: Receiver Stressed Eye Testing

Gen 3 CBE (Riser) —»|
RX Lane 0 N P

Gen 3 CBB |‘

100 MHz reference clock |
5| Combinar 1
—t + N
n out P o
- - 1.
- -

: L[ REF +OUT
] . .;j: ) (Rear)
[N = =< N
- USB Data

[‘5“1’ [¥?’+ Eq_ [1-—1 cable (Rear)
& > L r—
'

Eye Opaner  Rsfarence Ciock Mulipher

T 17

12in, &

1200 ¥ il prermpris

\
Add-In Card Connection Diagram: Receiver Stressed Eye Testing MNote: Divection of the signal e
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Host (System): Receiver Stressed Eye Testing

Gen3CLB—= X REF CLK
100 MHz Ref Qut) (To
RX Lane 0 P { ) (Tor)

N.

in (Front) X Lene0

k / (Out) (Rear)

Sl Combiner
— =
N out
1 am B \
IT
L

(@)
ATX Power
Supply
~[siout
* | (Rear)
L/
3 Dp [ ['.:1 [::+ -
1200 7 oprtmpress e Oprm b cout i ] ] '
. Mote: Direction of the signal
-
Equipment (Host) Connection Diagram: Receiver Stressed Eve Tesling [
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Rx Testing Summary

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

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

— Similar stress signals

— Guided calibration and test execution

— 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

13-DEC-2013 'Ihktrony:

I Tx PLL Loop Bandwidth & Peaking

64

2.5 GT/s 5GT/s?t 8 GT/s
Loop Bandwidth 1.5-22 8-16 5-16 2-4 4-5
(MHz)
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
4.3.3.12. T PLL and g
Excerpt from 4.3.3.12.1. 2.5 GT/s and 5.0 GT/s Tx PLL Bandwidth and Peaking
PCle Base PLLD,
Specification D
3.0 detailing
Tx PLL
requirements
4.3.3.12.2. 8.0 GT/s Tx PLL Bandwidth and Peaking
The T
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I Effective Instrument for PLL Testing

= For PLL testing use a setup that requires single
instrument

= The method is based on modulating the 100MHz
reference clock and measuring the bandwidth with clock
recovery unit.

= The limits for bandwidth are 2-4MHz with 2dB peaking
— If BW 4-5MHz, peaking must remain under 1dB

65 13-DEC-2013 m?.

I PLL Testing with CRU
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PLL Testing with CRU - Setup

AUX DDS OUT
CR286A (Rear)

RX LANEO

CBB3 (Riser) M

CR286A (Front)

REF CLK/

CMTS Pulse button BRD REFCLK or Extemal '
REFCLK Switch Note: Direction of the signal [::ﬂ
ousote
67 13-DEC-2013 A CBB2 can be used instead where the PCle 2.0 compliance toggle circuit creates a 1ms duration pulse of a 100

MHz refclk directly into the RX0 lane of the DUT to generate the stimulus to switch signal speed and/or de-emphasis m .
levels, without the need for the two (2) 12" orange cables shown in the CBB3 diagram above.

Beyond Compliance: BERTScope Analysis Tools

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

= Analysis tools are full featured and easy to use

= Frees up the scope for other
tasks

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

= Debug challenging signal
integrity problems

Height Jitter = Error Location Analysis

Tol
ooanee = Pattern Capture
Jitter ——

= Jitter Map

Jitter
Decomposition = BER Contour

B = =
Correlation :
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PCle 3.0 Protocol Solutions

Supplemental




Testing Challenges with PCI Express 3.0

PCle Device A PCle Device B
Device Core Device Core
] '

PCle Core PCle Core
HW/SW HW/SW
Interface Interface

v t v t
Transaction Layer Transaction Layer
} t ' t
Data Link Layer Data Link Layer
' t ' t
Physical Layer Physical Layer
Tx Rx Tx Rx
7 13-DEC-2013

Transaction Layer
— Creates Request/Completion
Transactions
- Messaging
TLP Flow Control
Data Link Layer
Flow control information
-  Data Integrity, Error
Checking/Correction
—  Calculates/Check TLP Sequence
Number
Physﬂy&hlmafyewmfbglcal Sub Block
Link Initialization and Training
— Distribution of packet information over multiple
lanes

- Power management and link power state
transitions

Logic Protocol Analyzer for PCI Express
TLA7SAOQO0 Series supporting PCle Gen 1 through Gen 3, Protocol through Physical layer

72 13-DEC-2013

~Ed

= Information Density for Rapid Analysis
— Transaction Window with BEV Flow control
— Summary Profile Window
— Lane-by-Lane decode with Listing Window

= Shortened Time to Confidence
— Front panel status LEDs
— Auto Configure capability

= Powerful Triggering and Filtering
— Trigger on Events from Physical to Protocol
— Real-time Filtering

= Recognized Probing Leadership

— Probe anywhere on the bus using OpenEYE
technology

— Flexible probing solutions including legacy
probe support

— ScopePHY provides PHY layer access to
oscilloscope through LPA probes

— Link Tracking including superior ASPM
support with FastSYNC

= Multi Bus visibility for system level debug
— Support multiple PCle links used in switch or
bridge applications
— Cross Bus correlation/triggering
DDR, QPI, DMI, PCle & others

= Accelerated Time to Actionable Information
— <20 mins from setup to ready for Acquisition
— Immediate visibility of data at any depth
— HW Accelerated search and data displays




PCI Express Protocol Test Solution

Software Modules

_ = Module setup & trigger = 85 25GTs

= x8&x4
= 8 State Triggering

=== = _ = PCle decoders

= Data windows:
T — Summary Profile

— Transaction with BEV = 8 GB memory

| —m | Flow control — 16 GB for x16
| - Listing = OpenEYE
| - Waveform

= FastSYNC

Probes

= x8 & x4 midbus

= x16, x8, x4, x1 slot
interposers with Lane
Converters

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

=  Solder-down probe
wnp = 6 module benchtop

with GbE controller
(requires PC)

= Gen2 probes for x8 & x4
midbus footprints rated

B to 5 GTs
; +  Single GUI & frame
= All probes rated to 8 for system level
GTs debug of multi-buses
7 1apEC01 = 6 probe cables o Toktronix:
= ScopePHY pd

Time to Actionable Information

o = Anquire
= Canfigure N = Analyze
- Calibrate * Review . Explgre
. SHmNEY
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Startup

Configure and Calibrate your system

= On start up of new system,
LPA application displays
module Setup screen by e
default — EE = ==

ki
Ty

= Signal integrity and link health | =

issues are immediately e
apparent from onscreen s
indicators

= Calibration results are
remembered for module/probe
sets from one session to

another -
75 13-DEC-2013 - m&
Validate
Acquire and Review Summary e

= Automatic display of [ P ] i
. . e fow Vew Dws Spstem look Windew Help ;
Transaction Window CL O L I e o e gl
. . . . S'H Analysis iVenfy 4y, Define Compare
with Listing Window D] TSIk | el bomnram
. . % e (A AT B P e Sewin S (B R R g | L aawiy £ Thesshol 1T
= Errors with timestamps - Weunort = 1o Do = = e & - Ot | Curer 27 -1 67400
- to - S— £ [t o [ o [ur e

and link direction

= Expanded Training sets
with all of the TS data

= Default columns in
Listing window

90:014:1, BM_astiv
_activ
000:014:174] + | Lirstream | P _active

090:014: 14 # | Upstream | PH_tetive
000:014:230) & | Uipstream | P _tetive

PH_fative,
oae-a14:254 [ E_tativ,

+] B_acti
Do6:314:288  + | Usstremn | _setive

090:014:308] + | Upstream | PH_tetive
0002014335 & | Uinstream | PM_tetive
76 13-DEC-2013 D14 PH_Active,




I Debug
Analyze / Explore - Visibility across entire acauisition

= Flow Control analysis
shows buffer overflows
across entire acquisition

= Summary statistics
hyperlink to 1%t instance of
credit value

= Allow user defined
combination of credits:

— All credits can be
individually selected or
combined with any other
credits

— Up and Down directions
can be separated or
combined

— Multiple links can be
combined or isolated

—JL_
7 IeDEC201 'Ihktrony:

Supasy e Moy

— v —— 0 30

I Comprehensive PCI Express Solution

Component Level Testing
System Level Debug
HW/SW Integration
Characterization
Compliance

e 1eDEC201 Tekitronix:
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PCI Express 3.0 Trends and Implications

82

PCI >

EXPRESS’

13-DEC-2013

Industry/Technology Trends

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

Probing access at the silicon transmitter pins is
typically not available

Receiver equalization can only compensate for
channel loss

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

Energy efficiency (Lower mW/Gb/s)

Implications

Link Analysis, de-embedding, embedding and RX
equalization is required post process

Closed data eyes requiring new techniques for
transmitter and receiver equalization

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

New Jitter Separation Measurements are required
Back channel negotiation to equalize the receiver

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

'Ibkn'nn/ix




PCI Express Architecture & Terminology

PCle Device A PCle Device B
Device Core Device Core
’ ' Memory
PCle Core PCle Core
HW/SW HW/SW
Interface Interface
Transaction Layer Transaction Layer PCIe. PCle
! N i n Endpoint Bridge
Data Link Layer Data Link Layer $
' t v 1 PCle Non-PCle
Physical Layer Physical Layer Switch Endpoint
Tx Rx Tx Rx \
5 SN
X O
6>)o, [$2 & QO\
'OO ,Q % (\b
K3 PCle
Link Width  # Lanes # Differential Pairs # Wires Endeint
x1 1 2 4
x4 4 8 16
x8 8 16 32 Root Complex = Head or root of the connection of the I/O system to the CPU & memory
x16 16 32 64 Endpoint = Device that can request/complete PCle transactions for itself
) y . . Switch = Device used to fan out a PCle hierarchy
Lane = Two (2) differential pairs (4 wires): one Tx & one Rx Bridge = Device that has one PCle port and one or multiple non-PCle endpoints
Link = Connection between two ports & their interconnecting lanes
83 13-DEC-2013 Tekironix:
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Base Specification vs. CEM Test Philosophies

= CEM Testing is primarily focused on Compliance
— Ensure Interoperability of Systems (Root Complex) and Add-In Cards
(Endpoints)
— Pass/Fail
— Margin Testing mainly to verify manufacturability

= Base Specification Testing is generally focused on Characterization
— Verify chip performance across a wide range of operating conditions
— Voltage, Temperature, Eye Height, Eye Width, Equalization, etc.
— Margining is Key
— Increase OEM'’s latitude in choice of backplane material and PCB layout
— Reduce system power requirements and thermal footprint

NOTE: PHY Test Specification for PCle 3 is analogous to CEM Specifications from previous
generations of PCle

84 1SDEC201 Tekitronix-
rd




PCI Express Base Specification Measurements

Jitter and Eye Diagram Analysis Tools

Standard  PCI Express 3.0 v

APLE T 30 BascMoas FS @

VINNOEQ  ps21TX  T-TR-UDJOD

T-THUPW.

DJDD
=
T-THUPW.

VIXEEOS  TINDDJ  T-THUTS

= Voltage

= Package Loss

= Transmitter Equalization
= Jitter

g 13DEC201 Tekitronix:
P

Transmitter Equalization Measurements
VTX-BOOST-FS / VTX-BOOST-RS

" What's new for Gen 3.0 Preset Preshoot | De-emphasis
—  De-Emphasis (Va) and pre-shoot (Vc) Number | (dB) (dB)

—  Transmitters must support 11TX equalization pre-sets i 00 0o
P1 0.0 -35+1dB
= The high frequency nature of 8.0 GT/s signaling o 0o 60x1.5d8
makes measurement of single Ul pulse heights 22 321 :2 ”;’5*1 —
impractical due to attenuation by the package and = 352108 [0.15d8
breakout channel B3 19:1d8 |00
—  Amplitude measurements are taken on low frequency P& 25:1dB | 00
waveforms (64 ones/ 64 zeros in the compliance pattern) P2 0o 2521d8
using last few Ul of each half period P2 0o 4421508
P10 0.0 See Nole 2.

— Vaand Vc values are obtained by setting the DUT to a
different preset value where the desired Va or Vc

voltage occurs during the Vb interval. Evesel | Deemphasis (dB] Ereshool (d8)
Humber zug-o VDEI!'\"D |é Zuh!-! VBSIE-\'Q!!

e [ DA A
o —.l =1 2T A
" : =) FiliPd s

P [ Paipe

| Pa EAPR [

¥ peri - aif Vinrsroas P BrPS [

| | [ hea [

gt ||| P Mi& PAIPE
o T I = P3 PaPd A
500 T T T Lo i P2 PP [

1“4 L] ! a2

T EiD El0P4 A
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Transmitter Voltage Measurements
VTX-EIEOS-FS / VTX-EIEOS-RS

= Launch Voltage of Electrical Idle " e e
Exit Ordered Set 0z
[P
= Required to ensure that the RX can ol \ ] Vst |
properly detect an exit from i \ a7l | VrxeEoses
electrical idle 02 ——
= Taken on a pattern of eight ones PP I v N N A
fo”owed by elght ZeI'OS repeated 0500 0933 1375 1813 2250 2688 3125 3563 4.000
128 times included in the [v— Min swing during |50 (min)_|mvPP
compliance pattern e o TR =T
— Taken on the middle five Ul to e
reduce attenuation effects of the
channel
= VTX-EIEOS-FS - Full Swing
Signaling

— Measured by Preset 10

= VTX-EIEOS-RS - Reduced Swing
Signaling
— Measured by Preset 1
87 13-DEC-2013 mn/ix-

Package Loss Measurements
PS21

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

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

= Measured with de-emphasis and pre-shoot set to 0 at the end of
each interval to minimize 1SI and low frequency effects

0.50
|

L —UI 60, 52, 54—

§ 1o
i
Ll

e s s I O O Y B B
0.0 4.8 9.6 14.4 192 240

0.00 ——=— Negative half cycle —s—=1 Pasitive half cycle

- ] CUIS?—&—‘“

=

ps217x = 20log1p 101111}
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I Transmitter Jitter Measurements

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

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

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

Jitter Data Dependent Uncorrelated
Measurements Jitter Jitter
Cause Due to package loss and | Uncorrelated - PLL jitter,
reflections (dynamics in crosstalk, noise conversion
the channel, 1SI) (amplitude to phase)
How to Can be reduced by Difficult to remove (better
Compensate equalization components, layout)
89 13-DEC-2013 mm)n/ix.

Transmitter Jitter Measurements:
Data Dependent Jitter TTX-DDJ

DDJ Measurement Process Trxoos |Data dependent jitter |18 (max)  [ps PP

= Measurement taken on multiple repeats of the compliance pattern
using a 15t order CDR function representing a high pass filter

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

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

= Measurement is defined as the absolute value of DDJ(max) — DDJ(min)

Data from Tx s

Data PDF

DDJ1— — DDJ2— = DDJ3 —ie—

Reoovered | [ L

0 1eDEC2013 Tekitronix-
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Uncorrelated Jitter Example
TTX-UTJ / TTX-UDJDD

1oul

—=1.0 Ul - Treuoson =—

/‘ = 1~ \
/ 1-'&% T

Data Clock } Data clock
crossing crossing

10Ul=Treums
h0E2|

Figure 4-53: Derivation of Ty and Trg

= DDJ is removed from the PDF of each edge
= Datais converted to Q-Scale

= Uncorrelated Deterministic Jitter Dual Dirac (UDJDD)
— Accounts for Periodic Jitter and Crosstalk Convert the PDF to Q-Scale

= Random Jitter is implied by subtracting UDJDD from UTJ
91 13-DEC-2013 mm)n/ixu

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

= Pulse Width Jitter
— Addresses lone bits that are
attenuated the most in lossy

channel and could likely cause bit OU ,,,,,,,,,,,,,,,,,,,, *ﬁ

errors / \‘\

= DDJ is removed to accurately / \
quantify PWJ / \
Q=703+ { i
= Calculate edge-to-edge jitter U T _— i

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

= Final measurements are calculated
by looking at the left hand side of
the PDF curve

2 1eDEC201 Tekitronix-
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De-embedding Considerations

5GHz 10 GHz

= De-embedding amplifies high frequency
noise, thus requiring a bandwidth filter
— This also impacts the required bandwidth for
a RT Scope

— Bandwidth is dependent on board material

= Successful de-embedding starts with good
quality board design and S-Parameter data
— Matched impedance, low loss structures e

— No gain, significant resonances, or large dips /

= Quality of de-embedding 5GHz Filter 10GHz Filter -> Noise amplification
— Eye height
and jitter
— Signal to
Noise
Ratio
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Considerations for Test Equipment Selection

= Test solutions need to go beyond compliance
to enable enable root cause analysis
= Channel Embedding and Receiver equalization
require new solutions that enable
characterizing the optimal settings
= Solutions need to evolve as the test -0
specifications are under development —= T T L & E B
= Tektronix has the solutions you need to begin (=5 _* LER B .__J
your PCle 3.0 testing today - e
— Active participation in industry working groups
enable software updates as the specification
evolves
— PCE3 is not just a compliance solution - spans
multiple tasks from Compliance,
Characterization, and Debug
— Complete tools for channel modeling
(embedding / de-embedding) and receiver
equalization Serial Data and Link Analysis
Software (SDLA
— New DPO/DSA/MSO70000C Series Oscilloscopes
—  Provides lower noise and jitter with 100GS/s acquisition
—  New Compute Platform reduces overall test time

o 1eDEC201 Tekitronix-
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Recommended Bandwidth for PCI Express 3.0

= Balance instrument bandwidth with application requirements
— Noise increases with bandwidth, too much bandwidth reduces the
accuracy and the margin of your measurements
— PCle requires the analysis of signals with amplitudes as low as 34mV for
compliance testing
— Ensure enough bandwidth to capture the high frequency content of the
signal
— Need to consider how the channel effects the harmonic content and rise time
of the signal
— De-embedding requires bandwidth limit to reduce the effect of high frequency
noise amplification
— Flexibility for different tasks
— Characterization and debug vs. compliance

= Recommended bandwidth
— 16 GHz best balance for PCI Express 3.0 Measurements
— Minimum: 12 GHz
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