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Agenda

« Changes in chipsets
* Intro to current/new interfaces

« Commonalties in interconnects
(serial/parallel)

* Tool lifecycle
* PCI Express (including new tools)
* Fully Buffered DIMM (including new tools)
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Computer System Topologies

Mid 90’s Circa 2002
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Intel Based 2005-2007 Based

CPU
(Intel)

1066/1333MT Intel FSB, single ended

Root Complex 4.8-9.6Gb 10 differential "| Fully Buffered DIMM
North Bridge _ _ +
Memory Controller |« 4.8-9.6Gb 14 differential AMB

v 8/16 bit HyperTransport (800MT-2.8GT Data Rate), differential

x16 PCl Express | |x4/x8 PCI Express, 2.5-5.0Gb/s (DMI/EMI), differential
(Graphics)

3Gb/6Gb Serial ATA/Attached SCSI
1394B, 800Mb

South Bridge

USB 2.0, 480Mb

DVs
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CPU+Memory
Controller
(AMD)

AMD Based

2005-2007 Based

4.8-9.6Gb 10 differential

|, 4.8-9.6Gb 14 differential

PCI Express Bridge

v

(Graphics)

South Bridge

Fully Buffered DIMM
+

AMB

16 bit HyperTransport (2GT-2.8GT Data Rate), differential

x16 PCI Express 8/16 bit HyperTransport (800MT-2.8GT Data Rate), differential

3Gb/6Gb Serial ATA/Attached SCSI

1394B, 800Mb

DVs
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Created by Rohit Bhasin

Digital Technologies in the Bay Area

*Serial ATA/Attached SCSI ) _

Fully Buffered DIMM E%EE 5*533

*PCI Express -

“PCI-X 2.0 E— ™ :JC| ;>
ﬂ dvanced T cﬂ

*Hypertransport EXPRESS"
Intel FSB

*DDR /1171

*USB 2.0/Firewire 1394B
*Infiniband 1x, 4x, 12x
*FibreChannel 4Gb/s, 6/8Gb/s, 10Gb/s

10 GiGABIT ETHERMET ALLLANCE

*1Gb/s, XAUI 10Gb/s Ethernet over copper .
-Advanced TCA g |NFINIBAND
*SP1 4.2

*Serial Rapid 1/0

*Digital Video Interface EW H n ml w

*High Definition Multimedia Interface i ——
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Transitions and Commonalities in Interconnect Technology
High Speed Serial

» Differential Signaling

* Embedded Clock, CDR

» Spread Spectrum, EMI Reduction
* Reduced Pin/Signal Count

« Packet Based Transactions
 Improved Quality of Service

High Speed Parallel

» Differential (e.g. FBDIMM, HyperTransport)

 Single Ended (e.g. DDR2, DDR3, Legacy Intel FSB)
* Clk rates increased (multi-gigabit)

* Reduced slot count (e.g. PCI-X, DDR3)

 Improved Quality of Service, ECC

* Reduced Pin/Signal Count

DVs
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Lifecycle Tools for Multi-Gigabit Designs

Design Simulation Devic System
Link to Devices & Prototype Bring-Up System
Model Interconnect Characterization Test Integration
Database  Characterization | & Validation & Functional

Validation

Physical Layer -k Layer

Passive Interconnect Measurements A\(;t';f[e legz_tStlgnz;IElvllqe?rs_ur_emeSts ket
- Impedance, Crosstalk, ... - voitage, Jitter, o VIInE), [FEREiS, oo

Device Characterization Serial/Parallel BERT
& Modeling Services
Pulse Generator

Physical Layer
ADS Test System

Logic Analysis System & Probes

Sampling Scope, jitter capable
SPICE/IBIS

13 GHz Infiniium Real Time Scope

IConnect :
y ?g(r)anellng Eﬁgﬁ,ozreli Robust scope Physical Layer Probing System
R

wi/T
Parametric Fixtures (FBD, PCI-E)



PCl Exoress Validaiion
Vetnodologies
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PCI Express Debug Challenges

Data Flow Through the PCI Express Layers

Software Software

Data Link Data Link

oVs
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PCIl Express Validation Steps

Signal Integrity - Verify the 2.5/5.0 Gb design

Fiie Corfol Sekup Messse Anshies LHilSes  Help

* Eye Measurements -

 Measurement on
parameters (jitter
analysis, mask test, etc.)

» Board and Component Rl
characterization

. BERT —__

' leevel wEEEE- " EEEEN - o0
[IIp— :mals-ww o

= I ¥
e
| B
al

DVs

enabling digital innovation




Serial Data Analysis Toolkit

* Clock recovery and serial data analysis for high-
speed serial data signals

« Masks for PCIl Express, Serial ATA/Attached
SCSI, Fibre Channel, and XAUI

* Real-time eye diagram display
* Time interval error (TIE) jitter measurement

* First-order or second-order PLL clock recovery,

and PCI Express clock recovery (provided by
PCI-SIG)

DVs
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An example using the Serial Data Tool

File Control  Setup  Measure  An : LHiliti Help
Acquizition iz ztopped.
0.0 GSasfz  82.0 kpts

S

s, . % e L LR AL D
T et A L T A AR D
- r i " »
L ie, b
) e, Rl
l;";lh:-\,-:‘f,?f_'
'-."\-‘l_iu-.n.‘: .1.I
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Features and Capabilities

* 8b/10b decoding

* 8b/10b search

« 8b/10b trigger

* Real time eye mask violation unfolding
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8b/10b Decoding

Symbols in the serial data
stream can be decoded
and displayed as hex or
decimal values, or as

CoM+ 44 * COM-

DVs
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Search and trigger

Stop acquisition
when pattern is
found

Display only those acquisitions
where the specified sequence of
symbols is found

berial Setup

v er On Search
|v Stop On Trigger

Decode Standard
PCl Express ﬂ

I Enable Searching

Search Source

Cloze

Symbol 2 D ata Symbal 2 Contral
01234567 89ABCDEF SKEP FTS S0P
Cammmmmnnmnnaaan e
1
: 2IT T I T T T T I TTTTTTT .  Uncheckal PL Kf_ﬁ“' Eﬁ"" Uncheck &l
SpECIfy Up to 4 ST T I I I T I o
e il
) &
symbols in B LI STP  END  EDE
NN N NN [P ENDED
seguence I TTT I T I [T TITITIT
A EEEEEEE NN ™ Irwalid Codes
ATTI I T I T LTI
A EEEEEEEE EEEEEEEE
A EEEEEEEE EEEEEEEE
o
E_
AN Dan't Care

DVS
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Dizplay Format

" Hexadecimal 1+ Label
" Decimal

£ 10Bit

Chanrel 1

Immediately Fallowed By. .

Find395 ThenBE | Then COM | Then SKP |

Help k?




Search Navigation

File  Conirol Set.Jp Measure  Analyze  Utilities  Help 1:03 PM

Navigate to all the instances of the specified
sequence of symbols using the arrow keys

DVs
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Locating mask violations and
failures

Analyze  Utilites  Help 7126 FM

File Control Setup  Measure

The real-time eye
combined with the
PCI Express mask
test indicates there
were multiple
violations. But how
do you gain insight
into the individual
violations by looking
at the composite
eye?

", vd P il
r A r A T .

1]
:[_:‘
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Locating mask violations

atrol Setup Measure  Analyze  Utilities

e

[v Enable Mask Test
kazk Selection

' §

. o Cloze
¥ X
Using the controls, we can e e \aacroe Y®_ Close |
instruct the scope to go to L L <

the first violation in the serial
data stream.

Position Ta First Failure R estore Original Mask|

Ilze the Mavigation Tab ko search for
rmazk failures.

-

baszk Test Options
-

Ilze File Setup
4 When Aligning

[ Aweraging

Feal Time
| 2| _Ee
—
Start/Stop Test Scaling. ..

B> | Autarnask... -

=
<
=l

t:t‘L
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Locating mask violations

File Contol Setup  Measure  Analyze  Ufilities Help 728 P

Acquizition ppad .

=5

Hawigat ing mask fail s

Mazk failure index 7
Humber of failed UL 120

DVs
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PCIl Express Compliance Test Setup
(add-in card

-t tee e B
el T E

D
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PCIl Express TS-1 Compliance Test




PCIl Express Compliance and Validation
Tool Suite

Agilent Automated Test Engine (UNRELEASED SOFTWARE)

File Wiew Help
| | | | | = | | Agilent Automated Test Engine (UNRELEASED SOF TWARE)
Task Flow | Select Tests | Ennfigule' Connectl Hesults' Hl File Wiew Help
Select Tests Task Flow  _| Select Tests I Canfigure | Connect | Resuks | Himl Repar
O Woltage
. =~ © Al PCI Express Tests "~
0 Receiver [Ax] Tests T ) = Selact Al
00O Timing =0 Trans.m|_tter [T] Tests elect
D O Voltage Select Tests EL—" Q_Timing .
Confiaurs SO Addin Card (Tl T HE OO Tw Unitinterval Select
e = D i nCad(TdTests N . O < T Median to Peak Jitter None
E-0o Tmng NI | . OO T Eveswidh
E-[JO Voltage . OO TxFise/Falkime
=[O © Add-in Card [Rx] Tests Canfigure B0 volage
Connect : 0o Tmne T O < T Deemphasized Yaoltage Ratio
E-[JO vakage BB O T« DC Common Mode Yaltage
[—]D © System Board [Te] Tests QNS OO Tw AC Common Mode Yoltage
-0 O Timing ot | OO T Peak Differential Output valtage
Fun Tests Oo votage WP L 0 L O© Te Template Tests
I'_—'ID ) Swystem Board [Rx) Tests =000 Receiver [Ay) Tests
- O Timing FH- © Timing
F-[J © Yoltage O o EEEE
B T=sts =000 Addin Card (T Tests
- & Timing
F-O © Waltage
|:—:||:| 0 Addin Card (A=) Tests T O0Tests
0[] © Timing Selected
O o Woltage Corifigure
-0 System Board (Tx] Tests Tests..
O o Timing
F-O © “oltage TE;:Q
o<1 ) E-O0C System Board [Rx) Tests =
-0 © Timing 7 Wi
I e IO o — Hesults..
L3 AT >
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PCIl Express Compliance Report Showing
Marginal Performance Analysis

Agilent Technologies
Pl Express Compliance Report

Pass Test Name Spec Range

O erall Result:FAIL ( 3 of 35 Tests Failed)
Test Configuration Details

Test Date Jan 27, 2004, 21:04:30
Instrument ID Agilent Technologies,54855A,No Serial, A.03.18,001,EZJ,SDA
Probe ID 1134A
Serial Number Jan 27, 2004, 21:04:30
Calibration Status All Passed

S immary of Results

M. rgin Thresholds
Jarning <=3%

B G <o
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PCIl Express Validation Steps

Signal Integrity - Verify the 2.5/5.0 Gb design

DVs
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New Probe Architectures

1pF
— —
200 fF n—/\/\/g,lzl
. i€ 50Q
+sig < _
— WAV W) zo=soo ) 2w 47:[>
/7 /7
25KQ 1pF
1 i 50Q RF Connector | € N 70 - 500
T T EAAPS| scope
25KQ S S med 500
—AMA——T AN u' Z70=500 ) {{ +
_Sig i 7 /7 %
200 fF
~5mm o ~10cm y Probe Amplifier _ 1 Probe Cable

A
A
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Making Good Connections (Gen 1)
Flexibility Probe Systems

» Browser probe head
» Solder-in probe head
» Socketed probe head
* SMA probe head

+ Differential and single-ended
Probing in confined spaces

10 cm solder-in probe head 10 cm socketed probe head Differential browsing probe head

DVs
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Browser Probe

Characteristics:
« 6 GHz BW

» Most versatile for hand-held probing

« Z-Axis compression enhances
connection

« Adjustable tip spans

* Ergonomic sleeve

* Replaceable damping resistor tips

» Can be used with probe stand holder

DVs
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Solder-in Probe (Gen 1)

Characteristics:

8 GHz BW
» Use for high bandwidth connection
« Least space requirement
« Replaceable damping resistors (8 mil)

DVs
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Socketed Probe

Characteristics:
« 7 GHz BW

« Semi-permanent attachment
 Move between multiple test points

« Adapter for standard headers

« Standard axial lead resistors (20 mil)

« Same resistors support Logic Analyzer
Flying Lead Set

DVs
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Differential SMA Probe
- \ Rp—

I'\'ﬁ;'-.‘-

Characteristics:
50-Ohm Input Impedance

7 GHz BW

Span-adjustable semi-rigid coax

High common-mode rejection

Cable loss compensation

Cost effective adapter for existing probe amp
Can apply DC offset bias

DVs
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12 Ghz Active Probes (Gen 2)

Probe Amplifiers
Specified Bandwidth 12 GHz s ) v
[Characterized Probe Tips Yes swomer T uliatis
Noise Referred to Input | 2.5 mV rms
Attenuation 3.45:1 Offers excellent
Diff Dynamic Range 3.3V p-p bandwidth, characterized
DC Offset Range +-16 V performance for various
probe tips, low noise, low
Maximum Voltage +-30V attenuation, good dynamic

range and small size

o

12 GHz Differential SMA

. Adapter Probe Head
= 12 GHz Differential Solder-in Probe Head: 210 fF

input capacitance, 50 kOhm input resistance, 4” reach, 2 mm probe
head size at taper, 0.2-3.3 mm lead span

- 12 GHz Differential Browser:
. B . 210 fF input C, 50 kOhm input R, 0.2-3.3 mm lead span

DVS
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» Logic Layer PCI-E probing
« DLLP and TLP debug
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Tools for PCIl-Express Logic Layer debug

Configtos

Soffare

liransaction
Data Link

Physical

Mechanical
enabling digital innovat ion DVU TN




PCIl Express Packet Analysis Probe

oVs
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Digital Validation for PCI Express PCIZ>
- Logic Analysis Value Proposition EXPRESS

* Probing
— Non Intrusive passive observation of data flow
— Validation of Add-in Cards Chip-to-Chip Architectures
« Packet Analysis and Display
— Dedicated Packet Triggering in LA
— Dedicated FPGA Hardware Pattern Recognizers in Probe
— Software Decode Tool runs on LA
* Full System Validation
— Cross-Bus Analysis (Time Correlated)
— Cross-triggering correlation between scope and analyzer

DVs
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Logic Analysis POl >
PCI Express Connectlon

EXPRESS

DVs
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PCI Express Packet Analysis Probe ~ PCIZ>
Slot Interposer Solution

EXPRESS

Packet Analysis Probe

19" x 12" x 1.5 Form
Factor (1U thick)

DVs
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|
WCI %Less HLacket Anaflx/sis Probe

\m us Footprint Solution




- ion i PCI>>
Connect: Low Intrusion is a must =~

« Types of connection
— Chip-to-Chip Link — PCI Express FOOTPRINT
(Soft Touch TECHNOLOGY)

— Card Edge
» Slot connector/interposer

_ii!-";'n.n:|i=_;-";=“=“”'=

DVs
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Midbus Probe 10D
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Mid-Bus Footprint Routing Ex%'qéfs

DS

Top Layer Routing ‘ Inner Layer Routing
O © O// O o O
» o N =
» —em=r— D1
D3 N |
o« T D2 =
D5 = ey
D6 =%= j3
07 = e—
=N <

D10
D11
D12

4

D13
D14

D15 e ]

|

i

D14 —
o ol 915
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Mid-Bus Connector Layout E&Lﬁfs

one direction of x16: other direction of x16: both directions of x8:
0 0 0
o 1 1 0
Additional , , .
x16 5 5 2|
6 6 3
LayOULS mmmp |7 | T o |
Supported ° ° ‘.
11 11 5
12 12 6
13 13 6
14 14 7
15 15 7
both direction of 2 x4: both direction of 2 x2: both direction of 2 x1: . .
N N N -Sllgnal Pair )
. 1 1 ne Polarity can be
Additional ", " ZH - y
, — — reversed
Layouts e e || | Entire Link Lane
SUPPOItEtammp [T NE .1 °| | assignment can be
1 e <™l | reversed
2 ’ nc " nc "
3 nc nc
3 nc nc

DVs
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Connect: Flvina | ead Set PCIZ>

DVs
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Logic Analysis PO >
PCI Express Valldatlon Steps

EXPRESS

DVs
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Acquire: PCI Express N
Traditional LA EXQ,LEQS

File MWindow Edit Options Clear Help
w | f’ﬁRUUPl r_,.-_-’ll - | Zl '(gl g | { |°;| I(Elick> to change label haze

¢ Traditional Serial Sampling I Format ~ Trigger ] Symbeol ] Calibration I

Analysis Pro bes Trigeger FunctionSISettingsI Overview] Default Storing] Status]:ﬂ%
General State. Telecom State. Mpe Trigger function librar‘ies...l
Advanced - 3-way branch
Simple Analysis Probe Logic Analyzer Advanced — 4-wau branch
PC' P ; Advanced — patternl AND patf | | | |
F
EXPRESS | > Advanced — patternl OR patts | then || else || else || else
v > Capture HW
S <[E
3 | ~
; Replace | Insert be{‘orel Insert after | ot |
:erJ.'l'I'éI"I"I'“': Trigger Sequence
! Trigger Sequencer | —
i i Ll If | 8bbyteo | il STP | Symbols | A
i| Packet i :
' Recognition i OCCuUrs | 1 ‘ time
]
i then Goto | MNext
[ ] ==
/ L L—fecoanton ) Else if | 8bbytel | il STP | Symbols |
. ; then Goto Iil
Packet Recognition
Consumes MOST of the Else 1+‘| 8bbgte2|il STP| ngbolsl
Trigger Sequencer Resources then Goto Iil
Else if | 8bbyte3 | il STP | Symbols | |
D S then Trigger and fill memory |

Al .
BV U
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]
AC I re [ ] P < : I I X re S S N4220B Packet Analysis Probe - Offline x|
q u ] p Setup | MU  Events | Update FPGA|
P R n n Select Analyzer: alyzer or Probe for Group Impart... | Clear |
aCI (et eCO I lItIOI l Probe Pods QONLIHFDE
1-16 EEEEEEEE
W T PMKIGECA
Ewent Mame | Length | Ewvent Data Pattern -
Any Packet 1 i}
. 30 Memory Read Request 4 FE 00 00 00
° P( : I E P k t A I 304/ 1/0 Read Request 4 FEB 0000 02
X re SS a C e n a S I S 30 Completion without Data 4 FE 00 00 04
30 Memory Wiite Request 4 FEB 0000 40
30w 140 Write Request 4 FEB 0000 42
P ro b e 30W Completion with Data 4 FB 0000 44, W
DLLP Ack & 5C 00 -
| | »
Agilent Analysis Probe Logic Analyzer Recognizer 0: D' Memory Read Request j I™ Trigger on 0
P R > Recognizer 1: IBDW' emony Write Flequest j ™ Trigger on 1
PCIZ= ae > .
c c > Fecognizer 2; IDLLF' Ak j ™ Trigger on 2
EXPRESS k o
e Fecognizer 3: ™ Trigger on 3
1 e : g ; Capture HW | DLLP Nak ot
i > The buttons nest to each Recognizer allow youNroute the recognizer signal to
z
e i Advanced Trigger for Analyzer W i IEllil
r Trigger Functions Trigger Sequence
oo - Defaulk Starage (overridden by sequence level store actions):
! Trigger Sequencer i L :
ﬂ Store il |Anyth\ng ‘l

1
L—Trigger Event Flag l—b:
| |
—Trigger Event Flag 2——p} Trigger
i Event
Trigger Event Flag 3—}: Recognition
| | H

Step 1 \‘:| Advanced If{Then
il I ﬂ Iml #packet IIF\II bits 7| |- =} 20W Memory Read Reques! | Sym_¥|
Jows || 1 B[-T+] [eventuaty =]
Then ¥ [Trigger and fil memory =]

ﬂ with ﬂ Default Starage 'l

|
L————Trigger Event Flag 4=—Jp»
1
1

becce el e-

Simple Trigger... Store. .. Recall... Clear | OF I Cancel | Help |/
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PCIl Express Packet Recognition Exgn’é?s

« Enhanced Trigger Capability Through Packet Recognition

— 8 Header Recognizers will exist in the Analysis Probe (4 Tx/4 Rx)
— Implemented in h/w, includes GUI
« 24 Bytes in each Header Recognizer (Recognition into Data Portion)
» Recognizers send simple event notification back to Logic Analyzer

— Full, Robust Logic Analyzer Sequencing will be available on event
notification bits.

Recognizer (: 30w Memory Read Fequest ] I Trigger on 0
Recognizer 1: A0 Memon Wiite Request = I Trigger on 1
RHecognizer & OLLP Aok = ™ Trigger on 2
Fecoghizer 3: OLLP Mak [t ™ Trigger on 3

DVs
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Logic layer Validation Challenges
“‘Read” & “Write” Cycles replaced by Packets

+0 +1 +2 +3
T GiS 32107 ElSld Jj2|1|9|7|6 5|4 -3|E.' F|El ?|E|5|4|3|E|IED
Byeo> [A[FM|  Type [B] TC |Reserved 1[5 atr| B Length
Byte 4 > Compieter ID Compl T2 Byte Count
Completion Header Format |

: Complefion
- CRC
> ]
= CRC v+
Request /
+0 +1 +2 +3
?|G|5|4|3|2|I|Q ?[5|5|4|3|2|1|o ?|ﬁ|5|4[3]2|1|o ?|s|5|4 3|2|1|-:;u
Byeo>|R|F™|  wpe [R| TC | Resenved | |F| A | n Lenglh
e T ———
‘ Requester Header Format il SRR
Byl 12 = Addrass[31:2] =]

For 64-bit addressing of memory

DVs
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Validation Steps

Defining a Packet
B Event Editor: Find 30%, no data
Event Name:  Find 30M, no d: M Long Fiold Names View Packet Bits|
':‘m‘ Steck — | :_"““ MI ‘:‘ ———————— | Desctibe your trigger
haadw.. e T
i i At Packet Level
ST Reserved %]
FCI Express Phusical Layer 1" iﬁ
Resarvead F
| To/EP |Hu TLP Digest (0x00)
f S P Analyzer handles bit
Reserved  [xx order, 108/8B,
Length 300 scrambling, etc.
Requester ID m L
Tag [E +0 +1 +2 +1
| Last DM BE % 15]5|111E2|1|#‘i!|5|l ll!]'lll! ?li 5‘1 Jii‘i|l.'l ?l!l!llIJJi‘|1iﬂ
| e Byte0> IR|x 0 Type R TC Reosarved Awr | R Length
R ) < Byte 4> Requaster 10 Tag e | Ve
I marmwarasrel e | armma SR ....Hm-.{.:.l:a?‘........ B et | s i L E'

DVs
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: : N
Logic Analysis EXCPILE?S

DVs
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Display: Packet Decode pgi>~

EXPRESS

Markers - Bunf Listing

Packst Decode lad CRC Lane Dats
dh A4 4L

44 4k

44 4A 4k

44 4k

44 4k

ik

B

bicest Mot Pressnt
TLF Hot Poisaoned
Default Ordering, DIetf

D25.3 D27.5 D17.

K27.7 DOO0.0 poo,

b3 B B3 RS B B3
L= -

(]
=
o
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Packet Decode / Display (TLP)

Binary

Fezerved
Facket Sequence Humber
Fezerved = 0 Binary
Glokal Format = 00 Binary (30 header. no data?
Tupe = 04 Hex {(Configuration Fead Type 0

20,000 Fezerved = 0 Binary
TC = 000 Binary
Fezerved = 00 Hex
Attr = 00 Binary
Fezerved = 00 Binary
Length = 000 Hex
Fegquester ID = 0000 Hex

d0, 000 Tag = 00 Hex
La=t 0O BE = 0 Hex
First DWW BE = O Hex
Bus Mumber = 00 Hex

B0, Q00 Device Mumber = 00 Hewx
Function Mumber = 0 Hex
Fezerved = 0 Hex
Ext, Regz Addreszsz = O Hex
Fegizter Addreszs = 00 Hex
TLF Digest = 0 Binary
EF = 0 Binary
32k CRC: OuwQQoo0000

Q001 20, 000 End
1000 100, 000 Start TLP

DVs
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Packet Decode / Display (DLLP)

Packet Decode

Start DOLLFP
Type = 1 He=x {(Hak?
Muzt he zero = 0O Hex
Fezerved = 00 Hex
Fezerved = 00 Hewx
10, 360 Enrd
AckMak_Seq_Mum = 01 Hex
16b CRC: 00000
Start DLLP
Tupe = 2 Hex (PM?
Fti = 0 Hex {(PM_Enter_L1}
Fezerved = 00 Hex
Fezerved 00 Hex
End
Fezerved = 00 Hewx
1k CREC: Qx0000
Start DLLP
Type = 2 He= {PM2
Pri = 1 Hex (PHM_Enter_LZ:
Fezerved = 00 Hex
Fezerved = 00 Hex
End
Fezerved = 00 Hex
16b CRC: Qx0000
Start DOLLFP
Tupe = 2 Hex (PH?
Ft{ = 2 Hex (PM_Active_State_Feguest_LOs=)

DVs
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Protocol Verification Challenges

Protocol Variations / Maximum Load

el

i '
||
§=

« Maintain system stability over different configurations

— What happens if the link is fully populated with
packets?

— Does my system still work if an add-in card is inserted
that implements the protocol differently?

— How can | tell if my design is protocol compliant?

InstrEment module
Recabar Transrrittar

2

Add-in card
Friesim e
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Serial Protocol Tester and Protocol Test Card

Host PC with software and

GUI Chassis
Serial Protocol \ /
Tester ee——— |
Analyzer ——
Exerciser >

Protocol Test
Card

4-s|ot chassis

Probe board and cable

3.125 GB/s Duplex module

DVs
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GUI Protocol Analyzer

Coler codad transaction

Tabular view with Packets with arrors are
irable colomns. hirihl i htn,LI with spadal

I Expand/collapse

individual packets to
et more details

B Ef Capwe Diplay  Heb

TEESR A4PHTFEX Zon

Dir. |Packet M [Timestamp [StanTag  [Sequence [Type Completar [Heg [Data

LpdateFC-INF
BtarlT:g Baguence Humber | |Frmt ; mm: lass H'ILF Enﬂl TLF p.:unm.:l CAttE Length
BETE__ | EN:III] L] BONY header, : Fesd Type 0| 1000 Abdgnt
Reguester 1D 1= Ta it 1\ Completer 0 = E Feg. Mumber ngmrruﬂh-r (L |
Dl D30 il mh 101 00 n3

Tooltips for each fielid
provide more detailad
infarmation as naeaded

Context sensitive
figld decading

i1l

Transaction view pana
provides altemate view
of traffic (a.g. textual,
statistical, etc.)

DVS

enabling digital innovation

Tl

Ml [2F [ [Ch [Zkip Drdered sm | | [ | |

2| E 2 B30 [S0F ||:|m.1:|:r2 [Ack | [ | [

B[ B3 [ECF [OaO00F JAck | [ [ [

|- X i) FrE [3:ED [ EEE [

=[5 [31 B0 [30F [ [JpdaleF NP [ [ [ o

= | | | | | [ [ [ [ {Irmabd YabieReseryed:
| | | T Ly
i
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Protocol Analyzer Trigger Setup

.Trigger Setup {Offline) .

File  Setup  Help

FE ¢Z

ol x|

i~ Tngger Yizualization

State: i Shart

x| add. |

IF Mot [TRUE =]+ |
& anD C 0R [ NOT [Cowmert =] +| ||
€ AND & OR [ NOT [Counte2 @] +| -|
& ND C OR W NOT [Courterz =] 4] -]

Storellpstream, StareDlownztream ‘

iStateE lJ
[~ nOT |TRUE = =]

Storell patream, Storel ownztre am ]

iStart LJ Ly

Foto State

ELSE IF

Foto State

4| | LJ ¥ Show Conditions

S
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ELSE IF TRUE
S torell petream, Storell ownztream

IF NOT TRUE aMD Counterl OF Counters AMD MOT Counters
o toreldpatream, Storel ownstream

IF TRUE AMHD Counterl
arellpztream StoreDownsztream

¥ Show Actions




Exerciser GUI

nPrutucul Exerciser for PCI Express - Untitled1 {Offline)
File  Edit  Wew  Action Help

0= HE

=10l x|

| M avigation o X Request
Exercizers
LI rkitled1 [DfﬂlﬁE] Civeryie Single Packet

Request

Dir. |Type |Address |Data

4F  Memo 0x000000 write

mequence Mumber  Fmt*
A headder: nodats.
TLF Digest | TLP 5
Ahzent false

I Tag

W BE"

Fs

W automatic TAG genetakiol
[ TLP digest present

[ TLP paisoned

Config Space

Decoder

iaeneral Behaviors

N

Yirtual Channel

¥

4

r

" default zetup created Seszion: offline E=erzizern: offline

Reguest

DVS
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Protocol Test Card for PCIl Express
Compliance Testing

[CRE, drecars oo TLF, froe oy vieragn
s15sciated weth 1, schaside 8 K. DLLP for

| Collaboration and joint development with Intel

Cost-effective compliance solution

« Easy-to-use

Serial Protocol 1
Testor - Analyzer - GUIl/push-button solution

connection
(optional)

- Pre-programmed tests
Add-In Card

Under Test No programming effort

— - Pass/Failed report
PTC

e Improves design quality, compliance and
/ﬁ % g AT

accelerates time to market
o

DVs
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PTC GUI — main view

-~ Agilent E2969A Protocol Test Card for PCI Express - Compliance Test Suite R=1ES
File View Tests Help ‘
| B[ 29 ] ]| B
Execute Status Hame Description
S - |EEEE Discard TLP on bad LCRC, send NAK /o
1 Ina OLLGS 7#15 IE If a normal TLP (one with END framing symbol) is T
received and its LCRC doesn't match calculated |
-1 |nia DLL.5.3#3.1 E CRC, discard the TLP, free any storage
1 v DLL5 272 I ronsmisaion f on s not airesty scheduid ad. I
N nia OLLS 5#5 7 IErepurt an error associated with the Port. —
_ ffa DLL.5. 241 Fetransmit TLP an Mak
_ ffa DLL.5. 241 .2 Fetransmit TLE until REPL&Y _MUR o4 erflow
| fi'a DLL.5.2#10 Ensure correct TLP arder in replay
| fi'a DLL.5.2#1.2 start REFLAY upon REPLAY _TIMER expiring
_ ffa DLL.4 1% &l reserved fields must e 0O
| fi'a DLL.S.2#16R DLLP with undefined encoding shall be dropped o
_. [ = R R If"{

DVs
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Fully Buffered DIMM Overview

PHY and Logic Probing Overview

Rohit Bhasin
Senior Technical Sales Engineer
Digital Verification and Design Validation Solutions

Agilent Technologies

-...-ﬂ--hu g - S
T
e S S5t kit 19

DVS
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What is Fully Buffered DIMM?

- People doing FBD:
S |.DRAM
O 1.AmB

 DIMM

E - Chinset DRAM &°vTs (ANB
V)

| TO
LI—'J > 2.6 GO } next
O (é4|anes) DIMM
a > Memory R
< <+»(Controlle TO other

FBD

L channels
O
al »
(% DRAM IO [Mb/s] | 533 667 800 | 1.066 | 1.333 | 1.600
LL AMB 10 [Gb/s] 3 4.0 4.8 6.4 8.0 9.6

DVs
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Routing Comparison

Direct DDR2 Registered DIMMs: FB-DIMMs:
1 Channel, 2 Routing Layers with 3rd layer 2 Channels, 2 Routing Layers
required for power Serpentine (includes power delivery)

routing is 7 O O

i CDmp”CﬂtEd l‘ |‘

¢ and uses up
; a lot of
board area

Fewer
signals and
no trace
length
matching
minimizes B§§
board ared -

aaaaa

DVs
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FBD Measurement Points and Validation Components

BERT AMB/DIMM Paramet‘lc Fixtures

13Ghz 40Gs/s Real Time Scope

DIMM Slot Parametric Probe

TR i
\‘5!\‘\“ I.""'Il.“ N

OEM DIMM
DDR Write Data DRAM OEM
Addr/Cmd DIMM Probe

Memory channel

Host

EM DIMM Probing gg&fgmsﬂ
of DDR Address /
Probe

(ol Command Bus

Slot  |Interposer - 13

hannel Protocol Probes
D S Logic Analyzer

enabling digital innovation




High Speed Channel Probes

Interposer Probe allows all
DIMM slots to be populated

]

Slot Probe fits
anywhere a Jedec
DIMM will fit and works
in systems with

Interposer Channel Probe

¢ Does not consume a slot

* Adjustable orientation of interposed DIMM for
maximum installation flexibility

» Supports probing of 2 channels in adjacent slots
« Full SB/NB protocol analysis

DVs
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suspect timing

Slot Channel Probe

Same size as standard FB DIMM to fit in
crowded systems

High Speed channel layout identical to
standard DIMM for operation in marginal
systems

Full SB/NB protocol analysis




Complete Pre-AMB Probing

Logic Analyzer Probing for Instrumented DIMMs

« RC/B Validation DIMM

— Fast connection to all post-register
signals (Addr/Cmd/DQ)

— Support to DDR800+ Speeds

— Supports all Jedec AMBs and x8
DRAMS

— RC/A,C,D,G,H,I support planned if
demand warrants

DVs
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Validation DIMM (Pre-AMB)

» Functional and signal integrity validation of addr/cmd and data

» Adds 2 layers to DIMM reference design for embedded probing
resistors to eliminate stub loading from for routing to logic analysis
connectors.

» Validation DIMM for each raw card type

« Straddle mount connector topology minimizes loading and allows
probing of adjacent slots and system with limited vertical clearance.

» Supports all DDR2 DRAMs and AMB components

Addr/Cmd(A)
DQ/DQS DQ/DQS DQ/DQS DQ/DOS
- - Signals  Count
DQ/DQS Addr/Cmd(A) DQ/DQS DQ/DQS CKO/CKO# 1
CKO/0# Addr/Cmd 28

"'."!i'.':"E'nﬁ't.L‘TlL-!Wlu'—l'uln--__Lui.u.ijEJLI:Mu"ﬁn"—'lﬁuaﬁummuﬁiuﬁJ—lium'li'ﬂlt'El".‘jE:'Ii'.'.'i'E'Z F e DQ 72
‘ DQS 18
DQS# 17

TOTAL 136
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VDIMM Configuration (Pre-AMB)

Customer Supplied Test Vendor Supplied
A _NA—
N\Nr N
DRAMS  £romom Straddle Validation DIMM Raw Card

Mount Samtec

\ 0=

DVs
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Looking at Channel & AMB/DRAM traffic concurrently

Optional: Complete
control of probe and

analyzer from PC —OR- Mainframe
i —
mainframe | Vodule "l _ g
Module| | |
/ Data / cwn
validati /Module =
D?lvln\/lalon /Module ﬁ
Empty . - i
\ Empty |« —
Termination Adapters AMB/DRAM Interface Analysis
Mainframe
Channel ——
Traffic MOdU|e—|.'| e
Probe O |Module
o |
0 (Module
S [Module
o
Module
Module|.

FBD Based System and Chipset

DVs
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Complete Post-AMB Probing

Logic Analyzer Probing for OEM DIMMS

« RPACK Probe

— Probing of FBD Addr/Cmd Bus
to DDR1067

— Supports all FBD Raw Cards
— Supports DDR1/DDR2 DIMM
and SODIMM
 DDR2 Probe
— Probes DDR2 BGA packages

— DQ/DQS/CK for x4 and x8
DDR2 DRAMs

— Supports all FBD Raw Cards

— Supports DIMM, SODIMM and
embedded DDR?2

See your

X, manval for
7 tstaied

informatien.

— Scope probing may be possible

DVs
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OEM DIMM Probe (RPACK)

Flex PCB

High Impedance network

Solder down pin

DVs
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OEM DIMM Probe (DRAM)

e 0.8mm micro-BGA probe of

DQ/DQS using flying lead probes

 Embedded tip resistors isolate probe
from bus

* Functional and signal integrity
validation (EyeScan/scope)

» Supports DDR2 common footprint

++e
++0

+0+00000Q0+

cCOo0C0CO0O+
tH+t++H+ 4t
0COOO++++
00000+ ++0
0ccocoC+++0

e ks At 3
+++++++++
R ks a5
QO0+++++00

(x4/x8)

See your

2 ~ manual for

DVs
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Complete Pre and Post-AMB Probing

Logic Analyzer Probing for Instrumented and OEM DIMMS

< See your
=, manual for

detailed

information.

RC/B Validation DIMM
 RC/B based - most commonly used

DIMM

. UsesI actual RC/B layout for accurate RPACK Probe DDR2 Probe
results —_——

« Compact design minimizes loading * Probing of FBD Addr/Cmd Bus to* Probes DDR2 BGA packages

- Straddle mount analyzer connections ~ DDR1067 « DQ/DQSI/CK for x4 and x8 DDR2
for zero increase in DIMM thickness . Supports all FBD Raw Cards DRAMSs

* Right angle probes fits in tight server , g,,50rts DDR1/DDR2 DIMM and + Supports all FBD Raw Cards

systems
y SODIMM « Supports DIMM, SODIMM and

embedded DDR2

* Analog scope connection with
high bandwidth probes

DVs
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FBD Requires Bandwidth

« Recommended - 13 Ghz Real Time SCope i ws= ...
with very high bandwidth probes or FBD
- parametric fixtures provide bandwidth S sama] 122
- required for 4.8Gb FBD measurements

-'-"-'

DVs
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Comprehensive Data Analysis

« Complete Jitter Analysis
— RJ/DJ (ISI,DCD, Periodic
jitter) separation
— Jitter histograms
o - Spectralanalysis
— Traceable to individual bits
— Bathtub BER analysis

« FBD Mask and
Compliance Test

— Real Time Eye

— Eye unfolding
identifies failure
pattern

File Confral Setup Measure  Analyze  Utilities  Help 10:26 AM

DO] Histogram

BER. Bathitub

_ e Erfrapolsted BER Bathiul === T] Data

— Fixture control
and compliance
test suite
integration

DVs
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Graduated Physical Layer Characterized with

S-parameters for

Param etric TeSt de-embedding fixture impact

BE

- o e | ET—

s i) [+ PR - | | B el e i @}\
. ‘ : ~

NEEGER -

2
2
) @
.' @
o
%)
()]

CIEl T
NREOagE

uE
q

O
6 ©

©
S

S O O
S ©
<

©
o
23

&

(o]

DIMM Parametric Test N4238A Slot Parametric Probe

AMB Parametric Test

Adds MB and second
connector to test
environment

« Adds DIMM and connector

« AMB Die and
to test environment

Package focus

« Jedec Tx/Rx, * DIMM and connector «  System channel S
BERT, Return impact on Channel performance
Loss, etc. specification «  Supports any FBD

Supports all Raw Cards channel

« Package modeling e _
Simplifies failure analysis «  Simplifies failure analysis

D \’ S ‘ CTC test scripts work

enabling digital innovation across a“ flxtures




» Anyone awake? ()

Summary and take aways...

* Serial Links ramping up to 5-6Gb (per lane), probably higher
» Parallel signaling ramping up to 9.6Gb (e.g. FBD)

« Equipment out there to help you design any interface you want!
Scope, LA’s can also be used as a general purpose debug tool
(for proprietary interfaces)

* Probing is KEY (both at PHY and logic/protocol layers, don’t think you can use
a conventional probe to look at multi-gigabit signaling

» Use the automated tools that are available to help you validate your interfaces
(i.e. Automated mask testing on scope, predefined DDR IA’s, etc)

DVs
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