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X 88 34 7 v R R R AE

Ethernet |
Central Office

CAUI/XLAUI (10G)
CEI VSR (25G)

e,

40/100GbE

Blade Servers 40GbE

,.3
y, N

) b
|

|
‘. OIF CEI
10/40GbE (19-28G)

100GbE
To 40km

Roughly Speaking....
OIF:

* Very long distances (100's km)
4+ Very short distances (CEl, mm)

40/100G Ethernet:
« Distances in between

OIF

Long Haul
100G
Multi-Level
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PCI>
EXPRESS
o 2 4 % E',%:
\ SERIAL 3=6=10= 12 Gb/s
m C AT RRAER, SR R

C BT K 3
Homi

DisplayPort ngE M H T A 10 ;
-Wg%ﬁi%,@%ﬁ%m\%wmﬂ%ﬁ
USB3.0 5Gbps R

o BORTZIE dh R 5 S — B A
R

PCIE 3.0 8Gbps AT LA B e 2 S A

SAS 3.0 12Ghps
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ARG
= HATEER [ v pa

DDRe

BOO MT/s Memary Down

Intel® Atom™ i
- USB2.0 e | N
Definition Audio
- Ethernet T
— 12C & 12S
— SPI
— DDR & LPDDR 1peiet
— SDIO & MMC ,
— PCle - CrEmEmREETT

Intel® Platform
Controller Hub
EGZ20T

T

11FC

— TCON (LVDS/DP)

= ADC/DAC/CodecHfi#
= Tx/Rx & WLAN |

= a5 P oC Ha g s Intel ek /K@i 3™ AL 51
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@ ™ Transaction
Layer
System Integration Data Link Analysis Data Link
Digital Validation & Debug B 1 Debig

QUU-UJIULK |
)
Receiver Test =
Signal Integrity Margin Testing =
Eye and Jitter Analysis [ ©
Characterization & Validation Compliance Test ‘% | Electrical
E’ Sub-block
o

Serial Data Network & Link Analysis

Physical Layer Testing

path

g
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I =T 5 2= 77 TDRER L A2 A

LI

= P80318 — 18GHz 100 Q F#TDREFLI EHR K
— 0.5mm to 4.2mm A {E 8] BEE#R 3L 2R
— FR4#)EPCB#&/M2.5 mm (0.1 in.) [AJEE4 3%
— 580A02# th—i & F IR HLEOS/ESD R ZhRE

= LM TESTOR/TDTIE

= P80318X — 18GHz 100 Q FFH AR TDRZE 4 FHHLIl &

GPIIEASS
— AT ERELFEYED R A RE
7= i 1]
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TDRYER 55%

TDR
(80E04)

#HESI(Signal Integrity) # ) N Fi——Reflection ([ 4t)

i

N

]

Sampling Scope display of TDR waveform

Voltage (or impedance)—»

Time ——

TDR on an Equivalent Time scope is used to measure the quality of the serial data
interconncet: A step is generated and returning reflections are sampled (it's like
radar for serial data cables and boards)
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IConnectik It — 15 5 58 BENVEM S 245 B 2l = T

P BE
A 70dBI Sh A TEH
o3 T BHPTIN RS B RN 70 HE % (Z-Line)
IM Gl s KR, A] DAFE BE s AR K

TOR/T| S | RLGC  Eve Disgram |
Dls 1 Dlﬂps 200ps  300ps 400ps  500p

£00my —|
400 — *7

Bk, i X=X
HENERT, B KB HIR AR, B 7] o e s
il N A T a2 AT A
éﬁ EKJ Eﬁ%ﬁﬁ%%*ﬁm ﬁ% Interconnect Link Analysis and Modeling
H NP ISPICER Y, L\t Bhfe, JFCF i e TOR/T | 5l Schematic | Eye Disgran|
i .
FEJLAY R . TIIASE JLA /N A SER BT 55 2 i Y s
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I Productivity
DPOHIZNRE—ih K RSt
= iUk R ——m e A R e T R TR

=GP TREITAL A N A7 ——DPO AR 3t s BRI (1) TR0 FH i
K2 e LRI W

= SEENIPinpoint™flik R4E, A LU PR &
D& L EEGETN N ] R

Trigger Selection




Productivity

DPOf % %

MR RS

= TR ) sk A R
- AEPTA AT XM B —

fJﬁSiGeEUIi, EXFEAe L) RO |4 Plus Comm & Serial
oy e
Eli/\ B A Event —hﬂ&lw B Event
= A TR v i s s T Edgey——_—Edge
Pinpoint™filik R4t Glitch g7 7 Glitch
- U R A R T Wi g i
9GHz Timeout ¢35 **,:’.#- Timeout
Runt¢ __L, S s Runt
= Pinpoint™ filik R4E Transition TF-EII'IE-II:IDI'I
> Window

LRSS R RS mm”l?
-SRI R RS .
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File | Edt | Vertical | Digital | HorizlAcg | Trg | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities | Help n

&P s0omv Offset:1.33v 500 CFEEN | @I ([-2.321v | (3} & StHid || 10.0ns/div 12.5GSIs 80.0ps/pt
@D 2.0V Off 0V so0 EMEEEN| | @7 [1.304v 1 Proview T

: 4 0 acgs By
e 2.0v Offset:1.28V 500 B,:2.5G B 3.715v -

D15-D0 Time Res: 80.0ps/pt
T 3.0Vidiv 500 Auto August 10, 2010 12:30:56

Value Mean Min Max St Dev Count Info
@ Freq  [138.9MHz [138.88889M [138.9M  [138.9M 0.0 1.0 @ |
1.784ns  [1.7839999n [1.784n  [1.784n  |0.0 1.0

Trigger - Setup/Hold A Setup/Hold — Acquire

Data Source Qualification

Ch 1 v Tﬁ“ﬂ'ﬂ

L Ck +1s /47, Setup/Hold
Data Level Ucours L

1.57V _ Ck /Ag +1y

Ms W/ Ck

Clock Source
Ch 2 v

Settings

Independent | ¥ Clock Level
0.0V




PLAGCRIERAR S, [HII=
(AR EV IS & o5 i
LAGR S B A7 S AE AR UL S8 FR b
2~3 GHz

LA 1368 18 T = 414 n] DL HY
P NI e

Analog Out Analog In

2 GHz | ¢ CH1

(/ﬂﬁ CH3
| 1 ———o
34ch o {
]

CH 3
\0——0 CH4

CH4

LA DPO




I (RN & F S WS

BRI IR DA

— SEIN SR T P R I

— Ny

— B bRTE

— WERE AL H R A 2L L

IView

— REE AR AT ORI 7N I A% o G T b

A B AL

— (EIZAR I M DSR4 b s B Bl
A1 55 I R [l 45 5 B R 7

IBE

— JEILIZ AR I M OGS 73 s 1O kA

PEfl, AERRE AL

PR

So = =)
ERSPas

I AR

L4 1: Sample

-32.000 ms

LA 1: Contral

oooo

0110

0111 A

LA 1: Contral[3]

LA T:
Magnivu; Control3]

CSA7404: Cantrol[3)

WWWJ AN AT
i VAVAVA
=H=N=1 AYAVAV,
VAVAVA
K AN
=
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i N 20 A RN 56 IE

R 0 A AR R SN B AT B R LA B AT T 78 PR AR Y5
TLAT] DR3P AT FIAR ) R GE =R I Sk ok

— RPN IEEE-1394, USB,LVDS etc.

— fff4ZEAF: Interrupts, DMA cycles, Suspend,etc.

TLAR

Y =Y
=

i i A\ A SE I 124 T

Sample |
Address 4230

IR0 7653

L.5e0,000 us

___________________

______

oool

Address

FREFETCH

.  PREFETCH

Mhematic

00&03 204
U——

00e0320E
00&03210

00007 EFE [ RESET ]

TOOFFFFFF | FFFF™ - | CRESET &7~~~
Q0000000 | Qo0 { RESET: STACK POINTER
QOooooos | e S0 [ RESET: STACK POINTER )
Q0ooo004 | 0oso [ RESET: PROGRAM COUMTER )
Q000000E { RESET: PROGRAM COUNTER )

MOVED #00000007 ,00
( EXTENSION 3
MOVE.L #FFFFFOOL,O0



TLAK ARG T
SE RS 5 BRI

Ci: [1.124us B ca [1872us = DetaTime: [7%ns =
QETART: Address  O1: init@>+4 02 inita>+8 Delta: ‘T‘_' Hj‘ b/\\E E’b
- — KB 1S ERER
QS TART Sample — ~ !
OSTART: Addrass
OSTART. Data JJﬂl!lilélﬂMil
OSTART: Control i~ = - 500 | Delia Time: 1343150 =
— Q-start Q-sStart | Q-start
sample Address Data Mnemonic
DE0 1: Channell 136 | stopLite+32 23FC MOVE.L #00001001,stopLights+10
143  stopLite+3C 23FC MOVE.L #00000401,stopLights+14
150 stopLite+46 4EBR9 J5R initQueue
<] 1 158 1initQueue 42B9 CLR.L front
& T 161  initQueue+b 47289 CLR.L rear
166 | initQueue+C 4E75 RTS
172 | stopLite+4cC 7EQO MOVE. #00000000,D7
173 stopLite+4E PN Lites Source
"FI.\‘ EI é’{:llﬁl ot G2 AlAI Hﬂ'ﬂﬂ ScanListing:ILater 'I
c1: 31 = = e o | e
Line |C:\gueue.c
24 B
25|/ %% .-:.--:.—::.--::-:.—****f***-{:*f;************-
26| * RAptine to initialize queue
271 #+% -::-A--::-::-:r-::-:r-:::':-::-::-:r-::-:r-:n':-::-::-:r-::-::-::-::f:-::-:r*-Ja
28||lvoid S C d N
29|[initQueue() ource O E,@
30||{
o 31 iz Debug |
32 rear = 0;
33|(} =
L] 34| I o [




In-Circuit FPGA Debug Methods

= Embedded Logic Analyzer = External Logic Analyzer
— Logic analyzer functionality is — Use a full-feature logic analyzer
inserted in design — Route internal signals to FPGA
— Has triggering and trace storage pins and observe with TLA
resources Series logic analyzer
— Uses FPGA memory — Make use of programmability of
— Examples: FPGA

— SignalTap® Il (Altera)
— ChipScope™ ILA (Xilinx)
— CLAM® (Actel)

pignalTap Il
ELA

~ SignalTap Il
S ELA

S
ko !

&Stranx .

| RN
Download Cable to \
Quartus Il Software \

e

QUARTUS

TR
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Real-Time Logic Debug Solution for Altera FPGAs

Overview

= Software package developed by First
Silicon Solutions (www.fs2.com)
— Supports Altera FPGA devices

Runs on Windows 2000 and
Windows XP machines

FPGA

Altera Quartus® 11
v5.1 Logic
Analyzer Interface

Function Solution

Multiplexer

Altera Quartus® Il v5.1

Control Software

FS2 FPGAView™

Logic Tektronix TLA Series Logic Analyzer,
Analyzer running v4.3 or later

JTAG Altera USB-Blaster™ or ByteBlaster™

Cable

Operating System

Tektronix
Logic Analyzer Probe

Windows® 2000 and Windows® XP

FPGAView™
Software

USB-Blaster™ or
ByteBlaster™

JTAG

'Ihktron/ix*



Using FPGAView

Step 1 — Create the Logic Analyzer Interface

= Use Altera Quartus Il Logic Analyzer Interface Editor to define and
insert Logic Analyzer Interface
— Available in all editions of Quartus Il, including free Web Edition

Specify number of
debug pins

Specify Number of
Banks

Specify Mode

Specify Clock
(if using State Mode)

Power-Up Mode

cww | LB

Instance tManager: iHeady

Instance ] Status

&)

| Incremental Compilation | LEs: 85]

iaum_tai_ﬂ

X | JTAG Chain Configuration; |.JT.\’-\.I3 ready

@)

Hardware: |USB-Blaster [USE-0]

LJ Setup... I

Device: |@11 EP2SEOES (002083000

.:J Scan Chain |

File: é’; |E:\altera\attma_n\os:_dE.-v_hoard_slrali:-:_ZsEiD_es_2\syst D

[E3: auto _lai 0 Instance not found i 85 cells
¥
Logical View: X | Setup View: ‘Eure Parameters
Core Parametbrs | | Pin count; |8
: Bank O Pins _
=1 = 0 Bark count: I

Output/Capture mode: IHegisterade tate

Clock:

Fower-up state:

I

L Ll | ke ek

|Tri-stated

L«

=

=] auto_lai D |
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Using FPGAView
Step 3 — Map FPGA Pins to Logic Analyzer

= Use FPGAView to “connect” FPGA pins to logic analyzer

— Enables automatic
channel name updating

— Drag & Drop operation
— Supports multiple LAIs /

) Map FPGA Pins to Logic Analyzer Probe Pins

Logic Analyzer |
FPGAS / TLA mOdUIeS Select Debug Pot Slot C Pod 1 | [slot C Pod 2 ~|
TLA Probe 1 - 38pin Single-Ended Mictor Probe
FPGA Signal Side & Mictor Pin Side B

20 altera_reserved lai 0.0 |2} B ¥
ik altera_reserved_lai_0_1 I B 3B
19 altera_reserved lai_0_2 |—! | #| B
J20 altera_reserved_lai_0_3 | 2|3
H14 altera_reserved lai 0 4 | D] 29
n7 altera_reserved_lai_0 5 I 28|27
)8 altera_reserved lai (0 6 Drag BB
K15 altera_reserved lai 0.7 5;:.': 2|z
W18 altera_reserved lai 0 8 >3 212
u21 altera_reserved_lai 09 | 20119
L15 altera_reserved lai_0_10 | 18| 17
K19 alteyg reserved lai 0_11 I 16| 15
K20 alteta_resarved lai_0_12 [ 14| 13
114 altera_reserved_la 0_13 | 121
ny altera_reserved lai 0 14 | TUNES
e altera_reserved lai_ 0_15 [ 7%
L15 altera_reserved_la_0_16 | 6|5
%18 altera_reserved lai 017 | 413
19 altera_reserved_lai 0_18 v | | 2|1

[ o ] Cancel | Cea | Hep |

A
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Real-Time Logic Debug Solution for Altera FPGAs

Summary

— One Year Use and Support License

— Three Year Support License Multiplexer Altera Quartus® Il v5.1
(perpetual use)

Control Software FS2 FPGAView™

Logic Tektronix TLA Series Logic Analyzer,
Analyzer running v4.3 or later

JTAG - ™ ™
Cable Altera USB-Blaster™ or ByteBlaster

Operating System Windows® 2000 and Windows® XP

FPGAView™
Software
FPGA Tektronix
Altera Quartus® 11 Logic Analyzer Probe

v5.1 Logic
Analyzer Interface

USB-Blaster™ or = -==
ByteBlaster™

JTAG
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I MSO70000 =M fAeiR &5 5 A

Real Time
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| & iCapture
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MSO 70000

b N RIS B B I BE

*33G 7 FE BTG §
4l IE
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I [ AL |

- S

—

=]

= Ll

| E
NERERERE

E ] ] | L
LU LU L
- e | Fer

paes

==
|
[ S
LA
— T amen |

N R R G

=l e
98 120 o7 A A 1 ot

L

BT IR Sk
fe s 5 ORUE
DYSE LN IRIE

JI V2 e SR = AN é‘l:' N H
4 BEVR &8 5k os
BT TE 1 S s 2%

=80ps H T ER 43 HE%
=20 psHfilE I 43 HE%

Y | &

@ = - =

G A
i i =
& .

" VRAfi
w5 TR PR B i T 4
#5-h250M/ch

iCapture™  [a] iy 4T A5
FOFC IS T) AH DSt

BT AT
12C. SPIfi15 I RE
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I MSO5000 Z 41|, [H]H] 37 £ 587 AR LR R

) AL F5 PR R Sk A Ay
— K H N (3.9pF)
— FAPHPTAR: 10MOhm

—  WESRCHL S ) S AN P v X . 4 g
- %@E@Mﬁ@% ﬁﬁ%% H/],[% HB;
5 R LA TCPRERK K TR 5

— TPP0500: 500MHz (350/500MHz %! 5 A5 Hc)

— TPP1000: 1GHz (1/2GHz#&! S Frfd)

PERE R, TG, TR RN SRSk A

AL IER:, A

— BT HIZL

— | L g S
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B RPN

top

= DPOPWRGEFEMN 553 #7174
ANt N e N - — — — — — — — — —
UES o
— DI i
— FFORARFE N =
— g TAE X AEE
— GUP
— PWMA 57
— AF AR o A
= EEMHRLRS
— ARk
— VM, bk
— 5 R 20000V l’.:a
— TR FLR RSk \
— I AG A 200UA
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I LUK 5 USB—EMEMN ., B PR AR Ik

= PR 5USB2.0EE 47— 80t
— EINET3:
— ZETTUSB: K, 4, =i#EUSB2.0 B
= PRPRIM (ETLT) =N :
— VEE KPR PR B AL, MIUED  USB 2.0 —BiEihik LA — B
TEBEAT B2 BRI 3
= BRI (GETMTM)
— W HAS AR VAT SR AT AR VEEARAR I A,
— M B XN, M H e XE 5
= WH]
— BRI IR
— HE B AT AR S S R g

HRAT M2 55 IR B AR,
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Tektronix3& L S AL WA M —Z0HE A bR E S

= PCIExpress Gen 2/Gen 3
= DisplayPort

B SERIAL

= HDMI

= SATAII/III

= DDR2/3

= Ethernet N —

= USB LN | SERNr -

=  WiMedia —

= Inifiband — p— —

= FiberChannel
= XAUI
= USB3.0

D2 033 B L2




ol HR &

= PLEH/AR KT
— HR S, HRE
— MR BB AR
— JE /W
— BEAUEEA E R BB 2
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FIUSB
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DDR/SDRAM/FLASH N A7 Sy 2. K5 IS . e o0 #r A

= DDR7#f#s 70 #r (17U DDRA)
— % #:DDR1, DDR2, LPDDR, LPDDR2
i
— A3 EiAs
— MIRDPOJET, #L{tDDRZ 7

- R
- #ﬁDDRﬁ,ﬁ%%gl J%

=  SignalVuTM, #TRF T
— EINSVE/SVM/ISVO/SVP/SVT
- TSRS

© B

i REAHT

%1#

R S
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37

44T 24 i AR

[a] wm B P

SRR FE AT ARV 2 ER AT B 2 3 mEEEE R R Eae s

— 12C, SPI, RS-232/422/485/UART,
USB2.0

— CANI/LIN
FEDN L RV 2R 5 ) ) 4o v ) et 2R
FET I TR AR 2 P B s AR R A B g 5
IME, MERBAERTTR B S REfE S
LEATNEARUE B 2R E fol & B B2 s B

— {3k

~- R

— FHEFRID

— HihE

— ¥

foz e [F] I 0 16 4% 5 e AT A ) s ==

DR ETT 4 LR LR VIR E S
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Components of generic communications link

Channel

Examples:
» Optical Transceivers
(SFP, XFP etc.) Examples:
* SERDES chips * Optical Fibre with amplifiers
« Satellite uplink » High Speed Backplanes Examples:
» Backplane drivers * Circuit Boards « Optical Transceivers
* Coax cables « SERDES chips
* SERDES
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I B 2 BRI

A Combination BERT and Scope for Computer Bus and Communications

Serial Data Applications
1 | Pattern Generator (with optional Stress) A Typ|CaI Receilver Test Setup

sends bits, e.g. a PRBS pattern n_l—u

From Stressed
Pattern Generator

loopback
| ’ D
C |

To Error Detector Device Under Test

j—L f_\_/ (DUT)

Bits come back from DUT to Error Detector
and compared to expected pattern for Bit
BER measurements Error Ratio (BER) measurement.

also used for scope-like

analysis

nouonon
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1. Stressed Receiver Tolerance Testing

Start Testing Quickly

B W=

DETECTOR RESULTS

837,430,471,808
1,095,843:680_

Recall stressed eye configuration

Apply stressed eye signal to DUT’s receiver

DUT loops received bits back to BERTScope Error Detector
BERTScope counts any errors

From
Stressed
Pattern
Generator

—)

To Error
Detector

3 loopback

L

i

Device
Under Test
(DUT)
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2. Creating the Stressed Signal
Dynamically change Data Rate, Stress, Pattern

Fan i (e T T T 1111

[ 30 ps
er Dy

AMples
i M Center
I v Meggure ‘ | 4 = |.-157 ps Q p

= - - =
| Gen: PRES-7 2,500,001 Mbitfs | Det: PRES-7 2,500.01 Mbitfs : EER: 0,00E+00 i




Which Standards Use Stressed Eye Receiver
Jitter Tolerance Testing?

X XXX, <

Bounded
Uncorrelated Jitter | Sinusoidal | Data-Dependent | Vertical closure
Sinusoidal Jitter | Random Jitter (PRBS) Interference Jitter from ISI from ISI

SONET/SDH* v

OIF CEl v v v v v v
XFP v v (proposed) v v
1x/2x/4x Fibre Channel v v v v v
XAUI v v v v
10 GbE (4-lane optical, 10 GBase-LX4) v v v v
10 GbE (802.3a¢) & 10 G Fibre Channel (both Serial) v v & v
Serial-ATA Il v v v v v
* SONET/SDH also require jitter transfer & jitter generation testing ™ Minimal due to use of linear phase filter. Ig;erreq as component that is part of

recipe

Table also available on Anatomy of an Eye Diagram Poster
www.bertscope.com
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