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High-Speed Serial Data Test Solutions

o
DGlzes Al Ntsgm === < GbE DisplayPort HOMI MHL ...

TIX +_+_\Interconnect AL INERX

System Integration
Digital Validation & Debug

Receiver Test
Margin
Testing

Probing

Fixtures Interconnect Test |

SR | T
& [Tj,u‘l Fsl

Sampling Scopes Compliance Test

Compliance Test Software
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http://www.analogix.com/product_info.html

Storage Timelines and Solutions Development

2008 2009 2010 2011 2012 2013 2014
Public 8G (Spec 3.2) SATA-
Spec6G G Deployment Phase Express Deployment
Release
Draft =
Draft | — pPhashy,

<;>

6G Integration Phase

Commercial Gen3

Gen 3- Silicon Phase
| |

Public
Spec
Draft Relgase

Spec

6G Integration Phase Commercial

product 8G SATA-Express Integration Phas
Prod deployment.
roduct
IW#9/PF#1 IW#10/PF#15
Development 4 Ta/ipei Milpitas CA IW#11/PF#16  IW#14/PF#19
SATA 10 Unified  11/16 05/16 Taipei 03/23  Talpel 03/03

Test Definition
1.4

First official
testing of Gen3

proguCts in June SAS3 first Spec 1oL saAs (12)
66 Deployment Phase Draft Interop

‘ IW#13/PF#18 ‘ ‘

Milpitas CA 10/14

SATA 3.2 First
Interop SATA-
Express

—

L
Inteﬁration Phase

G(}n 2- Silicon Phase scSI Trade

o 12G
| produc
deploymenGen 3 (12Gb/Sec) Deployment

Association Gen2 |
Plugfest (UNH

I0L)

STA test
specification of
SAS released.

[F—
- Silicon Phase
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SATAUTD 1.4 TSG/PHY/OOB Meaciiraments

Drive : PHY-TSG-00B SATA Gen 3-UTD 1.4-All

Celect  TestHame

K

<

|nformative-dfddt kMeazurement

|rformative-Eve diagrams
Q0B01-00B Signal Detection Threshald

Q0B0Z-1 During 008 Signaling

QOBO3-COMIMIT_RESET and COMWAKE Transmit Burst Length

QOBO04-COMIMIT_RESET Transmit Gap Length

QOB05-COMWAKE Tranzmit Gap Lenagth

Q0BO0E-COMWAKE Gap Detection ‘Windows

QOBO7-COMIMIT Gap Detection Windows

PH'01-Unit Intereal

PHY02-Frequency Long Term Stabiliby

PHY03-5Spread-Spectrum Modulation Frequency

PHY04-Spread-Spectrum Madulation Deviation

TSGO1-Differential Output Yolkage-Option 1

TSGOT-Differential Output Yalkage-Option 2

T5G02-Rize-Fall Time

| TSGO3-Differential 5kew

T5G04-AC Common bMode Vaoltage

T5G05-Rize-Fall Imbalance

T5G06-Amplitude Imbalance

TSGO3-TJ at Connectar, Clack b Data, FBALID-500

T5G10-00 at Connectaor, Clock to Data, (BALID-500

TSG11-Td at Connectar, Clack to Data, FBALID-500

T5G12-00 at Connector, Clock to Data, (BALID-500

TSG13-Trangmit Jitter

T5G14-TH Madinum Differential Yoltage Amplitude

TSGE15-TH Minimum Differential Yoltage Amplitude

K| K| K| €| K| & || &) 5| K K ) K E E R R R R R R R R

T5G16-Tw AC Common Mode Yoltage

SATA Gen 3-UTD 1.4-All v

SATA Gen 2-UTD 1.2 ~
SATA Gen 2-UTD 1.2-Al 7
SATA Gen 2-UTD 1.3

SATA Gen 2-UTD 1.4

SATA Gen 2-UTD 1.4-Al

SATA Gen 3-UTD 1.4 —
SATA Gen 3-UTD 1.4-Al v

= Different test program and
degrees of regression
testing user selectable.

= Debug and diagnostic tools
(Informative measurements)

= Updated SATA Gen3

measurements
= New OOB patterns
= TSG ECN additions

Tektron/ix-'"



SATA/SAS TSB/PHY/OOB

w0 SCSl
Select Standard Select Device Select Test Suite Yersion
() Serial ATA @ Drive @ PHY-TSG-00B SAS 2.0 v
@) SAS ) Ru-Tx
Drive : PHY-TSG-00B SAS 2.0 _
Select | TestName L
| lesth 24 - 1A ool UFLT |Informative|
Test 5.3.1 - TX Physical Link Rate Long Tem Stabily e (0N L R—-—
Test 5.3.2 - T# Common Mode RS Yaoltage Limit _
Test5.3.3 - T Common Mode Spectrum m
Test5.3.4 - T¥ Peak-to-Peak Waoltage
O  [TestB535-TXWMA and EQ electAll
Test 536 - Tx Rize and Fall Times
Test 5.3.7 - T+ Random Jitter [FJ] m
Test5.3.8 - Tk Total Jitter [TJ]
Test 5.3.9- Tx Waveform Distortion Penalty /0P o “

SATA/SAS Physical Layer Validation

Tektron/ix*-*



SATA/SAS TSG/PHY/OOB test connection

Signal Source

00
g

nan
man
oo
LN ]
oo
oo
a0
anaan

1] =
L — ] 'DO
fRaasREadaEREeeE e a0 ® O L
CH1: Interleave Analog Qutput CHS Fixture l @ @
-
TF-SATA-NE-XP
DT+ 01" DR™ OR* )
RF Switch
= = .
HIlE : (
= = )
=< = '
L

SATA DUT

Real Time Oscilloscope

6 June 5, 2012

Tektronix Confidential

DR*

Crescent Heart Software-
Frame error analyzer

Drive Host
—

CHS Fixture
TF-SATA-FE-XP
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SATA/SAS: test Report

Test Details

e | FEEDE High Limit Margin Units  [Test Result
Value

Test Name Interface

Speed

Pattern Name Measurement Details

Test 5.2 1-TX SSC Modulation Type 6.0Gh/s

Center-spread SAS

S8C ON

HFTF 6.0Gbs S5C Modulation Frequency == 30 30.0000 == 33 o .3 m
Test 5.2 2-TX SSC Modulation Frequency HFTP 6.0Gbls Min SSC Modulation Frequency ==30 209992 ==33 Informative KHz Infarmative
HFTF 6.0Gbfs Max S5C Modulation Frequency == 30 300011 == 33 Informative Informative
HFTP 6.0Gh/s Max Deviation MNA- | -2199.6500 | -MNA- -MNA- Informative
: . HFTP 5.0Gb/s Iin Deviation A 2200.0074 -NA- -NA-
Test 2.2.3-TX SSC Modulation Deviation and Balance | —rrs 5.0Gb/s Avg Deiation >=-350 <=350 | 350.1787,349.8213 | PP Pass
HFTF 6.0Gh/s Deviation asymmetry - == 288 287 6426 Pass
Test 5.2 4-TX SSC DEDT (Informative) ‘ HFTP ‘ 6.0Gb/s ‘ dfidt ‘ ==-850 ‘ -380.3082 ‘ == 850 ‘ Informative | ppmius  |Informative
HFTP 6.0Gh/s Mean Period = =100 -2.1050 =100 Informative Informative
Test 5.3.1-TX Physical Link Rate | ong Term Stability HFTP 6.0Gbls Min Period = -100 2200.0074 =100 Informative ppm Infarmative
HFTP 6.0Gh/s ax Period = -100 -2199.6501 =100 Informative Infarmative
Test5.3.2-TX Comman Made RS Voltage Limit ‘ CJTPat-Gen 2 ‘ 6.0Gh/s Comm"”‘m"de;[‘gsg"gnage aur ("”V}”‘ - - <30 ‘ 12.9927 | mv
Common-mode spectrum (dBmV) at o
CJTPat-Gen 2| 6.0Gb/s 100MHZ-SAS 2.0 - -33.5589 =127 46.2588 Pass
Commaon-mode spectrum (dBm\Y) at firs
Test 5.3 3-TX Commaon Mode Spectrum CJTPat-Gen2 | 6.0Ghis Rarmonic-SAS 2.0 - 16.7701 < 28 9.2299 mv Pass
Common-mode spectrum (dBmV) at
CJTPat-Gen 2 | 6.0Gb/s second harmonic-SAS 2.0 - -9.8586 = 30 39.8586 Pass

Test 5.3.4-TX Peak-to-Peak Voltage

D30.3-Gen 2 ‘ 6.0Gh/s ‘ Peak to Peak voltage (mVppd)-SAS 2.0 ‘ = 850 0000 = 1200 ‘ 3490, 40 | mv
030.3-Gen 2 ‘ 6.0Gh/s ‘ Transmitter equalization (dB}-SAS 2.0 ‘ =2 2.0684 E
D102 6.0 Ghis Risetime in ps == 416 55.7616 - 14,1616 Pass
Test5.3.6-TX Rise and Fall Times ps
D10.2 6.0 Ghis Falltime in ps »= 416 55.3999 - 13.7999 Pass

== 25 242931 Pass
ps
=25 24 4679 Pass

Test5.2.5-TXVMA and EQ =4 ‘ Informative | dB

D24.3-Cen 2 6.0Gh/s Rj before CIC -

Test 5.3.7-TX Random Jitter (RJ)
D24.3-Gen 2 6.0Gh/s Rj after CIC -

SATA/SAS Physical Layer Validation Tﬂktl‘ﬂlliX“
/




The SATA Ecosystem: Now

Today, SATA is expanding in
specialized low power,
compact and high

Embedded

Applications performance areas with BGA

SATA BGA

and SATA-Express Solutions
recently approved by SATA-
IO0.

CE Application

usmm™
Mobile
Application
mSATA™
PC: D-T &-NB Enterprise
Application Application
SATA™
eSATA™ SATAT

Tektron/ix*-*



Enabling the New SATA Express Ecosystem

Desktop Connector Concept

Accept a x2 PCle, or a x1 PCle, or two
SATA cables

Accept only a x2
PCle, or a
x1 PCle cable

PCle Conn.

Keys that reject the SATA cables
Tektron/iv



Enabling the New SATA Express Ecosystem

Desktop Cables Concept

=  SATA devices will coexist with next

PCle Cable generation PCle devices

= SATA cost/performance benefits

= Requires a connector that supports

Existing SATA Cable both PCle and SATA

= Allows asingle motherboard
(backplane) connector to support both
interfaces

HDD-compatible form factors to be

PCle Cable defined for PCle devices

= Enables system-level mechanical
compatibility

= Preserves high-capacity storage

SATA-IO CabCon has been chartered
to develop SATA compatible

connectors and form factors for PCle
SSD/hybrid drives

PCle Conn.

Tektron/ix*



I SATA Express Signal Access

Recommend Luxshare-ICT Dual SAS Dual Port Plug Test Fixture
Port SAS fixtures (SFF-8482)

Similar dimensions but different
pinout

For device testing use plug fixture
(TF-4R21) to mate with SATAe plug
— Both ports accessible (29 pin)

For cable testing use receptacle SAS Dual Port Receptacle Test Fixture

fixture (TF-4P22) to mate with
SATAe receptacle
— Only port A is accessible (22 pin)

http://www.luxshare-ict.com/

Tektron/ix .



Tektronix Solutions for SATA Express Measurements

Utilities | Help

= DPOJET-based SATA 08 Q3 Q0E=R WoLal o 2
EXxpress setup (requires |
option PCE3) b - w.£

200my

= Support for Base/CEM 0 -
spec measurements VAW AE /\

-400mY

Y:Voltage Height1: Eye Diagram X:.Time 'Y:WoltageMask Hits1: Eye Diagram  X:Time
: : : SRR A - . a00my

-400my [

= Supports all versions of , - —_— e = -
PCI Express and
includes SATA EXxpress s [

-100ps  -50ps 3 -100ps  -50ps Os S0ps -100ps  -50ps

Description PassiFail  Mean Std Dev Max
- - (#) T_TXA, Math1 4 Pass 90.161ps 0.0000s 90.161ps 90.161ps 0.0000s
P L L CO n fl g u ratl O n S — 2] VTXA, Math1 (Pass  517.46mV  0.0000V 517.46mV  517.46mV  0.0000V
(# VTXA_d, Math1 v 643.03mV 0.0000V 643.03mV 643.03mV 0.0000V

(#] SATAX VTx-Diff-PP,... 774.18mV 83.071mV 1.0360V 602.00mV 434.00mV 806300

(# TIE1, Math1 -1.0873fs 4.1365ps 19.770ps -15.057ps 34.827ps 804687
(#] SATAX UI, Math1 v 125.00ps 0.0000s 125.00ps 125.00ps 0.0000s 1
(+) TI@BER1, Math1 v} 43.788ps 0.0000s 43.788ps 43.788ps 0.0000s 1
(# DJ-5561, Math1 16.294ps 0.0000s 16.294ps 16.294ps 0.0000s 1

Tektron/ix



12G+ Design Problem:
1000mV, FFE, Crosstalk, DFE, 50mV

Crosstalk and signal loss problems are the largest design
challenge today.

Significant advances in high tap count Decision Feedback
Equalization are key to operating at 12G+.

Core vias C4 vias Tx High-speed links Rx Organic (8-4-8)
PCB stubless / s (L% ) ) R / package

stub vias Megtron6 /
} Nelco4000-13

Power

supply CLK| (24 layers, 4.7 mm)

PC

Module model Module model
[ I I ] [ I I )
Via model Yia model
with crosstalk with crosstalk

Tektron/ix :



SAS-3 PHY Transmitter Solution

5.1.1  Maximum Noise During OOB Idle SAS-3 1.5/3/6/12 Gb/s Tx Test Software
5.1.2 OOB Burst Amplitude .
5.1.3 0OB Offset Delta Standard ~ SAS 3 B

5.1.4 0OOB Common Mode Delta Test Point @
Group 2 — Spread Spectrum Clocking (SSC) Requirements - I

5.2.1 SSC Modulation Type

5.2.2  SSC Modulation Frequency

5.2.3  SSC Modulation Deviation

5.2.4  SSC Balance

5.2.5 SSCDFDT

5.3.1 Physical Link Rate Long Term Stability
5.3.2  Common Mode RMS Voltage Limit
5.3.3 Common Mode Spectrum

5.3.4  Peak to Peak Voltage

Spectrum PHY LTS Equilizer CM RMS

- W o W

PreCursar
S5C DFDT VMA Equilizer

(S

o

5.3.5 Voltage Modulation Amplitude (VMA) B (5o e narioms SR -
5.3.6  Equalization . :,,:

5.3.7 Rise Time . e

5.3.8  Fall Time oo Promie

5.3.9 Random lJitter (RJ) ;:z:

5.3.10 Total Jitter (TJ) eaGus

5.3.11 Waveform Distortion Penalty (WDP) e
5.3.12 SAS3_EYEOPENING
5.3.13 Pre Cursor Equalization Ratio
5.3.14 Post Cursor Equalization Ratio
5.3.15 Transition Bit Voltage PK-PK (VHL)

5.3.16 Unit Interval

Tektron/ixu?“



Cumulative Relative Closure (%)

-10
a

NEW Measurement for Crosstalk/ISI Evaluation

= SAS3 EYEOPENING* Measurement for accurate analysis of ISI and
crosstalk effects

= Provides measure of relative vertical eye opening after reference

po0

% 10'3 Crosstalk pulse responses (scaled by TX FFE)
4 T T T T
: ' Middle NEXT #1
g 2 Lo M|dd|e NE}{T #2 H
z 1 L. Widdle NEXT #3
= 0 Iy ™ Widdle NEXT #4 [
g Widdle FEXT 41
a2 Middle FEXT #2 H
| : : Middle FEXT #3
| 1 1 L
0 500 1000 1500 TANEXT#1 ¢
Tirnie (UN THFEXT #1
Cumulative Crosstallk Eye Closure, after noise compensation

30 !

i i i
500 1000 1500

Time (UN)

Middle NEXT #1
Middle NEXT #2
Middle NEXT #3
Middle NEXT #4
Middle FEXT #1
Middle FEXT #2
Middle FEXT #3
TH MNEXT #1

THFEXT #1

Amplitude at
refere

nce
e sampling clock
instants

il 1k
N/

Vertical

eye opening at
target BER

l
N

S
= | Probability of signal occurrence

Amplitude
) Reference sampling
clock instants
il
e ——
0 =
‘_th_.-
. /
Reference pulse response cursor
(peak-to-peak)
0 0.5

: Time (U1)

Figure Fe — Simulated Vertical eye opening and reference pulse response cursor

Source: 12-244r3

*Note, this measurement is similar to the SAS-2 Waveform Distortion Penalty (WDP) measurement but also includes Tx

EQ in addition to DFE. The code was provided and distributed through the T10 Technical Committee and permission has
been granted for Tektronix to reuse.

Tektron/ix .



SAS Receptacle Test Adapter

Sdd21 (1x Thru) => -3dB@26 GHz

Magnitude: sdd21 of Fixture and Channel X: Freq (GHz)

....................................................................................
__________________________________________________________________________________

Fixture

Tktronjx .



Test Fixture De-embedding

= Why de-embed? Before After
— Tx measurements referenced to F
die (ET)
— Improve margin with removal of
fixture effects

= S-Parameters acquired from
calibration fixture or model
extraction

= Use inverse response to
compensate for loss

Before After

De-Embed De-Embed

Eye
Height 711 mV 770 mV
Rise Time 57 37

Tektron/ix .



Mini-SAS HD Plug Test Adapters

Mini SAS HD 8i
Color Coded and Imprinted _ cable plug connector
Markings High-Performance
(Large Colored = Channel Number) Mini-SAS HD Plug
(Short White = Transmitter Side) Connector
(Short Red = Rositive Polarity) Configuration

" \

Small Form-Factor
Housing (allows
for 1x2 4X testing
when using left-
hand version TPA)

8 Position Low-

Speed Connector 16 SMAs for

High-Speed
Testing

Tektronjxu?“



Bandwidth Considerations

SAS 12G NRZ Power Spectrum

-
J Spectrogram

Spectrums/ine: 1 +Peak
2 Time/dw:
111 us
o RBW:
1.00 MHz
S M eezs dBm //}/5//,7/4’
VBW: 33.000001575 G
/172011 1642 16 7942:9
/| 3-D },g‘., ) .
v Pos:
0.0 div

Autoscale © CF: 20.00 GHz

AM4: 2. 67 dB
$20.949995286 GHz

[ 1 Spectrum

7 Trace 1 v Show +Peak Max 10

v 0.00 dBm

o dB/dw:
10.0 dB

¥ RBW:
1.00 MHz
VBW:

M4: .51.07 dBm
33.000001575 GHz

-100.00 dBm

AM4:6.61 B
20.949995286 GHz

Autoscale & CF: 20.00 GHz “ Span: 40.00 GHz
Marker Marker  Frequency A Frequency A Time Spectrum A Spectrum Spectrogram A Spectrogram <
Readout e z b beby o . relatechet : X
Table M2 18.050004939 GHz  5.99999865 GHz 42.01 dBm 15.67 dB -68.71 dBm 0.24 dB
M3 24.050003589 GHz 11.9999973 GHz -59.20 dBm -1.52 dB -66.74 dBm 2.21 dB
M4 33.000001575 GHz  20.949995286 GHz -51.07 dBm 6.61 dB -66.28 dBm 2.67 dB

Tektron/ix .



12G PRBS from BERT (20ps 20-80% Tr)

Height1: Eye Diagram
—

. : 18 GHz : .
R (Brdharmonic) ..... .................. : 2

| Eve: All Bits

Offset: -0.00089933

i, 5000, 2386660, Total G000 2366660
| "

5 s . )| L L .

-80ps -B0ps
Y:Voltage
po—

T T T

Eye: All Bits
Offset: -0.002519

UIsT8000:2386660] Total 8000:2386660
|

-80ps
Y:Voltage
pr—

T

T

| Eye: All Bits

Offset: -0.0022044

Uls. 8000 23666602 Total. 5000, 2366660
|

-80ps



I Recommended Equipment

The following components are required for performing SAS12 Tx
measurements

= DPO/MSO70K(C/D) Series Oscilloscope with Opt. 2XL or higher
— 12.5 GHz or higher recommended for 1.5, 3, or 6 Gb/s
— 20 GHz or higher recommended for 12 Gb/s

= DPOJET Advanced (DJA) - Prerequisite
= Option SAS3-TSG & SAS3-TSGW (required for WDP measurements)

= Test Fixtures:
— TE-SAS-TPA-R SAS Gen3 Receptacle Adapter (drive form factor) or
— TE-SASHD-TPA-R miniSASHD 12G SAS Receptacle (mini SAS HD 4i/x
cables) or
— Set of TF-SASHD-TPAR-P miniSASHD 12G SAS (Right Side) Plug and
TE-SASHD-TPAL-P miniSASHD 12G SAS (Left Side) Plug (x8)

= PMCABLE1M or equivalent Phase Matched Cable Set (qty: 2)

Tektronjx .



I Thunderbolt Overview

= High Speed Data Bus for PC’s
— Brought to market by Intel/Apple in 2011
— Interoperable with DisplayPort

= Thunderbolt signaling is dual NRZ (64/66b Encoded Thunderbolt
— 10.3125 Gb/s data rate
— It utilizes SFP+ technology with 2 diff Tx and Rx pairs.

<~ PC| Express* == <+ PC| Express =»

Vo <= Thunderbolt™ Cable == 9 )
v T L
DisplayPort = Thunderbolt DisplayPort ==
Data
T Thunderbolt Thunderbolt T
PCle/DP Controller Controller PCIe/DP
Data Data

Tektron/i,xa'v



Thunderbolt Transmitter Test Overview

All measurements are near end with Fixtures fully de-embed.

Requires DisplayPort 1.2 conformance testing

Source Test Suite = DUT Configuration

PHY1.1 — Transition Timing — 1. Bit Rates: (DP1.2) + 10.3125Gb/sec

PHY1.2 — Intra-Pair Skew — 2. Patterns: 8 1’s8 O,S, PRBS-9, PRBS-11
and PRBS-31

PHY1.3 — AC Common Mode RMS
PHY1.4 — AC Common Mode Peak
PHY1.5 — Eye Height

PHY1.6 — Eye Width

PHY1.7 — Max Differential Voltage
PHY1.8 — Total Jitter at 10-12 BER
PHY1.9 — Unit Interval

PHY1.10 — SSC Modulation Frequency

— 3. SSC (Spread Spectrum): On/Off

23 23 Tektron/ix :



Thunderbolt Transmitter Testing
Fully supported in Tektronix’s current solutions /

File | Edit

). DPOJET Plots

e \M\ Tl ek Bealili ﬁ

RESET RESET Pilbl HIM GYHC

-1 0us 0= 10us I -0us Oz

Overall Test Result: 4 Pass Yiew Summary

Description PassFail Mean Std Dev Max Min p-p Population |.J
[+ Height1, Lane0 i/ Pass 404.49mv 0.0000v 104.49my 404.49my 0.0000v 1

[+ Width1, Lane0 / Pass 827.71mul 0.0000UI 827.71mul 827.71mul 0.0000ul 1

[+ Mask Hits1,Laned  (y Pass 0.0000 0.0000 0.0000 1.0287M

[+ TJi@BER1, Lane0 ' Pass 245.04muUl 0.0000UI 245.04muUl 245.04mUI 0.0000U1 1

[#) Height2, Lane1 W/ Pass 390.23mv 0.0000V 390.23my 390.23my 0.0000v 1

[+ \Width2, Lane1 ' Pass 830.45muUl 0.0000UI 830.45muUl 830.45muUIl 0.0000U1 1

[+ Mask Hits2,Lane1  (y Pass 0.0000 0.0000 0.0000 1.0287M

[+ TJ@BER2, Lane1 / Pass 239.17mul 0.0000UI 235.17mul 235.17mul 0.0000ul 1

[+ Freq, LaneD 10.292GHz 208.43MHz 11.865GHz 9.3226GHz 2.5426GHz 1.0287M

Tektron/ix .



Thunderbolt Test Connectivity

The Digital Port Micro is responsible for Test Pattern and general
state control, as well as error polling in the DUT.

Thunderbolt

Thunderbolt Fixture Plug Conn

Micro Controller, UART,
and Power Testing

Board:
8 Low Speed Signal

lines for Control and
Power Testing

Available directly from
Wilder Technologies at

part number.. (10 — Position
640-0503-000 Connector)
(TBT-TPA-UH)

USB to PC

Connection Input Power

for Control Connectors

25 Tektron/ix .



10GBASE-T - Overview

= 10GBASE-T provides 10
gigabit/second connections over
unshielded or shielded twisted pair
cables, over distances up to 100 m.
2.5Gbps per lane (A, B, C & D)

= Baseband 16-level PAM signaling
with a modulation rate of 800
Msymbols per second is used on
each of the wire pairs.

=  Supports full duplex operation only

= Compatibility of Auto Negotiation
enabled to also operate 10/100/1000
BASE-T

= Supports a BER of less than or equal
to 10E-12 on all supported distances
and Classes

= Provides a cost advantage over
fiber

11/6/2013

| |
— T—h : 2500 Mhis :
- -
Hybrid {0 T > )
d | |
-l—(ﬁ:q +— ,
. | |
N | |
—> To— | 2500 Mh/s |
Hylrid —— X .
1 | |
4 {;Fix ] | |
e
I I
— T : 2500 Mbis :
|~ e e
Hybrid [ = > 3T T
e | |
A F ]
) | |
| |
—> T | 2500 Mh/s |
L -
Hybrid S
A I |
" —<Fz:< —] | |
") | |
MDI ,‘“‘\(\9 MDI
9
wett
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XGbT — 10GBASE-T % 32 ¥ il it

Measurement Test Mode XGbT Features / Motes Does XGbT
cover this
measurement?

1 Maximum Sub clause Flexibility to test beyond compliance — XGbT provides the| Yes
output droop 555 3.1, Test | flexability to perform testing beyond what is specified in
Mode 6 |EEE standard 802 3an-2006. It helps users to analyze
their PHY in addition to compliance tests.
2 Transmitter Sub clause Measure Jitter down to just few picoseconds. Yes
timing jitter — 655 3.3, Test | Software Filters are designed and applied an the
Master Mode 2 acquired data automatically while perfarming
measurements.
3 Transmit clock Sub clause Exact value PPM for measured clock frequency is Yes
frequency 55535  Test | provided
Maode 2
4. | Transmitter Sub clause Measure Jitter down to just few picoseconds. Yes
timing Jitter — 55 5 33, Test | Software filters are designed and applied on the
Slave Mode 1 ans acquired data automatically while perfarming
Maode 3 measurements.
5 Transmitter Sub clause Spectral Features of the scope are used to perform the Yes
linearity 55532, Test | measurement, a methodology that is unique to Tektronix
Mode 4. and approved by UMNH-10L
Tones 1-5
B Transmitter Sub clause Spectral Features of the scope are used to perfoarm the Yes
power spectral 55534, Test | measurement, a methodology that is unique to Tektronix
density (PS0) Mode & and approved by UNH-10L
and power level
7. | Return Loss Sub clause Return Loss is not part of XGbT solution for now, Yes™
558 21, Test | however it will finally be released in next version. For
Mode 5 time gap arrangement please request product line for
Feturn Loss utility

2013/11/6

Tektron/ix .



Transmitter Power Spectral Density (PSD) and Power
Level

CESIIES LT

= B B T R B B N T R
{IERT T MR

= DhZA{HMAES.2dBmM~5.2dBmiE il A

TR R 2 N AT AV 2R Y
ENIR £ 18]

= Tk A\Test Mode 5

= |EEE #xif 802.3an-2006, 55.5.3.4% e i e
5.

= Test Mode 5:
1B B

ﬁ TekExpress XGbT-10GBASE-T Automated Solution (Untitled)*

TekExpress launched successfully,

2013/11/6 Tektronix:
/



TF-XGbT Test Fixture

The XGbT test fixture provides easy access to the 10GBASE-T Electrical signals
to perform conformance testing and device characterization as described in of
IEEE 802.3an-2006 sub-clause 55.5.3 & 55.8.2.1. This fixture is used with the
Tektronix’s XGbT- 10GBASE-T Automation Solution to provide fast and accurate
design debugging and validation. XGDbT fixture covers all seven measurements
including Jitter Slave and MDI Return Loss

™
: =
B
=
1l &
- >
.
8
’
v
P -
- -
@
’
o P
2 ~ )
-
G‘ -

Fig 1: XGbT Test Fixture main board Fig 2: Calibration Board

-~
A

Figure 3: RJ45 Shielded Patch cord

11/6/2013 TﬂktmniX”
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I 10G-KR Typical Backplane Ethernet

Transmitter

1. Chip and package ECEDEr

3. Daughter
card trace

2. Package
to board via

—

4. Daughter card
to connector via

5. Connector

6. Connector to

\_bickplane via

7. Backplane
trace

11/6/2013 30 Tektronjw



10G-KR B a4k i3zt 844

.~ TekExpress 10G-KR (Eval

Device : Source : CTS 0.9

Test ¥2.7.1.3_Signaling speed
Acquisitions est ¥2.7.1.4_Differential peak-to-peak output voltage {max)
est ¥2.6.5_Differential peak-peak output woltage {max with Tx disg

est 72.7.1.4_Common-mode voltage limits

Preferences

T _Transition time

L8 Max autput jitter (peak-pealk)

A0_Transmitter output waweform characteristics
1 a_Ooutput waveform coefficient update

S 1 b_Output waveform coefficient status

RIKRRIRIRIRIRIR]

4

Test Description

| 3
The 10GEASE-KR signaling speed shall be é
10.3125 GEd + 100 ppm.

Status Ready |

31 June 5, 2012 Tektronix Confidential 'I‘el(tlno:llixJb
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Testing connection for 10G-KR

32

DUT

P7520 Probe

Ehlie==— = S ={(l

DuT

DC Blocks

Digital Oscilloscope

(o[ee="2] sl (o
[—
CH1
I »
Digital Oscilloscope
| = - |
OO OO0 O
k‘/—\‘\:l Y D
{ ) © Y lee =
— o =EE8
oo™ oy | D
()&~ _©
- 5 IES
2 T <
P11
el & L) 8
O O 0O O
H|@"’E"'J' O] L'[H @E

= A
)

i

June 5, 2012

Tektronix Confidential
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10Gigabit Ethernet Interface Evolution

o XENPAK X2 XFP SFP+ SFP+direct QSFP
Transceiver Transceiver Transceiver Transceiver attach
Form
Factors 4
§ > /
v e
>
10GBE
Standards
IEEE 802.3ae IEEE 802.3ak IEEE 802.3an |EEE 8023aq SFF-8431
SR/LR/ER/LX4 CX4 10GBASE-T LRM SFP+
g
2002 2004 2006 2008 2010

ethernet alliance

Source : Ethernet Alliance

11/6/2013
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Tektronix SFP-TX — Automation & DPOJET Option

K /\/' VL

H MH’

%/!W\ ,,4\\ i

- DuT

S Signal Type Limit
No. Measuremnts Recommended | Min Target  (Max |Units
Host Transmitter output electrical Specifications:
1|Single Ended Output Voltage Range PRBS31 {03 4 v
2|Qutput AC Common Mode voltage (RMS) PRBS31 15 | mVRMS)
Host Transmitter Jitter and Eye Mask specifications
3|Crosstalk source rise/fall time (20%-80%) (Tr, T} 8180 34 05
4|Crosstalk source amplitude (p-p differential) 8180 1000 mv
5|Sianal rise/fall time (20%-80%) (Tr, Tf] 8180 U 0s
6(Total Jitter (p-p) (Tj) PRBS31 0.28) Ul(p-p)
7|Data Dependent Jitter (p-p) (DD)) PRBSI 0.1 Ullp-p)
8|Data Dependent Pulse Width Shrinkage (p-p) (DDPWS) |PRBS9 0,055 Ul{p-p)
9{Uncorrelated Jitter (RMS) (U)) PRBS9 0.023| Ullp-p)
10{Transmitter Qsq 8180 50
11|Eye mask it ratio[Mask hit ratio of 5x10-5 PRBS31 X1=0.1201, X2=0.33U1, Y1=95mV, Y2=350my
Host Transmitter output specifications for Cu (SFP+ host supparting direct
12 |Voltage Modulation Amplitude (p-p) 8180 300 mv
13(Transmitter Qsq Output AC Common Mode voltage (8180 63.1
14|Output AC Common Mode Voltage PRBS31 12| mV(RMS)
15{Host Qutput TWDPC PRBS9 10.7) dBe

11/6/2013

34

ess SFP+ Tx - (Untitled)™

SFP+ Tx : Host : SFF-8431 Revision 4.1

-@@

=[] SFF-8431 Table 11 Output Electrical Specifications at B
[] single Ended Output veltage Range
[] output AC C age

= [»] SFF-8431 Table

2] Test Selection

ias
all Time (20%80%)

E 20%-80%

Total Jitter

Data Dependent Jitter
ependent Pulse Width Shrinkage

Tektron/ix .



I SFP test connection

Digital Oscilloscope

DC Blocks

HCB-Fixture

DUT

11/6/2013 35 Tektmniny
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SFP Eye Mask hit ratio :less than 5E10-5

File | Edit | Vertical | HorizZAcq | Tng | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Ulilities | Help n

<) DPOJET Plots
B8 QaQOx® Wohollelk F BFH0

-200mY

Eye¥AllBS
=S00mVE- Offset: 0.00076105
Uls:4000: 2062464, Total 4000; 2062464
Mask: SFPPEyeMask.msk
-400mV . :
-100ps -80ps -60ps

11/6/2013 36 Tektronix:
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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

— ==
.

[T 71 |

o WL ;
T"]‘ [V W
| |

s T 1
: ;\‘.n“u!”‘%_‘-_‘—_b‘

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

Board

37 16-JUL-2013 Tektronix:
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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
2.5 GTs, -3.5dB
5.0 GT/s, -3.5dB 1. N
5.0 GT/s, 6.0 dB T /F {m\ ['A'\ -
8.0 GTJs, PO = 0.0 -6.0+1.5dB I W B f Y f
8.0 GT/s, P1=0.0 -3.5+1.50B 11 '/Va Vb — VJ N 'l
8.0 GT/s, P2=0.0 -4.4+1.50B . }I 1‘1 J[\, l ! | ’_
8.0 GT/s, P3=0.0 -2.5+1dB | { , fll ST T Y 1 [\J
8.0 GTIs, P4=0.0 0.0dB o 9 ¥ > 7R
8.0 GT/s, P5 = 1.9+1dB 0.0dB — -ttt
8.0 GT/s, P6 = 1.9+1dB 0.0dB De-emphasis = 20log;o Vb/Va
8.0 GTls, P7 =1.9+1dB -6.0+1.50B Preshoot = 20log Ve/Vb
8.0 GTIs, P8 = 1.9+1dB -3.5+10dB Boost = 20logyg Vd/Vb
8.0 GT/s, P9 = 1.9+1dB 0.0dB
8.0 GTl/s, P10 =1.9+1dB Test Max Boost
Limit

38 16-JUL-2013 Tektronix:
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PCIE Dual-Port TX Measurement Example for System

100 MHz
Reference

A

f

| ‘I\
l|

.
B
"'|‘ \I| n |\ \ll\

@ 70.0mV 20.0us & [644.74ns \mm_{zmw | 20.0ps/div 50.0GS/s 20.0ps/pt

AT 100mV  20.0us &P [644.62ns Single Se ' ® . / ’
y T glo Soq ! L& > " < All other lanes

FTT) 70.0mV 2.0ns -653ns -633ns RL:10.0M

aale -
FTT 100mV 2.0ns  -653ns -633ns € s333cH: | ons November 19,2010 13:21:04 BN 3 =N k are terminated

" Curser Controls Source R W|th 50 ohm
ars ars or 3 : , PCl EXpreSS* 3-0 |0ad

Cursor 1 Cursor 2

G ’ - Compliance Data

Tektron/ix .



Automated DUT Control

Control

W 100MHz Burst for

togglin
Oscilloscop 9919
e
pr— CLB
Data with
toggle
switch
Ref Clk

System Board / Mother Board with Multiple
Slots

40 16-JUL-2013 Tektronix:
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TekExpress Automation for Tx Compliance - Setup

.- TekExpress PCI Express - (Untitled)*

DUTID  DUTOD! (#  siothumber 01 Run Analysis on Live or

» Acquire live waveforms Use pre-recorded waveform files Pre-Recorded Data

Sigtestode Compiance | ¥

Versi Specificatio Device T .
e ! ybe Type of test / device
Gen3-30 [v)  [cEM|v] [adsncarg -
selection
Device Profile
Data Rates  Transmitter Equalization Link Analysis -
v/ 2.5Gbis  Setup Test selection
W 5Ghis |v]35dB | 6dB
Selected Presets for Signal Quality
'/ 8Gbis FO,FO1,FOZ,FO3,FO4,FOS FOS, FO7, FOS,FOS P10,
(For the Preset Tests go to Test Selection®)
Voltage Swing §8C Cross Talk
»  Full Swing » CrossTalk (Interleaved)
Reduced Swing Mon CrossTalk (Non Interleaved)
i — Automate DUT control
e
s
U al Vallta lio

Selected Test Lanes |Prompt me if Signal Check Fails | v |
LO,LO3,L07,L11L15

|7 Perform Pattern Decoding

41 16-JUL-2013 Tﬂktl'oniX"”
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TekExpress Automation for Tx Compliance — Test

_,%TekExpress PCI n : v | o

Test Selection

DUT PCle : System-Board : Gen3 - 3.0 : CEM

m Te: reset Test

@-{w] 2 5Gbps

Acquisitions ] 5Gbps

=-{w] 8Gbps

~{w] Unit Interval

4 | Configuration -[Z] Mask Hits (Al Bits)

[ Composit Eve Height

B Preferences ~-[w] Transition Eye Diagram
Mon Transition Eye Diagram
~-{w] Min Eye Width

Min Time Between Crossovers
-] TJ@E-12

-[wr] Dj_dd

RJRMS)

-[wr] Peak to Peak Jitter

Test Description

42 16-JUL-2013
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TekExpress Automation for Tx Compliance — Reports

43

16-JUL-2013

= Unit Interval

L4 Pass
4 Pass

125.0325
124.9625

Mask Hits(All Bits) Mask Hits

Composit Eye
Height
Transition Eye
Diagram
Transition Eye
Diagram
Transition Eye
Diagram
Transition Eye
Diagram
Transition Eye
Diagram

- Transition Eye

Diagram

Hon Transition Eye
(+] Diagram

Composit Eye
Height

Min Transition
Eye Height
Min Transition
Voltage

Max
Transition

Min Transition
Top Margin
Min Transition
Bottom Margin
Transition Eye
Mask Hits

Min Non
Transition Eye
Height

8Gbps POT

8Gbps POT

8Gbps POT

8Gbps POT

8Gbps POT

8Gbps POT

8Gbps PO7

8Gbps POT

8Gbps POT

L Pass
k4 Pass
Informative
L4 Pass
L Pass
L Pass

L4 Pass

L4 Pass

Informative

0.0000 hits

105.7688 mV

107.2269 mV

-0.1264 mV

0.1289 mV

0.0259 mV

-0.0314 mV

0.0000 hits

112.3181 mV

-0.1274 mV

H: 0.0000
hits

L. 71.7689
mv

H.A

L: 599.8736
mv

H: 599.8711
mv

L: 0.0259
mv

H: 0.0314
mv

H: 0.0000
hits
MN.A

L: 599.8726

Tektron/im



TekExpress Automation for Tx Compliance — Reports

Tektron/ix' TekExpress PCI Express

Enabling Innovation Transition Eye Diagram

Add-In-Card Test Report Transition Eye - L ane( 8Gbps P07
Eye Diagram
DPOJET Version : 6.0.1 Build § B
Scope Model : DPO73304D Bt
Scope Serial Number : 5241123
||DUT 1D : DUTO01 SPC, FactoryCalibration : PASS;PASS
||Date}Time : 2013-06-10 17:28:45 Scope F/W Version : 6.7 4 Build 3 -
Device Type : PCle Probe1 Model : TCA292D
TekExpress Version : PC| Express:2.0.0.66 (Beta_Build) Framework:B.U.U.1B_RevD|||Probe1 Serial Number : MN/A
Spec Version : Gen3 - 3.0 [lProbe2 Model : TCA292D
SigTest Version:3 2 0 |||Pr0b92 Serial Number : N/A
Slot Number : 01 [[Probe3 Model : TCA292D -
Overall Execution Time : 0:03:21 |||Pr0b93 Serial Number : N/A R EEEmm o mme s
Overall Test Result : Pass |||Pr0b94 Model : TCA252D Lt
Probed Serial Number : N/A
Signal Source Model : AFG3252
Signal Source Serial Number : C010399 Back To Summary Table
DUT Comment :DUT001

Mon Transition Eye Diagram

Mon Transition Eye - Lane0 8Gbps P07

Test Name:Summary Table

Unit Interval Pass

Mask Hits(All Bits) [[Pass Eye Disgram
Composit Eve Height [lPass e
Transition Eye Diagram "Pass

IMon Transition Eye Diagram "Pass

Min Eye Width "Informative

Min Time Between Crossovers "Informative

mhtml file /X \PCl Express\Reports\DUT081 mht#TJ @ E-12|[Pass 11
Dj_dd ||Inf0rmative

RJRMS) [[Pass

Peak to Peak Jitter ||Inf0rmative

_Unitlnterval_ “ames a1 & &t B2 @1 04 88 85 &7 88 8 1 11 121

Measurement Details Lane Name DataRate Equalization Measured Value Test Result Margin Low Limit High Limit Comments Unkinteraly

Mean Unit Interval Lane0 8Ghbps 125.0090 ps L: 0.0465 ps H: 0.0235 ps |124.9625 ||125.0325

Back To Summary Table

44 16-JUL-2013 Tektronix:
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Basic Recelver Testing

At the simplest level, receiver
testing is composed of:

1. Send impaired signal to the
receiver under test

2. The receiver decides
whether the incoming bits
are a one or a zero

1.

Pattern Generator

with Stress 3. The chip loops back the bit

stream to the transmitter

Error Counter 5 4. The transmitter sends out

exactly the bits it received

5. An error counter compares
the bits to the expected
signal and looks for
mistakes (errors)

45 16-JUL-2013 TEktl‘Oll/iX '



RX Measurement Example for Host

Tx out(Rear)

ATX Power
Supply
(Out)

SI Combiner

From BERTScope Sl o/p (rear) Q

72”
46 June 5, 2012
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USB 3.0 Key Considerations

= Receiver Testing Now 6  Physical Layer
Required
— Jitter tolerance = (oa

— SSC, Asynchronous Ref ——————{m— ——
Clocks can lead to
iInteroperability issues

= Channel Considerations

— Need to consider
transmission line effects

Figure 6-1. Super Speed Block Diagram: Physical

— Software channel

emulation for early
deSig ns Host silicon Tx/Rx Typical Channel topology Device silicon Tx/Rx
A A
= New Challenges [ o M o peice M)
Channel anne evice
— 12" Long Host Channel e
— Closed Eye at Rx o
— Equalization |
— De-emphasis at Tx

- C.0ntinUOUS T|me Source: USB 3.0 Rev 1.0 Specification
Linear Equalizer

(CTLE) at Rx TEktl‘Oll/iX'"



USB 3.0 Compliance Test Configuration

= USB 3.0 is a closed eye specification
— Reference channel is embedded and CTLE is applied

= USB 3.0 Reference Channels

— Host Reference Channel

— 11”7 back panel is applied for device testing
— Device Reference Channel

— 5” device channel is applied for host testing
— 3 Meter Reference Cable

— Used for host and device (except captive devices) testing in addition to
reference channels

= USB 3.0 Reference Equalizer

_

— Attenuates the low frequerg
CTLE '

. -~ |

t of the signal to open thgF===§
Tpy Transmit Channel TP2 h;‘ I_ﬂ‘
]

Measurement “— r~ Reference +—| Reference :[
Tool = SMF’(_}/__ Test Channe - Cable buT

U-026

Figure 6-14. Tx Normative Setup with Reference Channel

Tektron/ix "



USB 3.0 Transmitter Measurement Overview

= Voltage and Timing
— Eye Height
— Pk to Pk Differential Voltage
- RJ
- DJ
- TJ
— Slew Rate

= Low Frequency Periodic Signaling
(LFPS)
— Pk to Pk Differential Voltage

] Measurement Source(s)

— 1 1 Select ‘qu Standard usBe v N oo ronvres
Rise / Fall Time Test Point ... ;f.mw,mpp :..,..z

— AC Common Mode = oy, e e Tk @iﬁssf;::ﬁ

— tBurst “ : PR L - §

Plot: ) Matn2
— tRepeat @
— tPeriod
= SSC
— Modulation Rate
— Deviation
3/11 ©2011 Tektronix 55W-26800-0 TEktl'Oll/iX""



Complete USB 3.0 Transmitter Solution

DPO/DSA70000 Series Oscilloscopes

Go Beyond Compliance Testing
— Debug Suite with DPOJET
— SDLA for Channel Modeling
— Tektronix Super Speed USB

Fixtures

Automation software for

characterization and compliance
— TekExpress with option USB-TX

(includes option USB3)
Recommended Scope

— 12.5 GHz Real-Time Scope
— 50 GS/s RIRAFKIT

Opt. USB3

DUTID DUTDO1
» Acquire live waveforms Use

Version: USB 3.0 SuperSpeed
Electrical Test Spec: 0.9

Select DUT |+ Device Host

waon | Testiioe Comptence v |

Device Profile

Select Test Method SIGTest (USB-IF) DPOJET - Both

Test Point | Compliance (TP1) - Far End |" | Spread Spectrum Clocking

De-Embed |Tx_Device_TF_8G.fit
Embed Host_Channe |_Back_Panel_3M_Cable_12.5G.fit

CTLE USB3CTLEfit

Tektron/ix



Increasing Serial Data Bandwidth

= USB 2.0, 480 Mb/s (2000)
— Shift from slower, wide, parallel buses to narrow,
high speed serial bus

— 40x faster data rate, support for new connectors
& charging

= USB 3.0, 5 Gb/s (2008)
— ~10x faster data rate over 3 meter cable
— Faster edges, ‘closed eye’ architecture

= USB 3.0, 10 Gb/s (2013)
— 2x faster data rate over 1 meter cable
— ‘Scaled’ SuperSpeed implementation

Tektronjx .



Transmitter Validation Example - DPOJET

Recall DPOJET SSP setups

Jitter and Eye Diagram Analysis Tools

Preferences ¥

Standard  |USB v
TestPoint  [EEEDTELT @
TCdr Slew- Tmin-| Pulse- Tmm Pulse-
VTx-Diff-PP
SSC-MOD- SSC-FREQ- SSC-FREQ-
RATE DEV-MAX DEV-MIN

Measurement
TJ@BER1
D501

Eye Height
UsSB UM

USB VTx-Diff-PP

Source(s)
() Math2
] Math1
() Math2
] Math1
] Math
] Math1
] Math1

Eye Height afterCh... || Math3

De-emphasis

Preshoot

500mV

400mV

300mv

200mV

EEICE N E

Wik L BFaOMEE oo

Y:Voltage Height3: Eye Diagram

Y:Voltage Height2: Eve Diagram __ X.Time __ s XTime

400mV |

300mV

-400mV |-

-500mV L«

Overall Test Result: (4 Pass
Description

# TJ@BER1, Math2

(+) DJ-551, Math1

(#) Eye Height, Math2

(# USB UM, Math1

(#) USB VTx-Diff-PP, M...
(+) De-emphasis, Math1 (g Pass 1.3244 74.023m 1.5882 907.24m 680.93m

® Preshoot. Math1 s Pass 1.3608 47.502m 1.5759 1.1950 380.90m
e X A VA

0.0000

= Mask Hits1, Math2 (g Pass 0.0000

Pass/Fail
s Pass
s Pass
s Pass
&) Pass
s Pass

Std Dev
0.0000s
0.0000s
0.0000V
0.0000s
41.718mv

PP
0.0000s
0.0000s
0.0000V
0.0000s
248.00mV

55.784ps
2.8399ps
78.470mV
100.00ps
823.92mV

55.784ps
2.8399ps
78.470mV
100.00ps
956.63mV

56.784ps
2.8399ps
78.470mV
100.00ps
708.63mV 499887
44430
43907

989277
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HDMI Basics

HDMI Structure After 1.4

_______

| Video p
Audio HDMI i = -
Transmitter Video/Audio
¢ Control/Status )
< EDID / HDCP

CEC € CEC
T T
: €
E_Tic__:“‘*'--- HDMI Ethernet Channel
detect HPD Line

AEU 2013 Sol 311-309 HDMI MHL Test Solutions

Tektron/ix*-*



HDMI 4 75 28 -5 g

ET —HDMI -TPA-P

Source DT

Bjoepaa Y (WaH

54

EOID Emulatar
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HDMI Source Testing

Source Cable Sink

Video | Wideo
TMDS Channel O

[ i
TMDS Channel 1
Audic !

| .
|/ HDMI TMDS Channel 2 HDMI Audio
Transmitter

eeeeeeee

{ Control/Status A TMDS Clock Channal 4:> Control/ Status >

< Display |Data Channel (DDC) / E%ﬁ

CEC Line

—Rise/Fall Time )
— Inter-pair Skew
— Clock Duty Cycley oifferential
—Clock Jitter

—Eye Diagram .
—Voltage VL Sl
—Intra-pair Skew [ 7

55
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HDMI Sink Testing

Source Cable Sink

Video Wideo
TMDS Channel O
i

. TMDS Channel 1

- [ i F

Audioc |/ HDM_I TMDS Channel 2 HDMI Audio _
Transmitter Receiver

{ Control/Status A TMDS Clock Channdl 4:> Control/ Status >

< Display Data Channel {(DDC) / E%ﬁ

CEC Line

— Jitter Tolerance

—Min/Max Differential
Swing

— Intra-Pair Skew

— Differential
Impedance

56
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HDMI il 75 22 -8 i (TV/Monitor)

AWG7122B/C AWG7122B/C

. ) Clock
— ——————
- Ext Clock CGenerator  py¢ clock

=

-

e - - - . 2 i -
BGOBBGRBGERNG6GS ; o= ‘; DC out BG0BBGRBGERNG6GG ; % 4. *® DCout
Digital I ¢H1 | |cHz Analog Digital cur | leno Analog
Outputs D S Outputs
Marker Marker
out to i out to .
scope  [E[1#] Tgllg] Bias Genormtor  Scope  [¥H ¥ Bies
2lg| |a| g Voltage 2lg |z ﬂ Voltage
Clock
D1 \

Efficere TPA-P

57 HDMI LLC Seminar 2013/11/6 Tﬂktl'oniX“
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HDMI 1.4 HEAC Solution Configuration

{ Y« GPIB/Ethemet cross-cable
_‘.\ f \‘.
' AWG 5000/AWGT7000/8 DPOT000 or CECICDC controller
paromber CECICDC controller ch ch2 DPO/DSA70000
Analog(+) Analog(+) Ch1 Ch2
oh @ @ @ 8@ (i e @ \ Ij ),
J = —
T @ @ ® J L L1 1/. ﬁ[ A = ,\) =
/ ~<—HDMI cable

éh1 Marker1

/TN J
-« Differential probe

*Use only for SINK DUT test
~«—HDMI cable Power supply

*Use only for SINK DUT test
Power supply

00.00
Lo gep

CEC/CDC control port ~—Differential probe
4 CECICDC
control port

) HEAC- "
> 50 ohm terminators H

Source/Sink
DuT

A HEAGH”

HEAC-TPA adapter / \ HEAC-TPA mai h
main HEAC-TPA main HEAC-TPA adapter

Tx Test Setup Rx Test Setup

58 HDMI LLC Seminar 2013/11/6 Tektronix "
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Tektronix HDMI 1.4a Test Solutions
HEAC Fixtures

Interconnect Cable

TDR-AR
863-0480-00

TDR-CR
863-0481-00

Tektronix-:
/



HEAC Software

\'/?" TekExpress HEAC Automated Solution (Evaluation Version) (Untitled)*

FEile !lew Tools ,ﬂelp

[ Select ‘ Acquirev “ Analyze . “ Report ‘}

Select Device Select Test Suite Yersion
() HEAC-Transmitter (%) Differential-Rx ICTS 1.4 v
(*) HEAC-Receiver ) CommonMode-Rx

() SingleMode-Rx DUT IP Address

| 255.255.255.255)
Auto Detect MAC Address

HEAC-Receiver - Differential-Rx CTS 1.4 | Test Description

- - This optional test verifies the receiver A
»!‘g_e!ggt__l TestName capa_bility to respond to nominal P
Receiver Performance - Nominal Response | amplitude. clock frequency and

5.16 Receiver Performance - Amplitude

5.16 Receiver Performance - Clock Frequency

5.16 Receiver Performance - Signal Source Impedance

5.16 Receiver Performance - Common mode

5.16 Receiver Performance - Worst Case Cable

TekExpress launched successfully.

60 HDMI LLC Seminar 2013/11/6
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Proposed HDMI 2.0 features-Not finalized

= Uses same Cat 2 Cable and HDMI 1.4b connector
= Support 4K 2K 4:4:4 60 Hz — 594Mhz

= Support 4K 2K 4:2:0 — 297Mhz

= Direct Attach device support

= Low level Bit error rate testing

= Scrambling is likely to be introduced for rates >340Mcps.

Tektron/ix .
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Rise time Needs

Table 4-24 Source AC Characteristics at TP1

Item Value

s at 6Ghps

Rize time / fall ime (20%-80%) f attached Sink supports < 340MHz

__T5peec £ Rise time / fall ime

Value

i gitached Sink supports > 3400MHZ and transmitted

TMDS Characte Rate 2 J40MHZ

42 Snsec < Data Rise time / Data fall ime

f attached Sink supports 2 340MHz and transmitted

TMDS Character Rafe ; 40MHz

42 Jpsec £ Daty Rise time / Dats fall ime

T5psec = Clock Rise time / Clock fall time

I5peec £ Clock Rise time | Clock fa time

« HDMI 1.4b, should be capable of measuring 75 psec, but no word about

the System Rise time.

« HDMI 2.0 should be capable of measuring 42.5 psec, but no word

about System Rise time.

» The Error contribution of RT measurement due to System and DUT

generally not accounted when we refer to specification

Tektronjx .
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What is the system bandwidth needed to measure 42.5
(20-80% )psec or less DUT Rise time

System bandwidth should be around (42.5/1.5) 28psec

Scope bandwidth of 16 Ghz and 16 Ghz DSP enhanced probe has System
Rise time of about 23 psec. It can measure the DUT Rise time of 42.5 psec
with error of 1%. And can measure DUT Rise time of 37 psec with error of
7%.

We can indicate Pass or fail confidently only when the System band. width is
close to 16 Ghz scope .

Is it fact for all scope vender ??
— Spec says it should not be less than 42.5psec.
— Max Rise time is limited by Eye diagram slope.
— Both scope and Probe rise time cannot be less or equal to the DUT rise
time because it can measure the signal rise time accurately only if DUT
RT is slower than system rise time by 1.5 X times.
How it is handled in HDMI 1.4b today???

— We recommend 8Ghz scope and 13 Ghz probe, then system rise time is
38 psec which is close 2X faster than 75 psec

Tektronjx .



I Conclusion

= 16GHz BW scope will give 1% error and hence is recommended for
HDMI 2.0 testing.

= HDMI 2.0 RT/FT (20%-80%) data signals is 42.5ps

64
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Source Testing 1.4b Vs 2.0

Eye Diagram test is changed

Rest of the tests is same

1.4b CTS test is a pre-requsite for HDMI 2.0
Min 8GHz scope to 16GHz scope

Fixtures and Probes

AEU 2013 Sol 311-309 HDMI MHL Test Solutions

Tektron/ix .
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Likely Source Electrical tests

Test ID HF1-1:

Test ID HF1-2:
Test ID HF1-3:

Test ID HF1-4:

Test ID HF1-5:

Test ID HF1-6:

Test ID HF1-7:

Test ID HF1-8:
Test ID HF1-9:

Source TMDS Electrical — 340-600Mcsc -V,

Source TMDS Electrical = 340-600Mcsc = Tgise, TealL
Source TMDS Electrical — 340-600Mcsc - Inter-Pair Skew

Source TMDS Electrical — 340-600Mcsc — Intra-Pair Skew
Source TMDS Electrical — 340-600Mcsc — Differential Voltage
Source TMDS Electrical — 340-600Mcsc — Clock Duty Cycle

Source TMDS Electrical — 340-600Mcsc — Clock Jitter
Source TMDS Electrical — 340-600Mcsc — Data Eye Diagram

Source TMDS Electrical — 340-600Mcsc — Differential Impedance

AEU 2013 Sol 311-309 HDMI MHL Test Solutions

Tektronjx .



Source Eye Diagram Test Tektronix Oscilloscope
DPO/DSA/MSO70000 Series

=
Include = 1GGtHZ ]
Reference Cable Emulator (s Le—
and Reference Cable Equalizer_ ERPTEr

0=0<

O aQad

0
0 g

[}

ool

0000
000 00D

B 01D
0 00D
o manD D
0o mi

o]

B3 8 & 35
=2 =N CAP i=

Clk +
Clk -
- SMA Pair Cable
] — | = 4 ﬁ
C e - B R
HDMI Source HDMI Plug Fixture

with EDID Emulator

TIF - Validating Next Generation Display Interfaces Tektronix
/



TP2 Source Eye for HDMI 2.0 6G signal

Offset 0.00021195
Rs:8000: 1180577, TotalS000: 1180577

-800MV  Mask: DataRateS 97GDR IS
-150ps -100ps -50ps Os Sops 100ps 150ps

Single End Input eye rendered at Tek lab

TIF - Validating Next Generation Display Interfaces Tektmnix@
/



HDMI 2.0 Tx Compliance Software

DUTID DUTOO1

()

Device |HDM Physical Layer Solution

Jii}

HDM Physical Layer Solution : Source : CTS 2.0

Suite | Source | ¥ | Version|cTS 20 | v |

1.3 TMDS Inter-Pair Skew
1.5 TMDS ClockDutyCycle
1.6 TMDS Clock Jitter

- Acquire live ) Use pi files

vow

Device Profile

im0 internat [ V]

L Internal

VTerm (V) 3.3 TBit 0.0
Diff Probe

attenuation 0o 12:5 | Y| /| Recalc TBit
SE Probe

Atenuaton 00 (25 |7
Number of Lanes to Test

s tanes |v]

Selected Test Lanes

1.1 TMDS V Low
1.4 TMDS Intra-Pair Skew
1.7 TMDS DataEyeDiagram

Test Description

TMDS Rise Time and Fall Time measurement = é é

ClockDOD1

|

oo
| Test Name
& Clock
1.2 TMDS TRise TFall
1.5 TMDS ClockDutyCycle

1.6 TMDS Clock Jitter

1.1 TMDS V Low
1.4 TMDS Intra-Pair Skew

Do
1.2 TMDS TRise TFall
1.3 TMDS Inter-Pair Skew

1.1 TMDS V Low
1.4 TMDS Intra-Pair Skew

1.7 TMDS DataEyeDiagram

D1
1.2 TMDS TRise TFall
1.2 TMDS Inter-Pair Skew

1.1 TMDS V Low
1.4 TMDS Intra-Pair Skew

| Acquire Status | Analysis Statuu)

Short Record-length for Rise Fall | To be started —

Short Record-length for Clock
Duty Cycle

Short Record-length for Clock
Jitter

Short Record-length for VLow

Short Record-length for Intra-Pair
Skew

Short Record-length for Rise Fall
Short Record-length for Inter-Pair
Skew

Short Record-length for Viow

Short Record-length for Intra-Pair
Skew

Short Record-length for Data Eye
Diagram

Short Record-length for Rise Fall
Short Record-length for Inter-Pair
Skews

Short Record-length for VLow

Short Record-length for Intra-Pair
Skews

To be started

To be started

To be started

To be started

To be started
To be started
To be started

To be started

To be started

To be started
To be started
To be started

To be started

1.2 TMDS TRise
TFall

1.2 TMDS TRise
TFall

1.5 TMDS
ClockDutyCycle
1.5 TMDS
ClockDutyCycle
5 1.6 TMDS Clock
Jitter
1.6 TMDS Clock
Jitter
., 1.1 TMDS V Low
& 11 TMDS V Low

1.4 TMDS
intra-Pair Skew

Clock
Time
Clock Fall
Time
Maximum
Duty Cycle
Minimum
Duty Cycle
TMDS
Clock Jitter
TMDS
VSwing
TMDS
ViLow for
TMDS
Viow for

TMDS
Intra-Pair
Skew for
Clock

168.3498

ps
168.3498
ps
168.3498
ps
168.3498
ps
168.3498
ps
168.3498
ps
168.3498
ps
168.3498
ps
168.3498
ps

38.7089

38.1015

50.01

49.99

40.1239

64.7812

3.2822

3.1738

9.7096

-36.2911

-36.8985

-9.99

9.99

-1.9635

-335.22 &
1135.22

0.9822 &
-0.1822

0.8738 &
-0.0738

-15.5429

— 1.2 TMDS TRise
= Tran

(# 1.2 TMDS TRise
@ 1.1 TMDS V Low

DO Rise
Time

DO Fall
TMDS
VLow for

168.3498
ps
168.3498
168.3498
pSs

60.6379

58.5778
3.4720

18.1379

16.0778

0.8720 &
-0.2720




Tektronix HDMI Protocol Analyzer
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MHL Introduction

Mobile Devica Docking Station HOTV with Stardard
with WML Transmittes with MHL Bridge HOM Recetvar

Source: MHL.org

= Mobile HD Link (MHL) technology is a low pin count HD audio and video interface
that connects portable electronics devices such as mobile phones, digital
cameras, camcorders and portable media players, to HDTVSs.

= The technology allows mobile devices to output digital 1080 Full HD resolution via
the existing mobile connector without the real estate and cost of another
dedicated video connector.

= Together with an MHL-to-HDMI bridge, the MHL-enabled mobile device becomes a
fully compliant HDMI source and can connect to the television’s standard HDMI

in or . -
RI-H Eu Qomertﬂresentatlon Tektron/]x 9



MHL Introduction

: _(
i Vol § 3

= MHL Consortium was formed in Sept 2009
with the following founding members:
- NOKIA
- SAMSUNG
- Silicon Image
- Sony
- Toshiba

< Volage &

Voltage

= The Specification 1.1 version was

announced in Q12011 , Specification 1.2 in Source — Sink
Dec 2011, Specification 2.0 in Feb 2012 e ) :‘>
and Specification 2.1 NOW. e :l\l/
The Consortium released CTS 1.1 version ransmitter eceiver

T tt \l:"i|> R

in June 2011, CTS 1.2 in Jan 2012, CTS 2.0 <jv |
in Sept 2012 and CTS 2.1 is just

announced. o~
COMPLETE TEKTRONIX SOLUTION Ca:liiliw Cajjbm
APPROVED in CTS1.1,CTS1.2,CTS 2.0 Registers Registers

and CTS 2.1 solution

.. . Source: MHL 1.2 specification
= Tektronix is a Contributor adopter and document

actively involved in defining the CTS 2.1. )
MHL Customer Presentation Tektron/]x



Tektronix MHL 2.1 Tx Solution
with Direct Attach test support

/. TekExpress MHL - (Untitled)*

1

|1 DuT DUTID DUTOO1 @

Device |MHL Physical Layer Solution | v |

Test Selection

Suite |MHL Transmitter |1r | Version |CTS 1.3/2.1 |r |

B Acquisitions

= Acquire live waveforms Use pre-recarded waveform files

n Preferences View Compliance | ¥ |

Device Profile

Pixel Mode Termination Source
Both | v | '+ Direct Attach Internal | v |

24 Bits VTerm

Low Data Rate (Gbps) 0.75 Min (V) 3135
High Data Rate (Gbps) 2.22 Max (V) 3.465

Compensation Factor
Packed Pixel MHL+ 1.2
High Data Rate (Gbps) . MHL- 1.2

Signal Threshold

Min{mv) 250

MHL Customer Presentation

Tektron/ix*-*



Tektronix MHL Tx Setup

MSO/DPQ/DSAT0000 Series Digital Oscilloscope

Opfional external
power supply

Power supplied ||

internally fom |« gz

MSO/DPOIDSA
Digital Oscilloscopes

I Tocaus
sink board

bytor02

MHL Differential and CM Test Setup
7 tests

MSO/DPQ/DSA70000 Series Digital Oscilloscope

Optional external
power supply

Power supplied
internally from {0 gz
MSO/DPO/DSA

Digital Oscilloscopes

) ToCBUS T

sink bi:rd VjUS
i ‘\TF-MHL-TPA-P-WOSO
MHL ‘ fixture

Source
DUT MHL Plug
Bgor0t

Single Ended and Intra Pair Skew Test Setup
3Tests

Also same setup is used for MHL Protocol Testing

** C-Bus Sink and Source Board is needed for hand shaking and is available from Simplay Labs

75
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MHL 2.1 Compliance Software for Automated Tx Tests:
Option MHD

MHL Physical Layer Solution : MHL Transmitter : CTS 1.3/2.1

CaD (seectan

| | Test Selection =-[+] MHL Clock

3.1.1.1 Standby Cutput Voltage-YOFF
B Acquisitions 3.1.1.5 Common-mode Output Swing Voltage-V_CMSWING (Lo
32117 Common-mode Rise and Fall Times-TR_CM, TF_CM (H
n Erefereime 3.1.1.10 MHL Clock Duty Cycle in Marmal Mode (High)

3.1.1.14 MHL Clock Duty Cycle in PackedPixel Made (High)
21117 TPZ Clock Jitter in Mormal Mode (Low, High)
321119 TPZ Clock Jitter in PackedPixel Mode (High)
=-[+] MHL Data
3.1.1.2 Single-ended High Level Voltage-VSE_HIGH (Low)
3.1.1.3 Single-ended Low Level Voltages-VSE_LOW (Low)
3.1.1.4 Differential Qutput Swing Voltage-VDF_SWING (Low])
2.1.1.6 Differential Rise and Fall Times-TR_DF, TF_DF (High}

~{w] 3.1.1.18 TP2 Eye Diagram in Mormal Mode (Low, High)

| LJorl 2144 20 TP? Fua Niaaram in ParkedPiral Mnoda (Hinh't
4 UL

Test Description

3
This test confirms that common-mode ocutput i
voltage swing amplitude is within the specified

limits when the source device operates in normal

MHL Customer Presentation TERtI‘OIIiX“
/



Tektronix MHL Solution Setup: Simple and Easy
Sink and Dongle Min/Max Testing -2

Setup based on Direct Synthesis Capability of AWG7122C Series

AWG Sink Min/Max Signal ( CM,SE and Diff) Verification Using Real Time Oscilloscope Test Setup for Sink Min/Max Tests

MSODPODSATO000 Series Digital Oscillos: i
AVIGT000 Series Arbitrary Wavefrom Generator " o0pe AWGT000 Series Arbitrary Wavefrom Generator

AWGTO00 Series Arbitrary Wavelrom Generator MSO/DPODSATO000 Series Digital Oscilloscope
AL Al CHI CH2 T
CHI CH2 Ana nalog 222 S i
An«?:? ASZ‘Z'Q \ S bt clr:? CH2 \ \ Analog Analog = Sooc
\ \ . \ \ AR CH1 CH2
, \ 2 )5A) (5P 5 B ~=—DC out (e <)
DGt L W = 12078 | : L - VHL+ \ = = bC aut
i MHL-| \MH \ TTC Fier ! Jo]t 0000 =—DC ou
raoes | : P7313 SMA \ o : I i PT313 SIUA 12078 !
m o TTC Fiter ‘

Amplifiers : p
P DC Pawer Supply ‘Bias ; iy 1
B = |
S ] Bias Tee :
Bias Tees ! 9 \Amghé | | Bi
w\l ] TF-MHL-TPATT { \‘ '
§ o MHLN M ; ’/ _ ‘

Bias Tee =
vl\ | ‘Bias
‘Valtage s,

Amplifiers )
DC Power Supply

N TF-MHL-TPA-TT

MHLN [, | = A e —

TP ‘ §oo— MHLP o Sk ¥ MHL_N
- /’ / \ Avaus
TF-MHL-TPA-P-WOSI  TF-MHL-TPA-R-WOSI W
TF-MHL-TPA-P-WOSI  TF-MHL-TPA-R-WOSI ot
s 1 4T MHL Receiver
L= put
N
MHL*P / 10 CBus Source Board

MHL fixture
TF-MHL-TPA-P-WQOS| (cootsroon

AWG Dongle Min/Max Signal ( CM,SE and Diff) Verification Using Real Time Oscilloscope
Test Setup for Dongle Min/Max Tests

AWGT000 Series Arbitrary Wavefrom Generator
MSO/DPO/DSATO0D0 Series Digital Osciloscope

MS0/DPO/DSAT0000 Series Digital Oscillos:
AWG7000 Series Arbitrary Wavefrom Generator g Oscilosoope ANGTO00 Series Aty Veveium Generskor
1 cHI cH2 Analog Analog
Analog Analog oHL ez o o o Analog Analog oo CHI CH2
CH1 CH2 \ \ CHI CH2 N = \ )
\ R ; \ o) : =—DC out

o=—DCout { . ) =—DC out e 120PS | | T
| : MHL- - | i ML [ R+ TTC Filter :
120 PS H P7313 SMA 120 ] ~— H
TTCFilter m‘ ’ p7240 Il | PI313 SMA — N P~ I :

Bias Tee | ie'
Bias
V\L INoltage

Bias T : !
jas Tee | Bias Bias Tee Q‘gm"‘:r/s L.
i e iBias
: iVoltage

TE-MHL-TPA-TT
i P/ | MHj L T‘I/‘ Vius
1 97 == A/VDISPLAY

ML Dongle DUT

T

MHL_F/f..‘: B = i |

Amplifis
e MHL-TPA-R-WOSO  TF-MHL-TPA-P-WOSQ

Amplifiers

TF-MHL-TPA-P-WOS0  TF-MHL-TPA-R-WOSO J
MHL'P f

"To CBus Source Board

MHL fixture
TF-MHL-TPA-R-WOSO (e 0eseony

7
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Tektronix MHL Protocol Analyzer
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MIP 175 #HE AL A
2 2 7 HE B S 1)

p

P25 i

}LSI

MIPI Specific Standards

EREO
(TWiMax)

7 )

RFE IC
(WCDMA, GSM,
WLAN, FM, %, RFEDO, 52

GPS, |MobileTV, 5#5%) |\ P 147 v B2 1]

) J

EX

BN
IK=NA3IC
o]
Nk 3
) [ SLIMbus i g
Al . =
, 2 "° st
FMELH e 7
e \ A
£ R 4 PRI, FriERED
\ Y, (ﬁl—lﬁﬁjDDR, ﬁfjj
SDRAM, [H7E, &4)
\4
(W) (SDF)

DS| = B8 8470

CSl = BEhETEO
} SLIMbus = B TRIIEE Fr B B4k 2 28

Tektron/ix --



D-PHY Txil ik 77 % — %2

= INUK A
— ¥ DPO7354E(DPO/DSA/MSO70404/B
—  FH RN R YE +/-5% 1 72 Yo [l N 1Y B FHIF 1] (150ps)
— WAL E A R AR, B PA#EFHDPO7254

= PRk
- BBLERRER
— [ AN v 1 B N 22 40 1 e
— HIARVLHE B >1.2V
— PRSI B
— IXHRLF, 2.5XEEX AT
— HEFE:
— DPO7000% AU RTAP3500 ; MSO/DPO/DSA70000/BF¥ MU R P7240
— (Ch1: D+), (Ch2: D-), (Ch3: Clk+), (Ch4: Clk-)
— TAP2500t & &R E ¥ i 2 ) DUT
— WA PMEA:
— JEECiRsL
— DPO7000%FTDP3500, 700005%%1%H P73xx
— (Ch1: D+, Gnd), (Ch2: D-, Gnd), (Ch3: Clk+ &Clk-)

80 Tektron/ix .




New Opt.D-PHYTX

= Opt.D-PHYTX : D-PHY Automated Solution
— TekExpress option for Fully-Automated testing
— Automation similar to Opt.USB-TX
— Provides Conformance and Characterization Testing
— Based on D-PHY Base Spec v1.0 and UNH’s Conformance Test Suite v0.98.
— Runs on DPO7000, DPO/DSA/MSO70000/B Series oscilloscopes

. . . 8 TekExpress MIP1 Automated Solution (Evaluation Yersion) (Untitled)
= Opt. TEKEXP Is Pre-Requisite
.
pDuUTID |DUTOO
Select | fequie | Analyze | Report

H el w@ne
= Differentiation *
_  Un-parallel Automation (Auto-Cursors/ Regions) || o T
— For Conformance testing to Latest CTS (v0.98)
— Based on Latest Base spec (v1.0) -
= Valuye proposition 73D123§§ZEZZZ?;TJ;T :'“
—  Custom-limits/ Limits-Editing on the fly 3glElZZCti::tgg‘i:aii:ﬁEEIZZETLTESI:‘JJI‘SEZQ’SS] | Deecn
— Test Reports 5 Tekironix

—  Zoom-in waveform captures at the Cursors/ Regions
—  Pass/Fail Summary with Margin details

— Tek 3.5GHz scope is the minimal configuration for accurate testing
— l.e. unlike Agilent 4G scope at entry-level

Tektron/ix .



D-PHY Rx : Test Solution Overview
Simple, Quick, Easy and Re-usable

= 100% Coverage to Rx CTS = PG3A Pattern Generator
— Meets all the requirements in UNH- — Controls clock and signaling to
IOL CTS document (v0.98) establish link with DUT
— Adjusts voltage levels, packet type,
= Quick and Easy setup etc to stress test receiver

— No complex VXI system, just stand AWG7082C Generator

alone instruments, and a probe. — Adds jitter and interference to the
D-PHY signals

Cost effective solution
— 70% Lower list price vs Competition

Re-usable for Protocol tests

— PG3A is the Only 4 channel
solution for CSI &DSI test (&=

% Recommended Setm

= [AWG?OSZ

\4

:fij e* D'PHY
— Coupler* DUT
] A
| P331
| resace
*These Moving Pixel products are available as Tektronix part
number -
- - ektronix-




D-PHY Decode: Opt.SR-DPHY for DSI/ CSI-2 Decode

Simultaneous Acquisition

= Probe using Analog, Digital or Mixed
Channels

= Simultaneous probing of DSI &CSlI
using MSO channels

= Working on multi-lane support,
using high performance MSO digital
channels

= Supported on all 7KC, 70KC and
MSQO70K scopes. (Win7-0OS only)

- Optlon key blt #25 &'&F‘FF"‘W”"‘P‘ 00 R 3 A B AR il L

= Software installed as part of | | | —~

TekScope firmware v6.1.2.4 or later.

— Browse to TekScope Menu --> Vertical --> Bus
Setup --> Select Bus Type as Serial-- > Select
MIPI DSI or CSI from the drop down list.

R047 G048 B147

......
aaaa

Dig

ital Clock, Analog

Data
Tektronjx .

Probe using Mixed Channels



Memory Technology — Quick Overview

= DRAM - dominant memory technology = DRAM variants
—_ Computer System memory — LPDDR - Low Power DDR
- Server, deskltopl, laptop | — Power savings for portable
—  Dynamic, volatile memory, plug-in DIMMs .
— Embedded systems computl_ng
—  Cell phones, printers, cars — GDDR - G_rap_hlc DDR
—  Fixed memory configuration — Opt|m|zed for Speed - faster
— DRAM driven by faster processors, faster data access

rates
— DDRS3 now available at 1600 (1.6Gb/s) data rates
—  DDRS3 2000 emerging soon (overclocked)

Tektron/im



Automated Test Setup

DDR Analysis

Step #1

Step #2

[] Data Eye Width
[] 10H-Ditf(base)
[] 1DH.SE(base)
[[] toasH
[]wasL
1DS.Diff(base)

CCiharn)

Choose measurements (Read / Write / CLK / Addr & Command)

ektronix’
/



Effective Reporting / Archiving

— .
Jitter and Eye Diagram Analysis Tools : Measurement Report Tektronix

October 16,2009 10:17.54 Al

+» Setup Configuration
Oscllloscope Version 436BuldS
DPOJET Version 240Buid 41
Status Pass

» Measurement Configuration

Min  |90886ps |  [B4375ps [T

creps : 'i.., o k)f*’?%«'mu ‘r\viﬂa‘e
':?.m e "Of, Max. 1ms, Min: O, Cu -

Edges => fm Level Migh, To Level M, SlemTocNm DDﬂSInmoTnMwolFm = Fl Spoc No

Mu F2 Spec No Fiter | General => Measurement Range Limsts: O, Max: Os, Men: O3, Custom Source Name DO

ronix
Inno

Tekt 2013/11/6 86 Tektmnix@
/



Installation Process

Socket on Memory Memory Chip
Component Interposer ] Memory Component

\ — Interposer
Memory socket on Board under test
target with guide — r'd

posts . !

Tektron/ix-*



BGA Chip Interposer for Oscilloscopes

= Available in socket and solder-in versions
— Socket design allows for multiple chip exchanges
— Solder-in best for single use

= Recommended probes: P7500 Series
— P7504, P7506, P7508, P7513A
— 020-3022-00 TriMode solder tips for Nexus Interposer

Tektron/ix*



IVisuaI Trigger and Serial Decode

= Next generation designs have less
margin and additional analysis must be
done to pinpoint in on pattern dependent

ISsues

— NEW! Visual Trigger qualifies hard to define
trigger events

— 8 customizable shapes for capture of real
signal behaviors

= Electrical and Logic layer are merging
and requires simultaneous analog and

protocol views

— NEW! 8b/10b Serial Decode
— Trigger or Search on decoded traffic

— Compare to analog views to speed up time to
answer

g Tekt Tﬂktl'on/ix :

ronix
Conf



I Triggering Techniques for Debugging DRAM

= Challenge: Dual-Rank System
= Need to Isolate & Measure a Single Rank
= Difficult to isolate data bursts from one rank only

o  Tek Tektron/ixw

Conf



I Triggering Technigues for Debugging DRAM

= ‘Visual’ Trigger Used to Qualify One Rank

= Visual area (“keep-out” region) used to exclude
low-amplitude signals

= Eliminates lower-amplitude data bursts from rank 2

“After” gating with visual trigger

91 Tekt Tﬂktl'ﬂn/ix :

ronix
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High-Speed Serial Data Test Solutions...

o
DGlzes Al Ntsgm === < GbE DisplayPort HOMI MHL ...

TIX +_+_\Interconnect AL INERX

System Integration
Digital Validation & Debug

Receiver Test
Margin
Testing

Probing

Fixtures Interconnect Test |

SR | T
& [Tj,u‘l Fsl

Sampling Scopes Compliance Test

Compliance Test Software

92 2013/11/6 Tektronix:
/
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