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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)
— 10.3125 Gb/s data rate
— It utilizes SFP+ technology with 2 diff Tx and Rx pairs.

<=~ P(C| Express* = <= PC| Express =

o <+~ Thunderbolt™ Cable == - Vo
JIJ T Jov
DisplayPort == Thunderbolt DisplayPort ==
Data
T Thunderbolt Thunderbolt T
PCIe/DP Controller Controller PCIe/DP
Data Data

Tektronix-
/



I Thunderbolt Electrical Validation

HDMI 1.4.2B

-
10B0p-480p De=ap C?S"HEAC' MHL

Tektronix DPOJET
Thunderbolt .7 MOI

v

h.

SATAUTD 1.4.3

_|
\ﬁ SATA 3.0Gbps SATA 6.0Gbps
.

Manual Test q

( N

Thunderbolt (.7 Spec Thunderbolt
Revision) (future Interop)
10.3125Gbps
4 B
Display Port DP1.2
- N N I
RBR (1.6Gbps), HBR (2.7Gbps) HBR2 (5.4Gbps)
- AN A //
N P P

DP++

Tektronix DP12
Full test
automation

Tektronix HDMI
HT3/HEAC/MHL
Full test
automation

Tektronix SATA
TESGEEATA-RSG
Full test
automation
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Dual Port Device Compliance Test Summary

= Physical Layer Testing ®= Functional Testing

— (Rev 0.7 Spec) — Thunderbolt Functional CTS
TBT Transmitter MOI Rev 3.0.1
TBT Receiver MOI 1. ROM Validation
TBT Return Loss MOI 2. Basic Device Functionality

3. EFI
DP Source MO 4. Downstream Device Functionality
DP++ (HDMI) Source MOI 5. Downstream Display Functionality
Power Delivery MOI 6. Extended Test Functionality

7. Complex Topology

8. DUT Specific Verification

9. Negative Testing

10. Firmware Update Validation

CTS — Compliance Test Specification
MOI — Method of Implementation (Test Procedure)
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Single Port Device Compliance Test Summary

= Physical Layer Testing * Functional Testing
— (Rev 0.7 Spec) — Thunderbolt Functional CTS

TBT Transmitter MOI Rev 2.4 (|B_|— 488434)
TBT Receiver MOI - ROM Validation

. Basic Device Functionalit
TBT Return Loss MOI o Y

1
2
| 3
Power Consumption 4. DUT Specific Verification
S
6

Negative Testing
Firmware Update Validation

CTS — Compliance Test Specification
MOI — Method of Implementation (Test Procedure)
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Power Delivery Testing Setup

Host Computer

— Oscilloscope

(

’cm ch2
P P

Ch2: Current /
Probe Ch2: 10X Passive

Probe

o B Thunderbolt
s Al GND Cable
/ 7 Downstream
/ E’u?n Self or Wall
W ne Powered
DUT 1 / NC N N Device
.‘ ! +(E m' /“
//‘/\ﬁ -Blue (Rx0) 531} Blue (Rx0}
) SN ¥ e R e R
P —— 4 SISO - - N (- ~ :
T wuw | - - White—[TXQ)G:m White (Tx0)" =
— - + . R i
EEYetow (Tx1) SEdO  veliow TR \
Thunqerbolt \ Thunderbolt
Plug Fixture Receptacle Fixture
8ea. F-F
SMA Adapters
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HDMI Test Setup

= DSA70804C or higher

= SMA Differential Probes
— Provides 3.3V bias

= HT3 HDMI Compliance SW

= Mac or equivalent tool used
to control downstream port
on a 2 port device

= Both ports tested

Wilder HDMI
EDID Board with
Pin-1 (HDP) shorted

==
1 e e
D ~ﬂ.":§+::_{"._'{-_‘;_-,-;_ e
te Pin-2 (VCC) AR e . S
| ) e———

X

s
‘I‘é Whike [CLFY

T
p = Green (DO}
ot
5 Red (01]
P—
h T Yellow(D3)

Host Computer (Mac)

w - Thunderbolt Cable

pDuT

—L
~

it

Sk
| |

Wilder HDMI Known Good
Plug Fixture DP++ (Dual Mode) Adapter

Oscilloscope

jlrl r _]

| 4 ea. P73135MA

Differential Probes

- Setto 3.3V Termination
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I Example of HDMI Passing Results

» Test Summary

Index | Test Name Lanes Spec Range Meas Value | Result
1 7-9 : Source Clock Jitter CK Clock Jitter = 0.25*Thit; | 0.08*Thit

2 7-10 : Source Eye Diagram CK - DO | Data Jitter = 0.3*Thit; 0.12*Thit

3 7-10 : Source Eve Diagram CK - D1 | Data Jitter = 0.3*Thit; 0.12*Thit

4 7-10 : Source Eye Diagram CK - D2 | Data Jitter = 0.3*Thit; 0.1*Thit

5 7-6 : Source Inter-Pair Skew | D0 -D1 | Skew < 0.2*TPixel; 0.007* TPixel

6 7-6 : Source Inter-Pair Skew | D1 -D2 | Skew < 0.2*TPixel; 0.012*TPixel

T 7-6 : Source Inter-Pair Skew | D2 -D0 | Skew < 0.2*TPixel; 0.005* TPixel

8 7-4 : Source Rise Time CK 75.00ps < TRISE; 220.23ps

9 7-4 : Source Rise Time Do 75.00ps < TRISE; 208.34ps

10 7-4 : Source Rise Time D1 75.00ps < TRISE; 210.28ps

11 7-4 : Source Rise Time D2 75.00ps < TRISE; 223.47ps

12 7-4 : Source Fall Time CK 75.00ps < TFALL; 212.71ps

13 7-4 : Source Fall Time Do 75.00ps < TFALL; 219.38ps

14 7-4 : Source Fall Time D1 75.00ps < TFALL; 208.07ps

15 7-4 : Source Fall Time D2 75.00ps < TFALL; 254 .07ps

16 7-8 - Max Duty Cycle CK - - Error
17 7-8 : Min Duty Cycle CK - - Error

» Waveform/Plot

Source Eye Diagram : CK - D0

875m
Results
——-——-‘—;—~——"—"—___ Mask Test ’
l : l ‘ Mask Hits 0
S Vswing 957.60mV
T
b Thit 1.3837ns
=
3
Data Jitter 165ps
1 Bl Mask
-875m ) i : i : _JFail
0.0 = Time(s) 2.71n
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Automated Thunderbolt Tx Testing

T “Dhihite [TX0)

- .
‘ +
s YelaW TR \ "
ok —
[ roeclue (Rx0] = e

- +
M S cresntrn

Oscilloscope

(TBT-TPA-P) Adapter

BertScope
RF =~
Splitters )
X 2 &
—
— < ‘a )

Wilder Thunderbolt Plug

« DPO/DSA/MS071604 (= 16 GHz BW)
« BSA125C (crosstalk source)

N e 4 - Option DJA (DPOJET)

* Option TBT-TX (TekExpress)
* TF-TB-TPA-P (Plug fixture) &

[. \1 TBT-TPA-UH (port microcontroller)
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Option TBT-TX
Compliance Automation Software

= Automates scope setup & compliance
measurements per the Tek Thunderbolt MOI

= Fast test execution
= Simultaneous two lane testing
=  Automated DUT state control for devices
User-selectable tests

Creates complete test report

llllll

Device Profile

PPPPPP

nnnnnnnnnnnnn

eeeeeeeeeeeeeee
LLLLLLLLLL
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Thunderbolt Transmitter Testing

= Step 1. Select Measurement Setup

.- TekExpress Thunderbolt -

DUTID DUTOM

= Acquire live waveforms

View [Comptarco |
pewce [Device |7

Device Profile

o

Use pre-recorded waveform files

Pattemns
W 5Q32

'+ PRBS11

'+ PRBS31

Number of Lanes to Test

2Lanes |v)

Selected Test Lanes
LaneOLane

Tektron/ix@



Thunderbolt Transmitter Testing

= Step 2: Select Measurements

' 2 | Test Selection

3 | Acquisitions

n Preferences

=-{M] Thunderbolt Tx

PHY 1.1_Unit Interval (min) measurement

-] PHY 1.2_S5SC Spread Deviation

PHY 1.3_SSC Modulation Frequency measurement
-Jw] PHY 1.4_S5C Phase Deviation

-[w] PHY 1.5_5SC Phase Slew Rate

PHY 1.6_Total Jitter (TJ1) measurement

PHY 1.7_Total Jitter (TJ2) measurement

PHY 1.8_Total Jitter (TJLF) Low Frequency measurement
~{w] PHY 1.9_Eye Width measurement

PHY 1.10_Eye Height measurement

~Jw] PHY 1.11_Mask Hits measurement

-Jw] PHY 1.12_Rise Time measurement

~Jw] PHY 1.13_Fall Time measurement

PHY 1.14_AC commaon mode voltage Peak to Peak

2l P IW A4 A5 Mimds Cinesedsed lidee mensses mesed

Test Description
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Thunderbolt Transmitter Testing
=  Step 3: Configure Acquisitions

.- TekExpress Thunderbolt -

Lane Source
Lanel+ CH1
Lane0- CH2

a— @ Acquisitions

<]

Acquisition and Save Options

-

Test Hame Acquisition
PHY 1.15_Data Dependent Jitter meas

Lanel : PRBS11
PHY 1.16_LUJ RJ measurement
PHY 1.15_Data Dependent Jitter meast

Lane1: PRBS11
PHY 1.16_UJ RJ measurement
PHY 1.10_Eye Height measurement
PHY 1.11_Mask Hits measurement
PHY 1.4_33C Phase Deviation
PHY 1.5_S3C Phase Slew Rate

FHLIAW A O e VAol wmn i m oo e

Lanel : PRBS31

I_ Show Acquire Parameters
I_ Acquire Step By Step
Signal Validation

|Use signal as is - Do... | v |

Save All Waveforms Before Analysis

Analyze Immediately - Mo Waveforms Saved

Save and Analyze Acqguisition In Seqguence

Tektronix-
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Thunderbolt Transmitter Testing
= Step 4: Start Tests and Generate Report

Overall Test Result: ., Pass

Test HName Pass/Fail Data Rate Details Walue Margin

» CIECT I I N I A N

PHY 1.1_Rise Time 10.3126G 5064 SSC 58.4744 36.474 a

€3] s Pass 20pspt-FALLTI

sdlaUnitgain

PHY 1.3 _Intra Pair 10.31256G 5064 S5C 7.74603 7.746
[+ Skew Test Informative 10usdiv
20pspt-SKEW

Status Stopped.

— measurement = 10usdiv o
3] ) Pass 20pspt RISETI = =
ME -4 [x][& s 2
PHY 1.1_Rise Time 10.3125G 5064 SSC 130.53667 108.537
measurement 10usdiv
] ) Pass 20pspt-RISETI T
ME B
Tniomative | A
sdlalinitgain [ 0 0 - =0 Yes i |f
RN i E
PHY 1.2_Fall Time 10.31256G 5064 S58C 32.37729 10.377 E =10 Yes <1 Hin
— measurement P 10usdiv - R Yas tbn
“ s Pass 20pspt-FALLTI = e T
ME EEFIER B Ver EL
s 2007 er T
PHY 1.2_Fall Time 10.31256G 5064 S58C 758012
measurement 10usdiv
+) X Time
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I Test Challenge: De-Embedding _
Transmitter Compliance Testing

= Host/device compliance point at TP1 (mated plug/receptacle)
= De-embedding required to remove fixture effects

= S-Parameters are acquired from calibration fixture

Signal at TP1 Measured Signal Apply S-Parameters Signal with Fixture

Effects Removed
DUT Test Fixture\< ) SXeesen)

/ Tektronix-
7




I Thunderbolt Fixture De-Embed results

- Measurement Results
Description Mean Std Dev Max Min p-p Population Max-cc Min-cc
Height1, Math1 {',' ETD.EQm@-ﬂD-DW 370.29mV | 370.29mY [ 0.0000V 0.0000% | 0.0000v

Current Acquisition | 370.29mV |0.0000V | 370.29mV |370.29mV | 0.0000V '0.0000V |0.0000V
Height2, Math3  <{Z0550my:30.0000V 405.59mV 405 59mV |0.0000V 0.0000V | 0.0000V
Current Acquisition |405.59mV |0.0000V |405.59mV |405.59mV |0.0000V 0.0000V | 0.0000V

0.0000s |0.0000s
'0.0000s |0.0000s
0.0000s | 0.0000s
0.0000s |0.0000s

TJ@BERT, Math1 {19.175p5.4 0.0000s 19.175ps |19.175ps |0.0000s
Current Acquisition | 19.175ps _{J_ﬂﬂ-[]ﬂs119_1?5ps 19.175ps (0.0000s
TJ@BER2, Math3 *m_n_ﬂmusj?_maips 17.304ps |0.0000s

Current Acguisition (17 .304ps |0.0000s 17.304ps |17.304ps |0.0000s

| el el | el | i i e | o

. Pass/Fail Summary No pass/fail limits are currently selected.

- Plot Images
. Measurement Plot(s)
S0 ' Weltags Hesigghat1: Eya D it o Tiivsi @ BT ol age Hiziglil 2 By DNasgiais . T E
EDDTY * GO0y *

e
FECA VR IS
ol

Tps
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Test Challenge: Crosstalk
Measuring Bounded Uncorrelated Jitter (BUJ) is Critical

= Interconnect and board layout technology is advancing and the
greatest area of focus is in reducing the insertion loss and Signal-to-
Crosstalk ratio.

= The implications of complex channel interaction can be observed and
identified by examining the type and amount of BUJ.

= There is a strong Cause—and-Effect relationship between Crosstalk
and BUJ which often gets classified as Random if special steps are

nOt Observed Table 4-6. Stressed Receiver Conditions
Symibol Description
Total Mon-Periodic Uncorrelated Jitter COF: NPBUJ(1e-12) = 67.12ps; RJdd = 3.976ps
T T T T T
Input swing Inner eye voltage
. . . . . . . . . AC-CM_rms AC Commen Mode
R ABRRE S . "SLE R S IR SO s SEREE S Voltage rms
'_3', : : : : : : : : : AC-CM pk pk AC Commicn Mode
I e e e e et - Jeis it St et I /-\ Valtage pp
po : : : v : V7 : : :
- L P L i P I P P ] BLD Bounded Uncomelated
; i : T H H R r f Jitter
' ' ' T ' I ' ' '
H b H
) . '1|_» ----------------------------------------- —
: i} : H (518} Data Dependent Ftter
TN R TSN U | SN ISR NSO SN SR SO 0 Random Jizar
; ; ; ; ; ; ; ; ; T Total Jitter
8 | I I I I I I I I
100 80 60 -40 20 0 20 40 60 80 100

Time (ps) Tektron/ix\‘%



BUJ in real time jitter analysis

RJ RJ-DD

Random Deterministic

- T

I\‘
i)
N |
BUJ DDJ DCD

Bounded Data- Duty Cycle
Uncomelated Dependent Distortion

/ \
NPJ PJ

Non _ o
Periodic Periodic

P (2=N
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C

TJ@BER1, Mathl

=
i

BUJ In Thunderbo!t example

'=~=-=='-__.'___.»______,,..--"'

=/ 42.0mV
1 acqs

Man

TI@BERL, Math1

9.9087ps

J@BER1, Math1

10.105ps TJ@BER1, Mathl 11.159ps
RJ1, Math1 506.04fs RJ1, Math1l 694.31fs
PJ1, Math1l 3.6968ps PJ1, Math1l 2.8264ps
DJ1, Math1l 3.6968ps DJ1, Math1l 2.8264ps
NPJ1, Math1l 881.89fs TIE2, Math1 -25.694fs
TIE2, Math1l 55.789fs Rise Slew Ratel, Mathl ]9.2843V/ns
Rise Slew Ratel, Math1l |9.2627V/ns

10.315ps

|| s.0psidiv  s0.0GSIs

1 acqs

Man

RJ1, Math1 556.41fs |RJ1, Math1 680.95fs
PJ1, Math1l 2.6685ps |PJ1, Math1 1.7365ps
DJ1, Math1 2.6685ps IDJ1, Math1 1.7365ps
NPJ1, Math1l 592.92fs TIE2, Math1 44.029fs
TIE2, Mathl 89.108fs Rise Slew Ratel, Math1l |9.3228V/ns
Rise Slew Ratel, Math1 ]9.2542V/ns

|[ 4.0psidiv s0.0GSIs

20.0psipt
Single Seq
RL:2.0M
September 02, 2011 17:51:00 | |

20.0psipt
Single Seq
RL:2.0M
September 02, 2011 17:47:09 | |
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DPOJET M WA FH a7 /7 21 £l s ik 1 A

= “ONE Touch” % =1 a4 % 1t
B, EMEEE, THEES
e, — 8 52 Bt
— HESE R R B

— HEAH S 5 257 (clock 2k data)

— R A TE R B RS R

— EHMIRSH

— ABEERENTH (F P E )

— HEh IR H S5

— HBFERERNM T ERER

= “ONE Touch” #0715 T

FEIMEE AR . BB S
SHR BT, EERNLS
5 I T i THT !

scope | Analyze | Utilities | Help |

Fl—]
=

3
s 00 Search...

Mark...

USB2.0 Test Package

RT-Eye Serial Compliance and Analysis

Ethernet Compliance Test Software

Jitter Analysis

Ultra Wideband Spectral Analysis

Jitter ai r OneTouch Jitter ]

Power | Serial DatalJitter Guide. .

SO0mY . ..........
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DPOJETM NN & 27 Z 18k T &

Jitter and Eye Disgram Analysis Tools

- WRNBRTEESH, Gt [
A ] A0 25 i) e & 0 @D @D @b
o SRR R BB o
7l — =X
— Tektronix® K] £L5l 7 R 1Y —
— Dual Diracg}al 73 #1# 5 (PCIE2.05K r—
SEXEIED
— b AR A S E e R
o 2] [EEFER99N 0 B

» Partial List of Measurements \\

Period/Frequency Measurements  Frequency, Period, N-Period, Cycle-Cycle Period, Positive Width,
Negative Width, Positive Duty Cycle, Negative Duty Cycle, Positive
Cycle-Cycle Duty, Negative Cycle-Cycle Duty

Period!

L

Time Measurements Rise Time, Fall Time, High Time, Low Time, Setup, Hold, Skew
Amplitude Measurements High, Low, High-Low, Common Mode, T/nT Ratio, Differential
Crossover

Eye Diagram Measurements Eye Height, Eye Width, Width@BER, Mask Hits

Jitter Measurements TIE, RJ, DJ, TIBER), PJ, DCD, DDJ, RJ(o-0), DJ{g-a), Phase Noise

22 2012/11/8 TEktl‘ﬂll/iX®



DPOJET M1 — SSCill

= SSC (Spread Spectrum Clock)

— SSCHWIZN T NS w8 Xt
B RGEMIFTHL, RHABARNES
ZEP et TEMIA S, [ EEAE—
BOWE N, T NEMI

— HEIRATH SR ECRH T
SSCH¥#1T

— SSCMREL R 2 21 1] i & LA
N AR A5 fE Y B SR

= SSClllly, FFEXTDPOJETM
= H$}3) (clock/data period) 34T
ICiE e . WiDisplayPort, JEJ
PRIE2B . HE TR 1.98M B 3 R

[=qn)

DisplayPortH SSCIl i Hh i3 #5 1) % &
Tektron/iX@
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Storage Timelines and Solutions Development

2008 2009 2010 2011 2012 2013 2014
Public 8G (Spec 3.2) SATA-Express
Spec 6G 6G Deployment Phase Deployment Phase
Release
Draft »
Slr?ZC | >

6G Integration Phase
| |

Commercial Gen3

Gen 3- Silicon Phase
| |

product 8G SATA-Express Integration Phase
Prod deployment. [ |
roduct
IW#9/PF#14  IW#10/PF#15
D 1 t foai o IW#11/PF#16 IW#14/PF#19
evelopmen Taipei 11/16 Mll([:))!l;t/als6CA e /03/23 Taipei 03/03

SATA I0 Unified
Test Definition
1.4

First official
testing of Gend
products in June

IW#13/PF#18 ‘ ‘

Milpitas CA 10/14

0

SATA 3.2 First
Interop SATA-
Express

Public SAS3 first Spec 1oL sAS (12)
spec  “6C Deployment Phase Draft Interop
Relkase ;
Draft | — |
Spec ] .
6G Integration Phase Comrélercial 0 Int@gration Phase 12G Deployment
[ | product

Phase

(}en 2- Silicon Phase

deployment. Gen 3 (12Gb/Sec)

—
- Silicon Phase

SCSI Trade
Association Gen2 |
Plugfest (UNH IOL)
STA test
specification of
SAS released.
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12G+ Design Problem:
1000mV, FFE, Crosstalk, DFE, 50mV

Crdosstalk 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)
P(:B s‘ubless/ e L CTCT ST (I5~60 ('m) llllll / packnge

stub vias Megtron6 /
} Nelco4000-13

Power

supply CLK| (24 layers, 4.7 mm)

PC

LPT2

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

Ti?-kll‘ﬁllj)(‘



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
R sampling clock
{ tants

(U]

(]
N/

Vertical

eye opening at
target BER

|
UL

S
| Probability of signal occurrence

Amplitude
%) Reference sampling
clock instants
—
e ——
0 sz
e —— /\
e
q_%‘
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.
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Test Challenge: Crosstalk
Measuring Bounded Uncorrelated Jitter (BUJ) is Critical

= Interconnect and board layout technology is advancing and the
greatest area of focus is in reducing the insertion loss and Signal-to-
Crosstalk ratio.

= The implications of complex channel interaction can be observed and
identified by examining the type and amount of BUJ.

= There is a strong Cause—and-Effect relationship between Crosstalk
and BUJ which often gets classified as Random if special steps are
nOt Observed - Table 4-6. Stressed Receiver Conditions

Symibol Description
Total Mon-Periodic Uncorrelated Jitter COF: NPBUJ(1e-12) = 67.12ps; RJdd = 3.976ps
T T T

Input swing Inner eye voltage

____________________________________________________________________

AC-CM_rms AC Commen Mode
— Voltage rmis

'_3', AC-CM pk pk AC Commicn Mode
& e e s — A Voltage pp
o : ; ; i ; A ; ;
| I S A P IS S Y U AU N S | BL] Bounded Uncomelated
: : : : v : : : Jitzer
5-------7------1' --------------- '1|_» el Moldlhoil —
: i} : H (518} Data Dependent Ftter
DN SRR RSP SN SO SOV U SO S o Random S
; ; ; ; ; ; ; ; ; T Total Jitter
g | | | | | | | | |
100 80 60 -40 20 0 20 40 60 80 100

Time (ps) Tektrnnjx



I SAS3 EYEOPENING provides 4 different metrics

1.

Relative Vertical Eye Opening: A direct indication of how much
margin there is after equalization

— Takes into account un-compensable ISI and crosstalk

— ISl and crosstalk broken down in report

Main Cursor Amplitude: A direct indication of the amplitude after
equalization
— Assumes 800 mVppd max. TX launch amplitude, unless data is captured

Maximal FFE correction: A direct indication of how much FFE
correction is required by the transmitter
— Max(abs(Cpre/Ccntr,Cpost/Ccntr))

Maximal DFE correction: A direct indication of how much DFE
correction is required by the receiver
— Max(abs(DFE/Main))

Source: T10/11-234r1

Tektrnnjx



SAS-3 PHY Transmitter Solution — Option SAS3

SAS3 12 Gb/s Tx Test Software

Standard SAS 3 ¥
Test Point (seiup)
CM PosTCursor
Spectrum PHY LTS Equilizer CM RMS
- w w W
PreCursor
SSC DFDT VMA Equilizer

0

Common Mode Spectrum Measurement

TestO0 |Parameter Conformance Min/Max

5.1.1 Maximum Noise During OOB IDLE <120 mV

5.1.2 OOB Burst Amplitude > 240 mV

5.1.3 OOB Offset Delta +/-25 mV

5.1.4 O0B Common Mode Delta +/- 50 mV

5.2.1 SSC Modulation Type Center-, No- and Down-spreading

5.2.2 SSC Modulation Frequency 30 kHz < SSCfreq < 33 kHz
+/- 1000 ppm (center),

5.2.3  [SSC Modulation Deviation 0 ppm (no spread) or
+0/-1000 ppm (down)

5.2.4  |SSC DFDT 850 ppm/us

Physical Link Rate Long Term

5.3.1 Staybility & +/- 100 ppm

5.3.2 Common Mode RMS Voltage <30 mV

533 Common Mode Spectrum Mask Below Spectrum Limit Lines (0.1

Hits to 6 GHz)

5.3.4 Peak to Peak Voltage 850 mV < Vpk-pk < 1200 mV

5.3.5 VMA >80 mV

5.3.6 Rise Time > 20.8 ps

5.3.7 Fall Time > 20.8 ps

5.3.8 Random lJitter 0.15 Ul (12.5 ps)

5.3.9 [Total Jitter 0.25 Ul (20.8 ps)

5.3.10 [SAS3_EYEOPENING >55%

5.3.11 |Pre Cursor Equalization 1 V/V < Rpre < 1.67 V/V

5.3.12 |Post Cursor Equalization 1 V/V < Rpost < 3.33 V/V

B T comman mads voltage spectral Measurement.

=q=

LRO9R | 0E

and Eye Diagram Analysis Tools.

3 CMSpctim 2nd Wi (#Pass 49406 o T
4 CM Spetrm Frdl Fre_. () Pass 14076 0.0000 14076

Overall Test Result: s Pass

49406

Tektronjx :



SAS-3 PHY Transmitter Solution — Option SAS3

= Automated transmitter validation for 12 Gb/s SAS physical layer
specification

* Integrated SAS3_EYEOPENING measurement for accurate analysis
of ISI and crosstalk effects and relative vertical eye opening after
reference equalization

= Easily reconfigure existing measurements to create user-specified test
parameters or test limits

= Multiple plots and measurement configurations provides a quick
comparison of the same acquired data with different settings

= Simultaneous two lane testing of primary and secondary ports

= Detailed test reports with screenshots, setup details, and pass/fail
limits

Tektrnnjx



Beyond Compliance

= How much margin is there in my design?

= How many DFE/FFE taps are needed to meet the system budget?

= What is longest channel (cable/backplane) the system can tolerate?
= How does process/voltage/temperature affect device performance?

1m cable

Tektron}x :



I SDLA Overview
Receiver Equalization

= Embedding the compliance channel or probing at the RX pins often

results in a “closed” eye
— The goal is to see the signal inside the Rx where the decision O or 1 is
made by the comparator (aka the “slicer”).

= SDLA allows the user to insert different Equalizers (CTLE, FFE, DFE),
then observe at the ‘virtual’ Rx.

Enable RX Equalization ...

NP 1 =
N N—s| - > - N—» 6P

O
Equalizer

13

Pre-Emphasis

Transmitter - . Receiver
Performance RNYSIRYAE - * W% Performance
"! ... observe the eye opening. m

3 11/6/2012 Serial Data Link Analysis Tektronix



SDLA Overview

= Oscilloscope Source: Waveform from probe/scope
= De-embed Block: Remove fixtures, cables or channel elements
= Emphasis Block: Add or remove emphasis
= Embed Block: Add channel elements
= RX Model: Clock Recovery, CTLE, FFE/DFE
= Test Points: Virtual probe points (TpA, TpB, etc)
= Analyze: Measurements, Eye Diagrams with DPOJET
Complete visibility and analysis at multiple test points throughout the link

Bl Tektronix Serial Data Link Analysis —ee l&
Tektronix @ View © GPB [ Help || Paper | About]

< Test Setu, - —_
Oscilloscope B 2) (Ra)

Source % - — $
1 Q) O] Clock
cht v - '-‘[ : =~ — - v - Clk|

Bit Rate (Gb/s) )
=

s *) cnena |

Avg l > = Equalizer ‘ Tpo|

Setup block menus and press Apply.

3 11/8/2012 Serial Data Link Analysis



SAS Receptacle Test Adapter

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

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

Tektrnnjx



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

Tektronjx :



Validate Equalizer

Analyze Raw Waveform
= On the scope, use cursors to measure the low frequency content of
the signal on the acquired waveform (Math 1)

= In this example the low frequency content of the waveform is
approx. 61smV

| @om 98.8mV 4.0ps T 98.8mV 4.0ns  127ps 1.31ps

T 98.8mV 4.0ps AT 92.8mV 4.0ns 127ps 1.31ps
#TH 98.8mV 4.0ps

AT 93.8mV 40ns  1.27ps

uuuuu

& 319, '
P (-295.539mV
T | 615.473mV_ |

: ktrnnjx



I Validate Equalizer
Analyze Waveform After CTLE

= Based on the CTLE that was applied, we expect a 60% attenuation
In the low frequency content after the CTLE

= This can quickly be verified, note the low frequency amplitude is
approx. 240mV

129.32mV

Curs2 Y Pos (i)
-113.52mV

AR ||
|| ”ww‘u m '| mi J“ ‘ .

- w Y

| @ 98.8mv 4.0ps T 98.8mV 4.0n 1.2Tps 1.31ps Immf
AT 98.8mV 4.0us FTTY 92.8mV 4.0ns  1.27ps 1.31ps
@ 98.8mV 4.0ps
TP 93.8mV 4.0ns  127ps 1.31ps

& [129.323mV
113523mV
-242.846mV_ ||

: ktrnnjx



Validate Equalizer: Analyze DFE

= Both waveform and eye diagram views of the signal after DFE are
available

= The example shows validating the effects of DFE on a scope

waveform

— DFE will open the eye by approx 2 tlmes the tap value
— Highgh Sk 166mV, which is

o g | Display | Cursors | Measure | Mask | M Sei
R 1 T T 1 I R 1 o 7 |
2 i .
" Curs1 Y Pos &)
R4

7503mV. B8

Curs2 Y Pos {3y
91.23mV

Y
|\ M

\ /
Al Al A /
\ ! f
* " i ‘ / | ! fi a /
1 \ 4 I
\ } LY AV AV
\
I‘ Y

|
/

[ lhl |I\‘|
i
|‘ I

| Ty
\ "\‘I JI u‘l‘ I‘“I lhs" l‘-u‘l

17 1 SRS S ST S SN, SN | SN SUN | S U ' L ' S | S '

?5 025mV
91127mv
a7 98.8mV 8009 1.29ps 1.3ps 155_252"1\,!
| @D 34.5mV smnp 12915 1.3ps )

Previ
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43

Complete System Visibility after Link Analysis

After the waveform transformation is complete only SDLA/DPOJET provide
simultaneous assessment of the signal at each point during the post
processing stage to validate the effects

File | Edit ‘ertical

.} DPOJET Plots

Height3: Eye Di
T pe——

S P R S M o e e e

500mY L

Os 50ps

Mask Hits1: Eye Diagram

Overall Test Result: (4 Pass

1, Description PassfFail  Mean
89.628ps
(+) VTXA, After DFE s Pass 158.13mV
(*) VTXA_d, After DFE (g Pass 162.46my
() PCle VTx-Diff-PP, A... (J Pass 325.62mv
() PCle VTx-Diff-PP, B... (4 Pass 1.0402v
(+) Height3, Before Ch... 688.60mv
(+) PCle T-TX, Before C... 101.70ps
(+) Height4, After Chan... 0.0000v
(*) PCle T-TX, After Ch... 0.0000s

0.0000v
0.0000v
69.257my
82.920mV
0.0000v
0.0000s
0.0000v
0.0000s

11/6/2012

S00my

158.13mY
162.46mY
478.65mv
1.3260V
688.60my
101.70ps
0.0000v
0.0000s

Lttilities

158.13mY
162.46mY
192.98mv
783.00mv
688.60mV
101.70ps
0.0000v
0.0000s

Help H

Height4: Eye Diagram

0.0000V
0.0000v
285.68mY
543.00my
0.0000v
0.0000s
0.0000V
0.0000s

100ps
X:Time

153648
154592

Tektronix:
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Emerging Requirements

= As data rates increase, new requirements are necessary for link
analysis tools
— Removing effects of test equipment in the context of the users DUT

— Measuring at the pins of the transmitter or receiver while removing
reflections caused by impedance mismatch

— Allowing modeling of the DUT in absence of S-Parameters
— Accurate modeling of silicon specific equalization algorithms
— Plots and visual tools to validate the model

= Contact your Tektronix Account Manager for more details on how
Tektronix can address these needs...

- N
B SDLA Visualizer e S

SR: 50GSis

| Tp11 Tp12

Bit Rate Gb/s
6

4  11/6/2012



I Recommended Equipment

The following components are required for performing SAS12 Tx
measurements

DSA/DPO/MSO70K(C/D) Series Oscilloscope with Opt. 5XL or higher
(Min. 20 GHz BW, 225 GHz recommended*)

DPOJET Advanced (DJA) - Prerequisite
Option SAS3

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 TE-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)

Tektrnnjx



SERIAL

AiA

Serial ATA PHY Validation

i——

Tektron/ix**



Basics of Serial ATA PHY Testing

 Configure :  Acquire
@ * Calibrate Validates |8 Analyze

e Save data
» Scorecard

Real Time Osciloscope
Signal Source ?
CHA CHY 4 & T Senwl ATA Avtomted Soken el
" cH2 Ho Vew Tok b
0
TR oUTOD! L) 4 ¥ L) W T T W T =
NOTE %5621 5Gbs andy poquet il out cousmn ) L
Seocl | Acque | Andyes | Reomt NOTE Fora 360 product M ol cOlmn L Some 1 SG'S 12sulls s aiso raduwed |
oT NOTE  Any go ek ae g
y Dive | PHY-TSG-008 - SATA Gen JUTO 1.4A8 I
I
nae | Vanes
1 sstuct
+ P G T m Wi o e I
+ m T3 S in
§ m= T e i - I
e - 5
3 s s i 653 = m | » |
° M) ™ =
T T T
" - e s 2 f n Lo
) £ 5
oo | s | o | o
[ema | pon | o 3
SATAFa DR+ DR- DT DI+ : i =
U KTe KT MR HRe H= i)
b TiE T oen i
ices; = -
£ - T i o
= S = ot
T :
e AT T TR T 73 o
Vit Lt e = a3 i
Yive EeEtis L e
| % s e e T3 U Y
(SATADUT) 2 e 3 —
= - C2 - - o =
e o ey o ) B]
(=3

Tektronix-



SATAUTD 1.4 TSG/PHY/OOB Measurements

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

Tektronix:
/



AWG Device State Control

Real Time Scope

DPO72004B [ GRPIES:T:INSTR )

Auto

BIST-L initialization by -

Set zcope scale, rezolution and zampling rate EUSt':""f' Uti“t_.'r' S
: ; O peration without A%/ G -

Set wertical scales automatically ||z Defined Batch Scrint “

BIST-L walidation required Alvans

Mumber of times &G iz tumned OWAOFF for putting OUT in BISTL mode 2

Harizantal scale for PHY-TSG BIST-L acquizition [us/div) 4

Rezolution for PHY-TSG BIST-L acquisition [ps/pt) 20

008 walidation required

First time arly

DUT control a significant challenge
=  BIST-L (loopback) required for

compliance

AWG has a successful track record of

DUT control

= |nitiates loopback while seamlessly
transitioning to Tx/Rx testing

3" party tools available (Drivemaster,

serial port control)

AWGT102 - Drive_6G_PreTestDW2.
m rive_6G_Pre’ awg

T

File Edit View Settings Tools System Help

Gen2 30kHz 62_55)

D10_2710_24Gs
-align_32_24Gs
-sync_256_al2_24Gs
-sync_256_al2_24Gs
-sync_256_al2_24Gs
-r_rdy32_24Gs
-align_32_24Gs
-r_rdy32_24Gs

B
S

Gen2 30kHz 62_5sj
HFTP

- 2000
0 RSG03-2a-4A-10MHz-...
RSG03-b-2A-33MHz-...
I RSG03-b-4A-33MHz-..
S RSG03-c-2A-62MHz-....
[0 Gen3-FCP-2A-Clean

Gen3-FCP-2A-1Em

20 Gen3-FCP-4A-Clean

Gen3-FCP-4A-1Em

bl
w
o
E
2
e
=
=
T

[indexNo | Cn 1 Wavetorm | Wart | Repeat | —Event Jump To
n z 5j 10

B Total Time : 222 Current Running

100 BIST-L
0 Initiator
z Sequence

Infinite St ress
Patterns

Infinite

Tekironbc

l_l
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I The SATA Ecosystem: Now

Today, SATA is expanding in
specialized low power, compact
and high performance areas with
BGA and SATA-Express Solutions

recently approved by SATA-IO.

==V
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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, ora
x1 PCle cable

PCle Conn.

Keys that reject the SATA cables



Enabling the New SATA Express Ecosystem

Desktop Cables Concept

= SATA devices will coexist with next

PCle CabJe generation PCle devices

=  SATA cost/performance benefits

= Requires a connector that supports both

Existing SATA Cable PCle and SATA

= Allows a single motherboard (backplane)
connector to support both interfaces

HDD-compatible form factors to be

defined for PCle devices

PCle Cable _
= Enables system-level mechanical

compatibility

= Preserves high-capacity storage

SATA-IO CabCon has been chartered to
PCle/SATA Conn. develop SATA compatible connectors and

form factors for PCIle SSD/hybrid drives
PCle Conn.

Tektronix:
/



SATA Express = PCle PHY Layer

= TX Test parameters
— Voltage
— Package Loss
— Transmitter Equalization
— Jitter

= NEW Ref Clock Spec definition
— Independent Ref Clock model
— 2n Qrder transfer function for SSC harmonics attenuation

Jitter and Eye Diagram Analysis Tools

A, Measurement Source(s) a

Apply to AlF
Txa | Mam uetiod
|FLL — Custom BW

VTXA ) Math1

VTXA_d ] Matn1 PLL Model ! oon BW Damping
SATAX VTx-DIfl-PP | Math1 Type |l v oop 730m

]

Mask Hits1 L) math1 + JTF BW

TIE1 ) Math1 e
SATAX UM L] math1 10MHz
TJ@BER1 ) Math1 Loop B/ = 20.219M 6

DJ-551 ﬁﬂatlﬂ * Copiesthese clock recovery settings to other measurements

Tektronix:
/



Clocking Architectures — PCle vs. SATA

= SATA
— Supports SSC
— Embedded clock

= PCle

— Three different synchronization methods

— Forwarded Ref clock

— Data clocked Ref clock

— Separate Ref clock
= Client PCle application

-> no need for "refclk™

* PCI-SIG proposal under review

 E——

A

——

Tx
PLL

< Ref clk #1

RxEq

L A
F
CDR

F 3

Rx

Ref clk #2

PLL

Independent Ref clock model for SATA Express

Tektrnnjx

+ | Rx latch f—o—p



Tektronix Solutions for SATA Express Measurements

Cursor: Measure | Mask Utilities | Help

= DPOJET-based SATA oo e
EXxpress setup (requires S T
option PCE3) V.. .

200my

= Support for Base/CEM W 1 :
spec measurements VAW AR |

Y:Voltage Height2: Eye Diagram X:Time 'Y:WoltageMask Hits1: Eye Diagram  X:Time
e e 800mY )

= Supports all versions of . _— ~

PCI Express and '
includes SATA Express . —

Description Pass/Fail  Mean Std Dev Max
- - > (#) T_TXA, Math1 s 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 UI1, 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 4]

Tektronix:
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SATA Express Signal Access

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

=  Similar dimensions but different
pinout N
NN\? N
WS

= 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/

Tektronj X"



Simplifying Design, Debug and
Validation of MHL Signals

Tektron/ix**



Tektronix is a Contributor Adopter for MHL CTS

Welcome MHL Adopters
BizLink Technologies, Inc.

Cable Assemblies and Wiring Harnesses
Compal Electronics Inc.

Electronics manufacturer of notebook computers and monitors
Explore Microelectronics, Inc.

Fabless company developing high-speed interface ICs
Fairchild Semiconductor

Delivers semiconductor solutions for power and mobile designs
Hosiden Corporation

Manufactures and sells electronic components, electromechanical parts and LCD elements
Johnson Component and Equipment Co., Ltd.

Cable Manufacturer
Niketech Electronic Corporation

Provider of connectors for the electronics industry
Parade Technologies, Inc.

Develops and supplies advanced and cost-effective high-speed display interface solutions
Sumitomo Electric Industries, Ltd.

Designs, manufactures and sells cable and components and advanced electronic devices
Sunplus Technology Co., Ltd.

Provider of multimedia IC solutions
Sure-Fire Electrical Corporation

Global OEM/ODM supplier of cables, connectors and devices
Synopsys

electronic design automation (EDA) software, IP an
Tektronix

est, measurement and monitoring solutions
Y ic Co., Ltd.

Manufactures power cord sets, LAN cable, patch cords and networking accessories

5 Tektron}x-


http://www.bizlinktech.com/
http://www.compal.com/
http://www.epmi.com.tw/
http://www.fairchildsemi.com/
http://www.hosiden.com/
http://www.jcecable.com/
http://www.niketech.com.tw/
http://www.paradetech.com/
http://global-sei.com/
http://global-sei.com/
http://global-sei.com/
http://www.sunplus.com/
http://www.sure-fire.com.tw/
http://www.sure-fire.com.tw/
http://www.sure-fire.com.tw/
http://www.synopsys.com/home.aspx
http://www.tek.com/
http://www.cables.com.tw/

MHL Introduction

Mobide Devics Docking Station HOTV with Standard
with MHL Transmitter with MHL Bndge HDOM Recstvar

= 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 input port.

5 'Ibktronjx



MHL Signal Complexity

= MHL Consortium was formed in Sept

>

Single-Ended Waveforms

2009 with the following founding
members: m
- NOKIA 2
-  SAMSUNG Wi com
- Silicon Image — -
- Sony
oS
= The Specification 1.1 version was 5 I Fﬂ;
announced in Q12011 and ol UL ™
Specification 1.2 in Feb 2012.
The Consortium released CTS 1.1 e e A

version in June 2011. CTS 1.2 is just Ve
announced.

COMPLETE TEKTRONIX SOLUTION
APPROVED in CTS1.1 and CTS 1.2.

= Tektronix is a Contributor adopter and
actively involved in defining the CTS.

Voltage

VC-’VL Low

\j

Time

Tektronjx :



MHL Compliance Software for Automated Tx Tests:

Option MHD

¥

2 Test Selection

B Acquisitions

4 | Preferences

B . [v] MHL Clock
i v| 3.1.1.1 Standby Output Voltage-VOFF
. (| 3.1.1.7 Common-mode Rise and Fall Times-TR_CM, TF_CM
- 3.1.1.10 MHL Clock Duty Cycle 24-Bit or Packed Pixel Mode
: . | 3.1.1.11 MHL Clock Jitter
B . [v] MHL Data
. v| 3.1.1.2 Single-ended High Level Voltage-VSE_HIGH
3.1.1.3 Single-ended Low Level Voltages-VYSE_LOWY
3.1.1.4 Differential Output Swing Yoltage-VDF_SWING
3.1.1.5 Common-mode Output Swing Voltage-¥_CMSWING
3.1.1.6 Differential Rise and Fall Times-TR_DF, TF_DF
-[+] 3.1.1.8 Differential Intra-Pair Skew-TSKEW_DF
3.1.1.12 MHL Data Eye Diagram

Test Description

This test measures that the MHL source output ZI
voltage is within the specified level limits when

the source device is in Standby State or power off
mode as specified in the CDF.

Tektronix:
/



Tektronix MHL Solution

= DPO/DSA/MSO 70804B/C Series Real Time Oscilloscope with BW = 8GHz
= MHL Compliance Software — Option MHD

= [nnovative MHL Protocol Software from Third party — TEK-PGY-MHL-PA-SW
= Probes — P7313SMA (two) and P7240 (one)

= MHL Test Fixture — Available from Tektronix.

= AWG7122C with Opt 01,02 or 06 and 08 for the innovative direct Synthesis
based MHL Rx/Dongle testing.

= AWG7122C based Sink and Dongle Protocol tests( manual method)

= C-Bus Sink and Source board is needed and is available from Simplaylabs

= DSA8200 or Equivalent with 8OE03/80E04 and I-Connect Software for MHL
cable testing ( performed manually using MOISs)

Please contact local Tektronix account managers for further details.

6 Tektrnnjx



Innovative MHL Protocol Analyzer
Solution

Introducing Tektronix’ MHL Protocol Solution

Tektron/ix**



Tektronix MHL Protocol Analyzer
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Tektronix MHL Protocol Analyzer:
Seamless PHY and Link Layer Testing

PGY -HDMI Protocol Analysis Solution - Beta (All features are not completely implemented and tested) - [Bus Viewer] E]

@
x [E8

0
PR

Frame

@& @ 9
r

pr—

Data Island Data Guard Band

ERaass " Control Period Data Unknown
: I I | N Active Video Video Guard Band ™ Control Period Video

60010101011/ C2B :h1. 4 b1001110001/74B:hD. ¥ b1001110001/T4B:hD

600101010114 C2B th1 {  bO100110011/GEB X bd100110011/GB

60010101011/ C2ZB :h1. 50100110011 /GE 5 50100110011 /GB-

| 72 start > W) @ HDMIScre... | (& untitled- ... 68 gimp-2.6 ~ &6 2 HDOMI-... ~| I8 2 Micros... = | [8] Inbox - Mi... Search Desktop | 2 B ° ’{/.5,-55\'1:"

-
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Tektronix MHL Protocol Analyzer

Frame

011 fC2B h3

011§ C2E6 :h1l

1007 C2B -ho

010100-0010101011

Naiooodidgio gl 1og1iledr 1jg11 11001 1\0 oo

Result

Quantizacion

Wideo Quantization Error —

Video Quantization Error —

Quantizatcion

Line Pixel Messaae Type

=] i ] >

CheckSumsa ~]

¥1-~¥0 o3<0o ~
: 82 02 OD =

SBO __: 1A 00 0O 02 0O =]

18 01 54

Display values in: 1o
Tvpe DO Data D1 Data D2 Data
Video Gu... |hzcc niss nzcc
Video Gu... |mzcc niss nzcc
Active V... hiFO hiFO hilFO
Active V... h10F h10F h10F
Search Desktop == 2

|




28G T H =i B AT 2098 85 B Rl ik

ey

Tektron/iX®

Tektronix:
/



I RX/TxHk fi%
. Bk

— Z #0125 Gbl/s - 28 Gb/str#E(IEEE802.3ba 100GBASE-*R, OIF CEI VSR,
MSR, 32GFC)Z3k 200 fsZk il & #1300 fsZk 2 5tBERT+Scopefz 5, LIf
S FL 2 1 B A B o (RXFITX) B 14 AE

o GNP E BRI T R
— ATH ST B ORISR T d 0 B e e T R B SRAN A R B IS R A A
AR EIARFBERTHIA, PAFAIRITEE R ABCEIE, W100GBASE-LR4
YL R8T
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