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HDMI — System Overview

Source Devices Cable Assemblies
| | | e |
N Reeeptacle—--: :---P-Iug -------------- Plug - - : I-Reeeptacle------------:

= Set-top Boxes, DVDs, = Cables = TVs, Monitors,
Repeaters, Gaming Repeaters, etc.
devices
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HDMI v1.4 Specifications and Compliance
Test Specifications — What's Changed

= Compliance Test Specification

— CTS1.3c announced on July 25t 2008 — Approves Direct Synthesis method for Sink testing
— CTS1.4 - Awaiting release

= Key improvements in HDMI v1.4
— HEAC ( HDMI Ethernet Audio Back Channel)
— Automotive HDMI ( Type E)
— Support for micro HDMI connector for mobile devices (Type D)
— 3D HDMI and 4K x2K patterns support.
— New Deep color patterns support

= Updated testing requirements

— New 2.3dB equalization mandated for cable tests and Sink tests for Automotive HDMI
(Type E)

— Mandatory 3D and 4K x 2K pattern support

— Included Direct Synthesis Solution in CTS1.3c

Tektmnjx-
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Tektronix Brings Domain Expertise to HDMI Test

= Unequaled domain expertise
— Providing leading HDMI test solutions since original HDMI spec introduced

= Portfolio of solutions

— Signal generators, real-time oscilloscopes, compliance test software, TDR, sampling
oscilloscopes & probing

= Cost effectiveness & Flexibility

— More affordable upgrade path from previous HDMI test systems
— Flexible test configuration

= Reduce test time
— Automation of the more challenging tests
— Four-lane Sink Intra-Pair Skew Test

Wideo Wideo

TMDS Channel O
I | -
TMDS Channel 1
B I |- [ Aodio
Audic e HDMI TMDS Channel 2 HDMI Audio
I/ Transmitter Receiver
o ControlfStatus 4 . TMDS Clock Channel 4> Control! Status 2

< Display Data Channel (DDC) EDID
]

CEC Line
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HDMI Source Testing

Source cable Sink
< Display|Data Channel {DDC) I\ EDID
CEC Line !/ o
—Rise/Fall Time )
— Inter-pair Skew
—Clock Duty Cycle p pifferential
— Clock Jitter
—Eye Diagram y
—Voltage VL sinald.
- ended
— Intra-pair Skew
Tektronix
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Typical Source Test Configuration
- Differential Measurement

Introducing 4 channel support for

Differential measurement leveraging
%>> DPO/DSA scope capability
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Typical Source Test Configuration

- Single-ended Measurement

8

Introducing 2 channel support for SE
measurement leveraging DPO/DSA

scope capability

Source DUT
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Terminate unused fixture connectors with 50
ohms after pulling them to 3.3V using Bias-Tees
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Recommended Tektronix Equipment
for HDMI Compliance Testing per CTS V1.3c

9

More detail at

Tektronix:

HOME

SUPPORT

Recommended Test Equipment for HDMI Compliance Testing per CTS
(Compliance Test Specification) V1.3c

HOMI Source Test

Dscilloscope

Other Supported
Oscilloscopes 2

Softiare

Frobes
TestFixures
Power Supply

Connectar

2009-9-28

D3ATOZ304B, DISAT1254B, DSAT1604B or DSATZ0048 with Opt 2¥L, or DPOTO3048,
DPOT12548, DPOT16048, or DPOT20048 with Opt 260

TOSES04B, TDSE1 240 and TDEE154C
TOESHT3 — HOMI compliance software (option HT3) (suppart for CTS %1 _3b requires

software Wersion 3.3.0 ar highery. Suppart for CT241.2b1 and suppoart of 4-channel
measurement requires software Version 4.0 or higher)

P73135MA differential A probe - use for all differential and sinale-ended measurements.

ET-HDOMI-TPA-STH - HDMI Type A fixture set for Transmitter Test.
3.3% poweer supplyt

Bias-Tees to terminate the unused fixture ports with 50 Ohmes after pulling the DC of the
Bigs-Tees to 3.3V, Order individually as Z485-12G-5+ from Mini-Circuits*

Tektronix Innovation Forum 2009
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HDMI Sink Testing

Source Cable Sink
< Display Data Channel (DDC) I\ EDID
CEC Line !/ —
— Jitter Tolerance
— Min/Max Differential
Swing
— Intra-Pair Skew
— Differential Impedance
Tekironix’
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Sink Testing
Jitter TOlerance TeSt (: Introducing margin test capability for SJT

with Max of 0.5TBit Jitter for Cj and Dj

Test sequence has been simplified
— Requires fewer iterations to complete a test (eliminated Djw procedure)
— CTS1.3c adds TP2 testing

Supports two alternative methods of jitter injection

— Standard Jitter insertion method
— Combines both clock and data jitter components and modulates them both on the clock
signal
— Minimum test requirement of CTS - HDMI customers
— Optional Jitter Insertion method
— Modulates clock signal only with clock jitter component
— Modulates all data signals with data jitter component

Tektronix’ HDMI compliance solution supports both methods

— The standard method is supported at minimal cost using an AFG3102 or AWG710/B for
customers who already have them

— The new AWG7102 with Option 01 supports both methods

Tektmnjx*
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Jitter Generation with DTG & AWG7102
- combined clock/data jitter

27 MHz to 340 MHz

DTG5334

AWG CHL1 - Sub-rate (1/10 data rate) clock modulated
with both clock jitter component (10 MHz/7 MHz) and
dat éltter component (500 KHz/1 MHz)

MK1 - Full rate clock to DTG

?
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Jitter Generation with New Equipment
- separate clock/data jitter

27 MHz to 340 MHz AWG CH1 - Sub-rate (1/10 data rate) clock modulated with clock
jitter component (10 MHz/7 MHz)

AWG CH2 - Full rate clock to DTG modulated with data
jitter component (500 KHz/1 MHz)

———
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Recommended Tektronix Equipment
for HDMI Compliance Testing per CTS V1.3c

= More detail at
Tektronix:

HOME

FROD APPLICATI

Recommended Test Equipment for HDMI Compliance Testing per CTS
(Compliance Test Specification) V1.3c

HDMI Sink Test

Oseilloscope

Other Supported
Oscilloscopes " *

Software

Frobes
Data Generator

Other Supported
Diata Generators®

Jitter Generator

Other Supported
Jitter Generators

TOR Systemn

Connector

Cahles
Adapter

Interface

Powver Supply

Filters

14 2009-9-28

DEATOS04B, DSAT1254B, DSAT16048 or DSAT20048 with Opt 2L, or
DROTOB04E, DPOT1 25648, DPOT1604B, or DPOT 20048 with Opt 230

TDERBO4E, TDERT24C and TOSA154C

TOSHT3 - HOMI compliance software {option HT3 for DEADPO, support for CTS %1 .3b requires
software Yersion 3.3.0 or higher. Support for CTSY1.3k1 and support of 4-channel
measurement reguites software Yersion 4.0 or higher)

P73135MA differential SMA probe - use for all differential and single-ended measurements
DTGS334 with (3) DTGM30 modules

DTGS274 with (3) DTGM30 modules can be used butwill anly suppart HOMI testing at limited
resolution and clock/data rate

AMNGT1I28 with opt 01 - supports both standard (combined) and Optional iseparate clockidata)
jitter insertion rmethods

AF133102 - this support only the standard (cornbined clockidata) jitter insertion method
DEAB200 with ¢1) B0E03 and {1) B0E04 module {for SIMNIK Differential Impedance test)

Bias-Tees to shift ANGT1 228 direct clock output to TMDS levels. Order individually as ZXB5-
12G-5+ from Mini-Circuits

Tektronix SMA cables {174-1428-00)
BMC to ShA Adapter (0145-0554-00)

MFGPIB-USE -ABMHS with Driver Software from Mational Instruments. Tvioe BHS is
recormnendied for use with DRCYDSATO000 Series oscliioscapes

Power supply 54

Transition Time Converters fram Picosecond Pulse Labs

Ordering information:

Clock Speed Rise Time Filter Part Number
27 MHz 430 ps 4915-100-430PS
T4.25 MHz 430 ps A915-100-430PS
1484 MHz 200 ps 4915-100-200FP5
222.75 MHz 120 ps 4815-100-120PS
335.00 MHz Mo filter required

Please note that 5315-100-0x type filter has Fermale connectars (ack) on bath input and output
sides. One Male-dMale (plug-plug) adapter will be needed for each TTC unitto be connected to
DTS output or cable emulator unit directly. Unit with difierent shape of connectors Fermale-Male
ack-plug) is available by ordering as 5915-110-00, but will be less flexible in connection.

1set

1set

G zets
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Introducing Direct Synthesis HDMI Sink
Solution- Now approved in CTS1.3c

Tektmnjx*
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Present Solution
- HDMI Sink Jitter Tolerance setup

10
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Arbitrary Waveform Generator
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No Hardware Cable emulator
No Hardware TTC filters
Synthesize directly using the next gen DS method
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DUT
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Signal Generation Solution
with Direct Synthesis

= HDMI requires more channels and more complex waveforms
— HDMI Configuration is two AWG7102 units plus AFG3000

= DS for all tests requiring TMDS Signal Generation
— Cable Eye Diagram
— Sink Jitter Tolerance
— Sink Min/Max Differential Swing Tolerance
— Sink Intra-pair Skew

Source Eye Diagram .

Mask Hits 0

Vswing 1.2157V

Thit 1.3480ns

- Voltage [175mV/div]

Data Jitter 23.4ps

Hist Pk-Pk 23.4ps

-875m

Teklrnnjx'
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Recommended Tektronix Equipment
for HDMI Compliance Testing per CTS V1.3c

= More detail at

For testing with a Type 2 cable emulator used in Jitter Tolerance Test (Test |D 8-7)

Dzcilloscope

Arbitrans Waveform
Generator

Arbitrary Function
Generator

Shla Cahles

OC Power Supply

Software

18 2009-9-28

DSATOR048, DSAT12548, DEAT1E04E or DESATZ2004B with Opt 2L, or DPOTO2048,
DFOY125408, DPOTIG04E, or DPOTZ004B8 with Opt 2X0

Tektronix AWET102 Arbitran Waveform Generatars (WG with Opt 01 and 06.

Tektronix AFG3102 Arbitrary Function Generators (&F G
Mini Circuits Bias Tee model number Z4-85 125G+ needed to connect to the output af the
AWG analog ports

Tektronix 174-1423-00 (1.8 meters), as needed to connect output of Bias Tees to Efficere
TPA boards

To Connect 84 to the +8% Power (F_52 and DDCICES Ground (F_GRHDY on TRPA-P
Tektronix HOWMI Fixture Set ET-HOMI-TPA-S
TOEHTZ softivare (option HT3 for DSADPO

Tektronix Innovation Forum 2009

10ar12

Teklrnnjx'
Innovation Forum


http://www.tektronix.com/hdmi

Benefits of Direct Synthesis
= Simplicity

— Elimination Cable Emulators and TTC (Transition Time Converts)
— Cable emulators (8 channels x 2 cable types)

— ~40 transition time filters
— Greatly reduces the opportunity for operator error

= Performance
— Generates a wide range of rise-times without different filters
— Supports both the Combined and the Separate clock/data jitter insertion methods
— Synthesizes any/all Cable Emulator with any requirements
— Enables customers to perform their own margin testing

= Flexibility
— The test repeatability across multiple labs/locations
— Pre-compensates waveforms to produce signals at the DUT launch point
— Emulates any impairment the CTS requires in the future

= Direct Synthesis method has been approved in CTS 1.3

Tektmnjx*
Innovation Forum
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HDMI Cable Testing

Source Cable Sink
Wideo Wideo
: TMDS Channel O :
I | Ir\
TMDS Channel 1
I |-
“ MM e ez HOMI Aucio
Transmitter Receiver

|1

1

|1

Digplay Data Channel (DDC) > EDID

ROM

CEC Line

— TMDS Data Eye
Diagram

— Inter-pair and
Intra-pair Skew

— Impedance

— FEXT (Far End
Crosstalk)

— Attenuation

Teklrnnjx'
Innovation Forum
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Cable Tests

Introducing 4 channel support for TP2
Eye Diagram test

_ leveraging DPO/DSA capability
= TMDS Data Eye Diagram

£ Cable TPZ Data Eye Diagram
Cable TP2 Data Eye Diagram
i i §

875m ?
T e e s e Mask Test F
\ i Mask Hits 0
\ - . i Vswing 990.00mV
| i { e E
J ‘

Voltage(V)

Introducing AFG support for Jitter -
insertion for Cable Eye Diagram test

Data Jitter 79.1ps

\
g o=

=+ Time(s)

Test Name |

|
7 | A|5-3: Cable Eye Diagram: TP2: CK, D

Cable -> Eve Diagram

= Others ~

— Inter-pair and Intra-pair Skew L Performed Using TDR Oscilloscope

— Impedance _

— FEXT (Far End Crosstalk) ) _

_ Attenuation >~ Performed Using Network Analyzers

Can be accomplished with TDR/IConnect
- (pending approval for inclusion in CTS) Tektronix:
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Recommended Tektronix Equipment
for HDMI Compliance Testing per CTS V1.3c

22

More detail at
Tektronix

2009-9-28

HOME

FROD 3 ! CA S SUPFORT

Recommended Test Equipment for HDMI Compliance Testing per CTS
(Compliance Test Specification) V1.3¢

HOMI Cable Test

Oscilloscope

Cther Supported
Oscilloscopes 2

Arhitrary Waveform
Generator

Arbitrary Function
Generator

Sofware

Probes

TOR System

Test Fixtures

Test Fixtures

Cables

Modules

Filters

Interface

Mini Circuits

DSATOE04B, DSAT12548, DSATIG048 or DSATZ004B with Opt 251, or DPOTOS048,
DPOT12548, DPOT16048, or DPOT2Z0048 with Opt 260

TDSEB04B, TDEE124C and TDSAE154C

AWGET 1228 with Options 1, 6, & or AWGT102 with Options 01 and 06

AFGIT10Z

TDEHT3 - HOMI campliance software {option HT3 for DEADPO)Y {support for CTS VW1 .3k
reguires software Yersion 3.3.0 or higher. Support for CT3 V1,301 and suppart of 4-
channel measurement requires software Yersion 4.0 or higher)

F73135MA differential Sh& probe - use far all differential and single-ended measurements

CV3AB200 with (13 B0EO3 and (1) B0E04 module (for Cable Inter-pair Skew and Far-End
Crosstalk tests)

ET-HDMI-TPA-5 - HDMI Type Afisture setfor Transmitter Test, Receiver Test, and Cable
Test. COrder from Efficere Technologies.

ET-HDMI-TPA-5 - HOMI Type A fixture set for Transmitter Test, Receiver Test, and Cahle
Test. Order from Efficere Technologies.

SwAcables 10-12174-1428-00 (1.5 m) {o connect Bias Tee mini circuits to Efficere TPA
hoards.

DTGE334 with 3 DTGM30 modules

Transition Time Converters from Picosecond Pulse Labs

Ordering information:

Clock Speed Rise Time Filter Part Number
74.25 MHz (Cat 1 cable) 430 ps 5915-100-430P5
165 MHz (Cat 2 cable) 150 ps 5915-100-150P5
335 MHz Mo filter reguired

TTC hardware filters for cable testwill not be required as TDSHTS3 pravides the software
TTC filters.

MI-GPIB-LIEE - ABIHE with Driver Software from Mational Instruments. Type BHS Js
recomimended for use with DRCYDSATO000 Serles scopes,

Bias T model Z+4-85 12G+ needed for &G analog ports

2ord?

1 zet

1 zet

1set

14-16

1set

Minirmurm 2
sets
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Tektronix Solution Detalls

[

- - L e =ar

. 5 A S
\: Ag‘\_. 2 A .
— ‘ 2 R & y

'Ibktmn;x*
Innovation Forum



Real-Time Oscilloscopes & Probes

= Multiple performance offerings

— > 8 GHz bandwidth for testing at all rates covered
in CTS v1.3c

— >4 GHz bandwidth for testing clock rates up to
148.5 MHz

= Real-time oscilloscope needed for
Source, Sink and Cable testing

— 8 GHz: DSA70804B, or DPO70804B W/Opt 2X Choosing Real-Time Scope Bandwidth
— 4 GHz: DSA70404B, or DPO70404B w/Opt 2X Video Eormat Bit Rate R-T Scope BW
m P73138 MA leferentlal SMA prObe 1080i 24bit-Color (8bit/Ch) 742.5Mbps 4 GHz
Performance specifically designed for HDMI 1080p 24bit-Color (8bit/Ch) 1.485Gbps 4GHz
testing 1080p 30bit-Color (10bit/Ch) 1.86Gbps 8 GHz
— For all differential and single ended 1080p 36bit-Color (12bit/Ch) 2.23Gbps 8 GHz
measurements
1080p 48bit-Color (16bit/Ch) 2.97Gbps 8 GHz
\a¥
% ' .
\

Teklrnnjx'
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Signal Sources

= HDMI Pattern Generation

— DTG5334 mainframe
— DTGM30 modules (three required)

- D'I]G)MSZ (for use with AWG710/B or AFG3102
only

= Sink Tests - Jitter Injection

— AWG7102/7122B - Supports both separate jitter
insertion and composite jitter insertion

— AFG3102 - Low cost solution but only for
composite jitter insertion

— AWGT710/B - Only for composite jitter insertion

T NTLTTIT, &

Innovation Forum
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TDSHT3 v4.0.0 or above version Software

Introducing 4 channel support for Differential
= Source Test %>> measurement & 2 channel SE measurement
leveraging DPO/DSA capability

File Tests Results Utilities Help TDSHT3 %| X |

Configure - Source

HoriziAcqg Reference Levels RFun
Select : . -
- # of Acqys High e -Test

10k

Ch2 Rec Length gy

Report—

-

.00 e
Connect — =00

CRU
W E

Wy avETDrm Che PLL ~

Source -= Multiple Tests Clock -= Ch1; Datal -» Ch2; Datal ->= Ch3; DataZ -» Ch4; Rec Length -= 8h; CRLU -= PLL; High -= 80%,; Low -= 20%

File Tests Results LUtilities Help TDSHT3 %| X |
Configure - Source

HorizfAcy Yoltage
Select .

# of Acqs AVce L3 Test

10K o 3.3V o

calculate 100

Input Thit Report——
# of Avygs

Chi hd

\iew Iatal Existing Cetail
WY averfarm —

Source -= Low Amplitude - Inputl: Clock, -Ch2 Input2; Datal, -ChdAcg -= 10K, AVCe -= 3.3, Thit Recalc; Avgs -= 100
26 2009-9-28
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TDSHT3 v4.0.0 or above Software

= Sink Test

— Sink setup pane with selection of separate and combined jitter insertion and AWG/AFG
selection

— Drop down menu for pattern selection

b

File Tests Results Utilities Help TDSHT3 %| |
Configure - Sink

Setup DTG Method Run
Select Test Method Jitter Insertion Jitter Amplitude N Test

@ Composite AWG Clock
ChH2 Frequency Pair .
® Separate AWG Data L Report—
D,CK: 500kHz,1... ¥ e —— )
soomton |
DUT Freq (MHz)
: Pattern List DTG
VIEwW 74.2¢ - Detail
Wy aveformm 1920X1080i B0Hz EBit Gray .. ¥ Qutputs
Sink -= Jitter Tolerance Clock -=Ch1, Data -> Ch2; Test Method-> DTG Method, Freg Pair-= D,CK. 500kHz, 10MHz, DUT freg-= 74 .25MHz
Tektronix
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TDSHT3 v4.0.0 or above Software

= Cable Test

— Cable test with Rise time filter selection (in place of hardware TTC filters) and Cable
equalization filter selection

File Tests Results Lhilities Help TDSHT3 Lo X |
Configure - Cable

D ethod | Cable Equalizer | Rise time filter
Test Methed High Ref L fest

Ref Level Units

Configure = Result

Herizifcy Test Points [ Mid Ref [ Report
Rec Length " 5 L4
Caonnect — TP1 =
Low Ref L
e ® )
Detail
[Bei
Cahle -= Eyve Diagram Clock -= Ch1; Datal -> Ch2; Datal -»= Ch3; Data2 -> Chd; Bec Lendgth -= 8M; CELU -> PLL;, TP1 -=> True;, TP2 -> True
File Tests Results Ultilities Help TDSHT3 B, | X |

DTG Method | Cable Egualizer se time filter
Test

Pattern List DTG Jitter Insertion
Configure 1 080p G0HZ BBt Gray... Outputs @ DTG (Internal)

® AP Report—

Connect SUmmmary
Sie )
Detail

Cable -= Eve Diagram Clock -= Ch1; Datal -= Ch2; Datal -= Ch3; DataZ -= Chd; Rec Length -= 8M; CRU -= PLL; TRP1 -= True, TPZ2 -= TrUe
-
28 2009-9-28 Tektronix Innovation Forum 2009
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HDMI Direct Synthesis method will be
available under HT 3 software

File Tests Results Utiliies Help TDSHT3 El X |

Configure - Sink

; Input Setup DDS Method
: Select Clock Test Method Jitter Insertion Cable Emulator

DOS Method - - N omposite Bath -

Data DDE Method PSR Markers

ch2 LH S IEED AWG ANG2
0.CK S00kHE, [" sl s
cha - Cha

DUT Freq (MHz)
Pattern List AWG

74 25 -
AWIE Pattern 1 CILEpLLs

Sink - Jitter Tolerance Freq Pair-= D ,CK: 500kHZ, 10MHZ; DUT freg-=> 74 . 25MHz, Jitter Insertion-> Composite-AWGE

File Tests Results Utilities Help TDSHT3 %| X |
Configure - Sink
Setup DDS Method Fun
Select Test Method Jitter Insertion Cable Emulator Test

& Com posite

DODs Method ¥ Category 2

Fregquency Pair

Report—

. Pattern List
R 74 OF .
\Yaverorm ; Pattern 1 Cutputs

Sink -= Jitter Tolerance Fredq Pair-= D,CkK: 500kHZ, 10MHZ;, DUT fred-> 74.25mMHZ; Jitter Insertion-= Composite-AWG

Teklmnjx*
Innovation Forum
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Sampling Oscilloscope

30

Sampling Oscilloscope for TDR
Measurements
— DSA8200/TDS8200 sampling mainframe

— Innovative capabilities using i-Connect
software

— 80EO03 Sampling Module (1)
— 80EO04 TDR/T Module (1)

Cable tests
— Cable inter-pair and intra-pair skew
— Impedance test

Sink tests
— Differential impedance test

2009-9-28 Tektronix Innovation Forum 2009
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HDMI Test Point Adapters from Efficere
Technologies or from Tektronix

=  Order a complete set as ET-HDMI-TPA-S www.efficere.com

TPA-P (Plug fixture) TPA-R (Receptacle fixture with TDR B.reakout Board
calibration traces) with EDID ROM

= Mini Type C set as ET-HDMIC-TPA-S
ALY . S

TPA-P (Plug fixture) TPA-R (Receptacle fixture) TPA-C (Calibra.tﬁ[ﬂm%}x,
31 2009-9-28 Tektronix Innovation Forum 2009 P i

Innovation Forum


http://www.efficere.com/

Tektronix HDMI 1.4 solutions

= Qur planned solution includes:

Oscilloscopes: DPO/DSA7K series scopes to 70K series scopes for
HEAC and 8GHZ and above BW scopes for Direct Synthesis
Signal Generators: AWG5K/B and AWGT7K/B series Arbitrary Waveform
Generators for HEAC and AWGT7K/B series AWGs for Direct Synthesis
Software

— Type E Direct Synthesis Compliance software

— HEAC Compliance Software
Fixtures

— Type E Fixtures ( for AUTOMOTIVE HDMI)

— Type D Fixtures ( For Mobile HDMI)

— HEAC fixtures
DSA8200 with I-Connect and 80E03 and 80E04 modules for cable
testing

= Tektronix HDMI 1.4 solution will be made available to
coincide with CTS1.4 announcement

32 2009-9-28 Tektronix Innovation Forum 2009
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Additional Resources
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High-bandwidth Digital Content Protection

Video Electronics Standards Association
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http://www.hdmi.org/
http://www.tektronix.com/hdmi
http://www.digital-cp.com/
http://www.vesa.org/

Additional Resources

= http://www.tektronix.com/serial_data
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