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HDMI

De facto digital interface standard

m HDMI, which stands for High-Definition Multimedia Interface, is the
de facto digital interface standard for connecting HD consumer
electronics components.

m HDMI enables consumer electronics and PC manufacturers to bring
to market innovative and feature-rich products that enhance the
quality of a consumer’s high-definition experience.
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Why HDMI?

- BEFORE
DVD Player, Set-top box, &
AV Receiver

Equivalent functions
Higher performance



Plug Technologies

19-pin plug
supports:

TMDS Channel 0

TMDS Channel 2

= 3 TMDS channels
= Clock Type A
» DDC channel Full Size
» CEC channel

= +5V power

* Hot plug detect

HDMI

TMDS Channel 1 +5V

TMDS Clock *

Receptacle

Agilent Technologies



Video/Audio

m Three High speed video/audio data channels
= Data rates up to 10.2Gbps
= Carries from 24 to 48-bit RGB/YCbCr video components
= Digital audio and control data

m Clock channel — data recovery reference for receiver

HDMI Source Component HDMI Receiver Component

TMDS Channel 0

TMDS Channel 1

TMDS Channel 2

l TMDS Clock Channel
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Channel Signaling

m TMDS

= Transition Minimized Differential Signaling

= Differential low-voltage signaling technology capable of supporting up to

10.2 Gbps total bandwidth

HDMI
Transmitter

0| Upto10.2Gbps mep

T -~

TMDS Channel 1 o

HDMI
Receiver

Agilent Technologies



HDMI Physical layer

T.M.D.S.

(Transition Minimized Differential Signaling)
Minimized changing

Differential
between 0 and 1 Signal

| Z >
Coding Algorithm

Agilent Technologies



TMDS

AVcc=3.3V
Open drain
Current Drive R -% R

Tx Cable Rx
Differential 100 +
ohm Transfer 70
channel N\ o— -
D+ D-
Center tap R
= 500 l]'

Terminal voltage
V Y

: 3.3V

T.M.D.S. Link — 3.3V offest Termination, 3.4Gbps Tr(20-80) = 75ps

Agilent Technologies



Signal Characteristic

/ Von = 3.3V \

Single ended
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Vamppirr = 1.2V =< Vrevene = +-75mV

Differential 0.0v

\ [N
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Signal Characteristic(cont’)

Data Rate : 250 Mbps to 3.4 Gbps

Pixel Clock Frequency : 25 MHz to 340 MHz

Rise/Fall Time . <75 ps (RT/FT=20% to 80%)
Vswing : 800mV to 1.2V
Thit : 294 psto 4 ns

Viow (Single ended) : AVcc-600mV<ViewsAVcc-400mV

Vhigh (single ended) : Avcc +/- 10mV

Agilent Technologies



SerDes Structure — TMDS Link

Tx In Rx Out

Tx Qut Rx In

|
[
— CTJ
| @ 3]
10bit |5 | 10bit
(&)
E \ 2
| L _ ()
—— T.M.D.S. Link
/? TClock
Data encoded for
DC balancing and
Generating Sync
signal
This part is differ from Defined with 4MHz Loop
Silcon vender bandwidth CRU
-Sync or Async with data *CRU (Clock Recovery Unit)

Depend on each of Tx/Rx, allowed Jitter is differ

So, Interoperability test are need between other benders
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HDMI Encoder/Decoder overview

HDMI
Input Streams TMDS Link Output Streams
Source : ' Sink
Pixel component(eg.B) ——— D[70] - D[f0] ——— Pixel omponent (e g.B)
T >
HVSYNG —— = ppio] 35 Channel 0 %E D[10] ————» HWVSYNC
2
Auxiliary Data w w & Auxiliary Data
(e.g.PacketHoadeny ———>| DB DRIl ——" (o g PacketHeader)
Pixelcomponent(e.g. G) ——— = D[F 0] D[F0] —— Pixel omponent (2 g.G)
CTLO,CTL1 ———! D[] %}E Channell |, g% D[10] ——» CTLO,CTLI
. Za 8 -
Auxiliary Data & é r O Auxiliary Data
(e.g. Audio Sample) > DEO] DR1] ™ (eg.Audio Sample)
Pixel component (eg. R) ———= D[F 1] - DF0] ———— Pixel compenent (2 g.R)
. 5 =B
CTL2.CTL3 ——=|{ D[ 0] g% Channel 2 g% D[10] ——» CTL2,CTL3
N i ¢ B )
Auxiliary Data ww [r4 Auxiliary Data
(e.g. Audio Sample) > DBA] DR ™ (eg.Audio Sample)
Pixel Clock j_r Clock Channel B »  Pixel Clock
Parallel part also be

In case of 1080p , sending High speed and

more than 30channels Multi channels
with 148.5MHz clock sync

hronization

£i- Agilent Technologies



Display Data Channel (DDC)

m Transfer display data using VESA Standard
m EDID — Extended Diplay Identification Data

HDMI Source Component HDMI Receiver Component

TMDS Channel O

TMDS Channel 1
HDMI .
Transmitter

TMDS Channel 2

AUDIO /
“ I TMDS Clock Channel
' I
|

‘7%~ Agilent Technologies



EDID (Extended Display Identification Data)

Monitor Name EPI EnVision EN-775e
Monitor ID EPID775
Model EN-775e
Manufacture Date Week 26 /2002
Serial Number 1226764172
Max. Visible Display Size 32cmx 24 cm (15.77)
Picture Aspect Ratio 4:3
Horizontal Frequency 30 - 72 kHz . -
Vertical Frequency 50 - 160 Hz sample EDID information
Maximum Resolution 1280 x 1024 Sent from display
Gamma 2.20
DPMS Mode Support Active-Off
Supported Video Modes:

640 x 480 140 Hz

800 x 600 110 Hz

1024 x 768 85 Hz

1152 x 864 75 Hz

1280 x 1024 65 Hz

Monitor Manufacturer: Envision, Inc.

53 Agilent Technologies




CEC (Consumer Electronic Control)

m Optional CEC Channel
= Carries device control function between all connected HDMI A/V devices
= Included vl.2a

HDMI Source Component HDMI Receiver Component

TMDS Channel O

TMDS Channel 1

TMDS Channel 2

I TMDS Clock Channel




CEC (Consumer Electronic Control) (cont’d)

m Bi-directional serial bus
m Optional feature

Agilent Technologies



Physical Layer Compliance Testing(1.4)

Source Testing

HDMI Receiver Component

Source

) Agilent Technologies



High Speed Electrical (TMDS)

Source Test Solution
Required Tests

 Low voltage, rise & fall times, overshoot/undershoot, inter-pair skew, intra-pair skew, clock d
uty cycle, clock jitter, data eye diagram

Recommended Test Equipment

* Realtime oscilloscopeDSO/DSA 90000A series 8GHz (DSO90804A) or higher
* Remote Programming Opt. 011 (if used with N5990A Test Automation S/W)

* Probe Amplifier 1169A (min. qty. 2, recommended 4)
* SMA Probe Head N5380A (recommended) or E2695A; min. qty. 2, recomm. 5
* Compliance SW N5399A Upgrade
(BETA VERSION 2.52.9031) HDMI Test -- HDMI... \:
Agilent Value I I —
« Accurate and repeatable results - -

through lowers noise and probing systems

* Ease of use through Test Automation
Software

- Agilent Technologies
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Physical Layer Compliance Testing(1.4)
Sink Testing

HDMI Receiver Component

THMDS Chammeael O
TMMDS Channel 1

TMDS Charnmel 2

. TMDS Clock Cha

‘7%~ Agilent Technologies



TMDS Sink Test Solution

Required Tests

* Receiver stress test including jitter tolerance test

- "- Bl e - — — p— 'Y
Recommended Test Equipment " i08ase LA 9 Clock Jiter S| o E4433C 4 GHz 9
mipreEs— == | ~ 8§ as a8 9
85425229 10MHz Ref _
d 8 200 §EE . 30cm BNC XX
280 D0C &

« Software Upgrade from HDMI 1.3 solution

L et e e e ™ |

10Base-T LAN
SwitchingHUB J

(

0doooao

G|
06
0e

EEEEEL)

T Ts
v > _ - N4B71A (Matched Pair Cable 3.5 mm (m-m)
T i ) T RS T | j EE13%4 72l i i // /SMA
. PC for 81250A software 3t :ffi_ L1 . g
Agilent Value EeoTe) ¢ | | == | &
N5990A Test Automation | | ;;.!_’Zl; . jl‘ | @l e g=t—i | | 3
. . Software il =W e W = o | || o
« Automated system calibration & R S .. X
HDMI Frame Generator ™| = — W gl o eiE— ' o
Software e 81250 7 Gbps

« Linear and accurate jitter modulation
* Independent clock and data jitter

* On-the-fly changes of the jitter mix and voltage levels with Frame Generator software
« Excellent signal performance up to 7G with the ParBERT 7G

« Compliance and characterization Test Automation Software

- Agilent Technologies
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Physical Layer Compliance Testing(1.4)
Cable Test

HDMI Source Component HDMI Receiver Component

THMDS Chammeael O
THRDS Channel 1

TMDS Charnmel 2

. TMDS Clock Channel

w 5-3 : TMDS Data Eye Diagram

w 5-4,5-5 : Inter-pair and intra-pair Skew
= 5-8 : Diff. Impedance

= 5-6 : FEXT (Far End Crosstalk)

w 5-7 : Attenuation

‘7%~ Agilent Technologies



Cable Test Solution

TMDS data eye diagram, Intra-pair skew, Inter-pair skew, differential impedance, far-end cro

Required Tests
sstalk and Attenuation
Recommended Test Equipment
DCA-J 86100C j- S
TDR module 54754A = 0 . s
' ' .T.“.T.Ti? Rz ey
Dual channel electrical receiver 86112A IR E Tl
- —-‘-——-—
E5071C =
Option 480
E4431B

ENA Series Network Analyzer
Test Set, 9 kHz to 8.5 GHz
4-port RF E-Cal module

Agilent Value
Characterize HDMI cables quickly and accurately

5 Agilent Technologies




Source testing consideration

Eye pattern’s Mask Test

3 D o Extracting of parameters
\ | | | |
\\3@ N (
S N _ _ _ Upper Limit VL
\ 1 / |

Tr/Th

Intra-Pair skew
< Inter-Pair skew
Clock Jitter

Clock Duty Cycle

K Data Jitter

- em - k-
Data Jitter Margin

Agilent Technologies



TestID 7-2 : VL

\4

AVcc 3.3V

Iy\’¢_wIL . ode va lue

ACAlaAT mm s s s e e E A A A A A . .

Soupce Yercical (¥/diwl 0Offzec(¥) Horizontal (z/div)l Pozicioni=)
3. 063 L. 540e-9 Q. Da+00

Channel 2 a4.00e-3

1. Pre calibration required on b0ohm termination part as 3.3V(Avcc)

2. Accumulating waveform with edge triggering
(In CTS1.4, it required to trigger H-L-L-L or L-H-H-H pattern for VL testing)

3. Measuring Histogram’s mode value of vertical side(voltage)

4. Testing all single-end lines (D0+,D0-, ... CLK+, CLK-)

Agilent Technologies




TestID 7-4 : Transition Time — Tr/Tf

[Jitter Analysis: Rise time]

[
|
|
————— — --————--—————7-irf————— S S —

[itter &nalusiz: Fall tirme

Channel &

1. Measure all of edges which Osc
illoscope acquiring, and report “‘::4:
mode value of histogram

2. Testing all differential lines e
(DO, D1, D2, CLK) o

Agilent Technologies



TestID 7-4 : Transition Time — Tr/Tf

Causes of delaying

[Jitter Analpsis: Rise time]

Vth

Timing Error

* Connector/PCB pattern and line * Low priority, due to loosen spec
width, characteristic of material

* Scope’s insufficient bandwidth

(Probe’s peaking)

Agilent Technologies



TestID 7-6 : Inter-Pair Skew

0
|

[ — pr— Ey)

—
}I
o

Yodisy  WEESet (V) Hox tuteal (5 diw] Posi el (=]

L4, e =24 2. ime=—4 L5,
1 e =3 S Mie=4

With Pattern trigger, TMDS Sync pattern trigger
Check Sync pattern was acquired between 2 data lines

Measure acquired all bits’ Delta time

N A

Testing all differential DATA signals (D0, D1, D2)

Agilent Technologies



TestID 7-6 : Inter-Pair Skew

What is Sync pattern ?

Utilities  Help 3:57 PM

Encoded Control signal

D1 Sync Pattern
[LSB:MSB]

VI O S

0 0 0010101011
0 1 1101010100
1 0 0010101010
1 1 1101010101

Control signal Assingment

TMDS
“

5,00 ne!

0 VSYNC HSYNC "'.:-- F nlpu 1 Setup Search...
1 CTL1 CTLO An example of searching Sync pattern with E2688A
5 CTL3 CTL2 HS-SDA software

Agilent Technologies



TestID 7-7 : Intra-Pair Skew

3CAlaAT mmmsmsrrsr s mEmEsEE AR R R EEEEAEEEAE AR AR EAEEEE AR AEE AE AR AR A Ee. .

SoNE e Yertical (¥/div) Offzec(¥] Horizontal (2/div)l Pozicionisz)
Channal 3 83.20e-3 %.047= 7. D0a-13 000, e+ i

1. Triggering on TMDS positive(+) signal’s rising edge
2. Measuring falling edges TMDS negative(-) signal with histogram
3. Testing all differential fairs (D0+/-, D1+/-, D2+/-, CLK+/-)

Agilent Technologies



TestID 7-7 : Intra-Pair Skew

Effects of differential signal pair skew

12:59 P T Tze Ultes  Help

I~ | T
Help




TestID 7-8 : Clock Duty Cycle

o

Ty (MIN)

—— T (MAX) ——

‘%,_
(
[
i
¢
[

f 1
—
le

¥

BEAl R mmmm e m e e e e m e mm e mmmmm e ———

Soupce Yerrvical (¥/div) Offzeci¥) Horizoneal {(z/divw) Pozition(z)
Channel 1 185, 0e-03 000, Qe400 . 150e-3 Z.151le-3

1. Triggering TMDS Clock rising edge

2. Measuring minimum and maximum duty cycle

Agilent Technologies



TestID 7-9 : Clock Jitter

FCALET mmmmmmmmmmmmmm e mm e m e mEEE mmmEmmmmmmmm e = mmE =

«—»—CLK Jitter

Sonpce Wercical (¥Widiv) OfEzer (V) Horizontal {2/div) Pozitionis)
Channel 1 136, De-03 T.000e-3 154.0e=132 000, Qa0
Fonction 3 156.252=03 T, 000e-3 154, Qe=132 Q00 ., Derd

1. Triggering with software CRU’s recovered clock

2. Measuring histogram at the point of edge(0V+20mV)

Agilent Technologies



TestID 7-8, 7-9 Clock related items

Help F:45 P

File  Contral Setup Measure Analyze  Ulilities

[1af2)

[1af2]

Delete
Al

Delete
Al

T oless mEEEN """ N 0| oI5

If clock is NOT stable, it will directly effect to DATA

- Agilent Technologies




TestID 7-9 : Data Eye Pattern

Clock and Data in HDMI 10 eye patterns of one clock period

asure Analyze Utilities  Help 2:37 PM

Measure :gnalyze Qtilitie; Help File  Caol
ar il

E EE S

AR

e

—
H +—
= J .
EEEEE
] I

[me—
=

i

More
[10f2)

Delete
All

T oclezal miIITE--"

°Clock signal is reference of data signal

°During 1 clock period, 10 TMDS unique eyes are exist

We can’t guess signal quality with one eye like other application

Agilent Technologies



Eye diagram with original method

DATA

- r
f@e@@@(i 0@@@@%'@@@6@@%»@@@@%0@!@ﬁ@@m
a a a a

a a

Clock

[ s B ]

Measure only first bit’'s eye diagram of 10 bits, Impossible to do TIE
measurement

Agilent Technologies



Eye diagram with multiplied clock method

DATA

(R

IMultiplied CloCk

[ R B B

Enabling measure all bit’s eye diagram, TIE measurement

Agilent Technologies



Multiplied eye diagram

Eye Dlagram and Jitter measurement

Ideal reference
point

Jitter measure
point with
margin

IIIIII II +IIII II II ]_
[Em, He40n J0L 0e=1&

Peak to peak Jitter(Left) Peak to peak Jitter(Right)
Easily measure J p-p through Histogram in Oscilloscope

Agilent Technologies



TestID 7-9 : Data Eye Pattern

oAdasny WEESes (V) Horizontal (s4dis)  Positiom(s)
g ). Me-Hu 290 We= 1 Lyl me-1=
(). [E-E S0 He= 1= 185 e=12

Align mask’s X-axis(time) and Y-axis(volt)
Locate mask at 0V as center of Mask

Moving mask to left side until left edge of mask hit the signal

= W =

Check other point doesn’t hit the signal

‘7%~ Agilent Technologies




HDMI 2.0

Objectives of 2.0

- Increase the TMDS data rate to 6 Gbps
- Add Dual View mode

- Add a Direct Attach mode

- Add a Status Control and Data Channel (SCDC)

- Scrambling for EMI/RFI reduction
- Add protocol testing for 4:2:0 4k2k 50/60 Hz (2.97 Gbps)

- Add some protocol layer enhancements (3D, etc)

> There are two specifications and two organizations in HDMI.
» For HDMI 2.0: HDMI Forum with more that 80 member companies
» For HDMI1.4: HDMI.org led by 7 companies

‘7%~ Agilent Technologies



HDMI Physical Interface

Transmitter

TP1 1P2 Sink (Display)

Data Tx

+5
Utility
SDA
scL
CEC
DDC GND

Hot Plug Detect

Channel (cable)

Ck Frequency = Data Rate/N

HDMI1.4: N=10
HDMI2.0: N=40

<

SCDC

CEC

> m Controller

_- Single lane Data Rate Clock Freq Scrambling (SCDC)
HDMI 1.4 | 250Mto 3.4Gbs | 25M to 340MHz -_

HDMI 2.0 3.4-6.0Gbs 80.5 to 149.25 -_

Agllent Technologies




Physical Layer Test Details

» HDMI 2.0 includes a 3.4 Gbps to 6 Gbps data rate band specification.

The new HDMI 2.0 Tx tests are called HF1-xx (Rx: HF2-xx)
The HDMI 1.4b Tx tests are TMDS 7-xx (Rx: 8-xx).

» For source testing, both sets of tests are selectable at the same time.

» Fixture De Embedding may be required. To be determined
» Channel Embedding required on a TP1 acquisition=>TP2
» HDMI 2.0 Equalization construct provided=>TP2EQ.

» Additional channel skew of 112ps added to each side of the differential
pair.

Agilent Technologies



Physical Layer Compliance Testing(2.0)

Source Testing

HDMI Receiver Component

TMDS Chanmnmel O
MMDS Chanael 1
THRDS Charvrvel 2

1 MDS Clock Chanmeal

Source

) Agilent Technologies



Software Worst Case Cable Emulator for Tx Tests

* Source Data Eye Diagram Test SEtuﬁ“"“"“‘"“""

B Proposed Worst Cable Model shall be embedded into Oscilloscope.
B Effect of Crosstalk, Cable Attenuation and Cable Skew can be reflected.

Diff, Oscilloscope
Probe
TPA-P - CLK
S DUT % [?[EI;:I']:’TI? H Worst Cable :[>_ EQ H Eye
ource Single-ended | (s4p) 1 Model (S4p) Measurement
Input —

/ 1 12%
{ . . Delay |
TPAR Wiorst Attenuation TPA-R
Cable "

a

-20—

— l.--\..--—ﬂa"ﬂ""“-"_’
40— r(/ /Yh‘/—r
2

o
=

-60 I
3 4 5
TTTTJTTTT]TITTT TTT

GHz 0 1

L]
0 1

Actual Crosstalk (GHz Tifufjfmﬂﬂgﬂm
\ at Connector 2 Panasonic Proposed | \ Source Jitter 0.3U1
__Worst Cable Model ~
Copyright @ 2012 Panasonic All Rights Reserved 3 Panasonic ideas for life

With permission from Panasonic

Agilent Technologies



Tx Clock Jitter Measurement

Ch1l: Clock + (single-ended)
Ch3: Clock - (single-ended)

DUT
5.94 Gbps Tx
Glock *[}—=" CRU
E% Fhs Analyze
% s4p 1112ps >—EQ— Jitter
\CI Agilent Scope
' Y T A (13 GHz or higher)

TPA-P

N5380A/B Probe heads
1169A Probe Amplifiers

Test both cases of 112 ps delay
+3.3V Pull up Termination for in positive and negative sides
all channels TMDS lanes

‘7%~ Agilent Technologies



Tx Data Eye Measurement

Data connections single ended
Clock Connection may be single ended or differential

DUT % e >— CRU
O, J L
= /G\(ADD\V[ Ch3 Analyze
E
J Datal ¥LN\cho u e
112ps >_EQ_

Agilent Scope (13 GHz or higher)

N5380A/B Probe heads
1169A Probe Amplifiers
Test both cases of 112 ps delay

In positive and negative sides
+3.3V Pull up Termination for

all channels TMDS lanes

‘7%~ Agilent Technologies



Equalization in HDMI

Equalization is stipulated to follow the relation below for freq response.
Phase of equalizer must be manifest to yield causal filter with this response

Gain

10

0.1

Frequen

cy (GHz)

Figure 6-2: Reference Cable Equalizer for 3.4 Gbps < Rpjr < 6 Gbps

(@< a,)
[Hjo|= g ®lelralfc (g <o<li*a,)
g 'erE (14*@, <o)

Where

N =07

@, =2x*2506H:

A =97E-8

B = %* A*p

C =1.07*4*a)’
D =07*4*a*°
E =198%* 4%

Eguation 6-2- Reference Equalizer Egquations for 3.4 Ghps < Ry, = 6.0 Gbhps

Agilent Technologies



HDMI Tx App Tour: Entry Screen

File View Tools Help
O | ' »® 08 I |

Task Flow _| SetUp |SelectTe5ts I Configure I Ccnnectl Run Tests I Automation I Results I Html Report

SetUp HDMI Test Environment Setup
HDMI Tesis { Compliance Mode " Debug Mode
HDMI Specs Test Suite
Device Definition
|20 | (+ TMDS Physical Layer Tests
™ HEAC Tests Device Definifion Incomplste.
" Direct Attach Tests Trrrrero Seaw
Confiqure
Connection Safup lncomplafe.. |
Transfer function generation Probe Offset Calibration
onnec
Last Calibration Date:
Wiew Dffset Calibration Walue v Offset Enabled
Transfar Funclions Ready
Set up embed/de-embed | | Calibration
0Tests  |Follow instructions to describe your test environment |Ccr1necticr1: LIMKMOWMN 4

Agilent Technologies




HDMI 2.0 Pixel Clock <165MHz

%

Testplan Creation
From:
-CDF

-Stored template
-PC LAN
-Manual
automatic EDID

control is possible.

Device »
Information
ITlElnsm'rt'ter LI | |
Comments — @ Load from CDF
" Load from Template
" Manual Select
Load COF file (please convert to .csv format)
YCTest appcorfighTemplatefetzdefault tem || Browse
Timings
to Test
[ Picel Clock <= 165MHz | Pixel Clock <= 340MHz | Povel Clock > J40MHz |
Pixel Clock <= 165 Mhz -
¥ Timing 1 640 x 480p @ 60 Hz, 24 bpp 252 Iml
[~ Timing 2 720 x 480p & 60 Hz. 24 bpp 27097 Iml
I~ Timing 31 1920x 1080p @ 50 Hz, 24 bpp | 1485 =
[T Timing 34 1920 x 1080p @ 30 Hz. 0 bpp 7425 Infol
[~ Timing 60 1280 x 720p @ 24 Hz, 0 bpp 30.870144 i
Create/Store [~ Timing 62 1280 x 720p @ 30 Hz, 0 bpp 3858768 o |

Clear Timing Plan || Add Custom Timing Save Template

Testplan »

Set As Default Plan

Delete Default Templat

Close

Agilent Technologies



HDMI Tx App Tour: Entry Screen

File View Tools Help
o e 2™ 8 I |

Task Flow _| SetUp |Se|ectTests I Configure I Connectl Run Tests I Automation I Results I Himl Report

HDMI Test Environment Setup

HDMI Test= {* Compliance Mode ¢ Debug Mode

HDMI Specs Test Suie
Device Definition
[20 |  TMDS Physical Layer Tests
T Device Definition Completed _
IIIIIIIIII r‘[”ﬂﬂﬂﬂﬂﬂChThﬁm Cbnmxﬂonfkﬂup
Configure
Conneciion Safup lncomplefs..

Transfer function generation Probe Offset Calibration
annec
Last Calibration Date:

Wiew Offset Calibration Velue W Offset Enabled

Transier Functions Ready

Set up embed/de-embed Calibration

0Tests  |[Follow instructions to describe your test environment Connection: LUIMEMNOWN i

Agilent Technologies




Connection Setup

Test Co

Probe Head and Fixture

selection
Channel Seeckn Number and type of connection.
Pumm ok o Differential Vs Single ended.
end Yu_ e ——— 4 probe/1 data lane is
Single-Ended D ; woh Channel? .
4 SE channel connections
e 4 probe/3 data lanes is
e i s 4 Diff connections
2 Probe/1 data lane is

2 Diff connections or
2 SE connections

Close I

Agilent Technologies




Probe/Channel Assignments

This is a 4 channel/1 Data lane connection
In this configuration you can connect:
-clock+ /clock - for
single ended testing of the clock lane
differential testing of the clock
-data+t/data-
single ended testing of the data lane
differential testing of the data lane
-dataA+/dataA- & dataB+/dataB- for:
interpair skew testing.

Differential Test Single-Ended Test Inter-Pair Skew Test

Clock + Clock + Data A+
Clock - Clock - Data A-

Data + Data + Data B+
Data

‘7%~ Agilent Technologies



Entry Screen after completing setups

File View Tools Help
O e »® ys I |

Task Flow _| SetUp |SelectTests I Configure I Cannectl Run Tests I Automation I Results | Html Report

SetUp HDMI Test Environment Setup
HDMI Tests ¥ Compliance Mode ¢ Debug Mode
HDMI Specs Test Suite
Device Definiti
Select Tests |20 | (% TMDS Physical Layer Tests iee Fenen
" HEAC Tests Device Definition Complated
" Direct Attach Tests BT B
Configure
Connection Setup Completed _
Transfer function generation Probe Offset Calibration

Conneck
Last Calibration Date:

Wiew Offset Calibration Value v Offset Enabled

Transfar Funciions Heaay
Fun Tests Frobe Offset
Set up embed/de-embed Calibration
0Tests |Follow instructions to describe your test environment Connection: UMNKMOWN Y

Agilent Technologies




Transfer Function Generation

Required for the mathematical processes
required in the specification:

v' embedding a cable

v' de-embedding a fixture

v applying equalization

v skew setting

v’ transition time converter filtering

v' The N5399C allows user to create arbitrary transfer function

| : | Time Domain ‘Filter’
Oscilloscope
'%'AE"qu"i'sitié"n“ - i i lltered waveform
| n Oseillseope-

Frequency Domain Description

Channel 1 Frequency Response Channel 1 Step Response

—— Measured ——— Simuloted W= Transfer Function = Step Response

AN

| | -0.19-

| |
7.800 GHz 15.60 GHz -5.000 ns ; 5.000 ns
s> Agilent Technologies



Transfer Function Generation

ag -  a x |
. . v Enable All

Fixture de embedd e o
-Agilent " g AW <] - " Equalizer Function
-Wilder N 5__?3 -HDMI 2.0
-B itifeye |-P\Wilder_HDMI_TPA Psdp|  Erowse -CTLE
-custom [~ DeEmbed Fixture for TP tests -custom

C-bleEmbedding ¥ On

- .
|20 |
Cable embedding | fesccrcimpes] oo | e Additional Skew
_standard HDMI 2.0 (lumped)
-cu Sto m Generate Transfer Function ﬁmﬁmﬁm bl
Close |

Agilent Technologies



Physical Layer Compliance Testing(2.0)
Sink Testing

HDMI Source Component HDMI Receiver C

THRDS Chanmnel 1

Tramnsmitter THMDS Channel #

. TMDS Clock Cha




Rx Test Setup with M8190A AWG
Overview

for calibration: 1)
for intra-pair skew test: 2)

» 8x Bias- « TPA-P * Sink Device
Tees fixture under Test

* TPA-R fixt » Digital Oscill
ure oscope
1) 1), 2)
> 5-slot AXle chassis with embedded controller and two M8190A modules

— 4 differential channels
» Triple output power supply and frequency counter

» Oscilloscope for calibration and intra pair skew test (and Tx tests)

» No hardware cable emulators, no TTCs
— Fewer manual re-connections, better reliability

» Smaller and more affordable setup compared to ParBERT/E4887A

— ParBERT still better suited for characterization since jitter can be easily changed on-the-fly

Agilent Technologies



HDMI 1.4b Legacy Testing
Test Accessories for MB190A AWG

t | Network Connection Kit
BIT-1006-0000-0 DUT Connection Details

Dual channel DC Power Supply

Low Speed Kit

L]
O BIT-1014-0001-0
VP +3.3
o0 ¢ 00
! GP Probe Pow
R Distribution Kﬁ%r
' : BIT-1003-0000-0
o 7 5 B||N0 B8 O[JI6 = a
Data1 Data0- DataO+ Data2 . ) Sink DUT
Clock leture.
\ Test Automation Kit for M8190A
Bias Tee Kit for M8190A BIT-1014-0009-0
BIT-1012-0009-0 * 6 Matched SMA Cable Pairs 1.0 m
8 Bia_s Tees « 4 SMA Cables 0.2m ) .
«8 Cables SMP 0.3 m * 1 Frequency Divider incl. Power Connection Cables Snap-On Connector Kit
+ 1 Power Distribution (10 SMB ports) * 2 BNC-t0-SMA Adapters BIT-1005-0000-0
+ 1 SMA 50 Ohm Termination (40 connectors)

Agilent Technologies




N5990A Automation Software — HDMI 2.0 Rx Test

Compliance Tests and Product Characterization

| NS900A Test Autom

L===S AWG: Opt. 151
e =i -] E4887A: Opt. 150

File  Station  Sequencer Help

F =z &

Corfigure DUT  Load Save | Start Abort Pausze | Prnt
----- | HF Clock Jitter Calibration TP2 38402 160p24Hz48 013 1:31:.02 PM - :}l | _—'I
----- 1 HF Data Jitter Calibration TP2 -skew 35132153 2 2013 1:20:10 PM
----- 1@ HF Data Jiter Calibration TF2 +skew3840x2160p24H248; 11/19/2013 12:52:13 M Y IDHGZ2 o, ey e Do) 2 5 W
- [E14T E4887A - TMDS Sig. Gen. Offline % Configure Produch " Jr——
b IMeT o 1.4 Video Mode i
BEIﬂ HOMI 2.0 Color Depth Product
----- [E1%T 1D HF2-1: Differertial Swing Al Channels 2.6 V Color Space B S
----- [C1%58 1D HF2-1: Differertial Swing All Channels 3.3V ESB g\:{or ?:arl Tﬂ?m Product Number:  HOMI ~ Serial Number. -
----- 1D HF2-2: Iira-Pair Skew Datad 2.8 Viem| S
_____ Dﬁ _ _ Keep the signals after ti.zst? ITTE s Port Name: [:]
----- MY (D HF2-2: Irtra-Pair Skew Data2 2.8 Viem || TMDS data to clock ratio 1:40 Description:
----- % 1D HF22: Intra-Pair Skew Clock Channel 2.8 Viem Use serambled video signal
----- [F1%8T 1D HF2:2: Intra-Pair Skew Datal 3.3 Viem Minimum Skew
----- 1% 1D HF2-2: Intra-Pair Skew Datal 3.3 Viem Maximum Skew
----- 80T |) HF2.2: Intra-Pair Skew Data2 3.3 Viem Skeew Step Size Test
----- [E1%T 1D HF2-2: Intra-Pair Skew Clock Channel 3.3 Viem B Sequencer , UserNeme  Unknown User
----- [E189T 1D HF 2-3: Jiter Tolerance 3840:2160p24H248 Jiter on Clock 3.1V -skew g|[| Procedure Error Case Behavior Comment.
----- [E1%8T 1D HF 2-3: Jiter Tolerance 3840x2160p24Hz248 Jiter on Clock 3.5 V -skew Procedure Failed Case Behavio )
----- 83T 1D HF 2-3: Jitter Tolerance 384021600 24H248 Jitter on Clock 3.1V =skew Repetitions
----- Dm 1D HF 2-3: Jitter Tolerance 3840¢2160p24Hz48 Jitter on Clock 3.5V +skew RS o Dot 72111 57729 46 A M ) EEE D
----- Dm.m 1D HF2-23: Pixel Decoding YCbCr 4:2:0 Last TestDate:  11/7/2013 7:29:46 AM (@) Expert Mode
Pixel Decoding YCbCr 4:2:0 Deep Color L I T
7- Deep Color Supported Video Modes: Color Depth:  Color Space:
Video Timing 2160p 3D DZ?SWT&UD @36Hz - | [#]24 :“17 Dmvz:;uwm—mmmu range ~
Video Timing non 2160p Deep Color 7] 96 3840x2160p @ 50 Hz 306t | |L]xv¥ChCr44-4 TU-R6O1 limited range
----- Dﬂ D HF2-36: Video Timing non 2160p 24bit || 97- 3840%2160p @ 60 Hz [ 36 bit [ xvYCbCr 4:4:4 ITU-RG0T full range
----- [FIBSY 1D HF2-38: Video Timing nen 2160p 30 — g§ 409621600 ggg:z [ 485t Ej\\‘;cigggé ful ange
©-Eli Bpert Mode i | 100: 4096121600 @ 0z | AdoveRCB Ul range |
1 ﬂ Differential Swing Clock Channel - 101: 4096x2160p @ 50 Hz CDF r : uu rqe
< I 1 | b v b -
Severty Message (CEA Format Codes) [] Automotive Receiver 13D
ﬂ* Progress  Opening offline connection to ParBERT Clock System at 152.168.0.108:DSRA | Test Fixture Type: [ Keep Signals After Test [C| DVI Mode '
#*Progress  Opening offline connection to ParBERT Clock System at 192.168.0.108:DSRB Select all CEA modes l BERReader | Totalphase Aardvark =
@ Progress  Opening offline connection to E36%A at TCPIPD::192.168.0.108:gpib0,5:INSTR | Address: |
##* Progress  Opening offline connection to 88«_Series at 192.168.0.150
#Progress Opening offline connection to N53584 at Unknown
@ Infa NBSGS0A Test Automation Software Platform startup complete! i

Agilent Technologies




N5990A Automation Software — HDMI 1.4b Rx Test
Compliance Tests and Product Characterization

File

Station  Seguencer  Help

V2

E Hd r @ o | & 3 | =

Corfigure DUT Lload Save | Start Abort  Pausze | Print Properties | Log List

Swing Calibration Data2; 5/14/
Clock Jitter Calibration TP1 1520x108

Data Jitter jon clock) Calibration TP1 r"I 311:52:20/
2013 12:00:52 PM

Data Jitter (on data) Calibration TP1 1

Clock Jitter Calibration TP2 132&.1:,2135..H

Clock Jitter Calibration TP2 (Data Jitter on Data)
Clock Jitter Calibration TP2 1520<1080p60Hz24,
Clock Jitter Calibration TP2 (Data Jitter on Data) 1920

3-[C1 i M2130A - TMDS Sig. Gen.
B-[E1H0 HoMI 1.4

8-5: Differential Swing Al Channels 3.3V
8-5: Differential Swing All Channels 3V
8-6: Intra-Pair Skew Datal
8-6: Intra-Pair Skew Datal
-6: Intra-Pair Skew Data?
Intra-Pair Skew Clock Channel
= 1920 1080p60Hz24 Jitter only on Clock
Jitter Tolerance 152(k1080p6&0Hz24 Jitter on Clock and Data

Dm |0 8-15: Character Synchronization Test
8-19: Pixel Encoding Requirements

[E1RR D 8-20: Video Format Timing
-22: Audio Jitter Test

HDMI 2.0
poN Epert Mode
Dﬂ Differential Swing Clock Channel
Dﬁ Differential Swing Data Channel
DM Differential Swing All Channels sep.
D“ Sink: Inter-Pair Skew Datal

LR SR ] ST

AM

Jitter Tolerance 1920k 1080p60Hz24 Jitter only on Clock, 2nd Cable Emulator
7. Jitter Tolerance 1920x1080p60Hz24 Jitter on Clock and Data, 2nd Cable Emulator

VI InfoFrame supporting Extended Colorimetry, Content Type and Selectable YCT GQuant. Range

=)

Offline

Video Mode

Color Depth

Color Space

Use Color Bar pattern

Use Swing Calibration

Keep the signals after test?
Desired Skew Accuracy
Differential Swing

Clock Jitter Margin

Diata Jitter Margin

Margin Search

Initial Margin Step Size

Margin Accuracy

Cable Emulator

Sequencer

Procedure Error Case Behavior
Procedure Failed Case Behavior
Repetitions

B 1D 8-7: Jitter Tolerance 1920 1080p60Hz24 Jitter only on Clock

True

16: 1920¢1080p @ 60 Hz
24 bit

RGE full range
False

False

False

100 mTBit
a00mV

0 TBit

0 TBit

Mone

100 mTBit
10mTBit

Cat 2

Proceed With Next Procedure
Proceed With Next Procedure
0

Message

Opening offline connection to M2130A at TCPIPD::192.168.0.135: hislip6::INSTR.
Opening offline connection to 532304 at TCPIPD::152.168.0.131:inst0::INSTR.
Opening offline connection to E363xA at GPIBD::5::INSTR

Opening offline connection to 8&¢_Series at 192.168.0.150

Opening offline connection to N5598A at Unknown

MN5930A Test Automation Software Platform startup complete!

Date

12/18/2013 11:14:37 AM
12/18/2013 11:14:37 AM
12/18/2013 11:14:37 AM
12/18/2013 11:14:37 AM
12/18/2013 11:14:37 AM

121182013 111438 AM

| »

I Mot Running HDMI Station

Agilent Technologies

legacy tests,
mandatory



HDMI 2.0 N5990A “ValiFrame” Rx Tests

Test Automation Software — Connection Diagram Examples

0000000

@

Channel 1

Channel 3

NS5380A /
1169A

[Connect SCLK OUT of frst M8190A modue with SCLIC IN of the second MB190A module
(Connect REF CLK OUT of first M2190A module with REF CLK IN of the sscond M8190A module.

(Connect SYNC MRK OUT 2 first M8130A modic with TRIGGER IN of the second MB130A module

(Connect channel 1 AMP of fist M&190A madule with TPA-F Clack using Eias-Tees and matched SMA par

(Connect channel 2 AMP of first M8130A module with TPA-P Data 0 using Bias-Tees and matched SMA par.

(Connect TPA Clock and Data D output with the oscilescope channels 1and 3.

Makce sure, that the probes are calibrated, set to diferertial and 3.3V temination voltage are provided ta the probe heads before running this procedure
Important: Cornect SYNC MRK OUT1 of the first 1M8190A madule with Aux Trig In of the osciloscope

Calibration (with oscilloscope)

| [Connect channel 1 AMP of first M8190A module with TPA-P Clock using Bias-Tees and matched SMA pair.
Connect channel 2 AMP of first M8190A module with TPA-P Data 0 using Bias-Tees and matched SMA pair.
Connect channel 1 AMP of second M8130A module with TPA-P Data 1 using Bias-Tees and matched SMA pair.
Connect channel 2 AMP of first M8130A module with TPA-P Data 2 using Bias-Tees and matched SMA pair.
Connect SCLK OUT of first M8150A module with SCLK IN of the second M8130A module.

Connect REF CLK OUT of first M8130A module with REF CLK IN of the second M8130A module.

matched SMA pair.

||Connect SAMPLE MRK OUT of first M8130A module with frequency counter channel 1, SAMPLE MRK OUT of second M8130A module with frequency counter channel 2 using

Tests (with frequency counter; 80000
or 90000 series oscilloscope required
for intra pair skew test)

Agilent Technologies
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