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Technology Licenses

The hardware and/or software described in
this document are furnished under a
license and may be used or copied only in
accordance with the terms of such license.

U.S. Government Rights

The Software is “commercial computer
software,” as defined by Federal Acquisition
Regulation (“FAR”) 2.101. Pursuant to FAR
12.212 and 27.405-3 and Department of
Defense FAR Supplement (“DFARS”)
227.7202, the U.S. government acquires
commercial computer software under the
same terms by which the software is cus-
tomarily provided to the public. Accord-
ingly, Keysight provides the Software to
U.S. government customers under its stan-
dard commercial license, which is embod-
ied in its End User License Agreement
(EULA), a copy of which can be found at
http://www.keysight.com/find/sweula. The
license set forth in the EULA represents the
exclusive authority by which the U.S. gov-
ernment may use, modify, distribute, or

disclose the Software. The EULA and the
license set forth therein, does not require
or permit, among other things, that Key-
sight: (1) Furnish technical information
related to commercial computer software
or commercial computer software docu-
mentation that is not customarily provided
to the public; or (2) Relinquish to, or other-
wise provide, the government rights in
excess of these rights customarily provided
to the public to use, modify, reproduce,
release, perform, display, or disclose com-
mercial computer software or commercial
computer software documentation. No
additional government requirements
beyond those set forth in the EULA shall
apply, except to the extent that those
terms, rights, or licenses are explicitly
required from all providers of commercial
computer software pursuant to the FAR and
the DFARS and are set forth specifically in
writing elsewhere in the EULA. Keysight
shall be under no obligation to update,
revise or otherwise modify the Software.
With respect to any technical data as
defined by FAR 2.101, pursuant to FAR
12.211 and 27.404.2 and DFARS 227.7102,
the U.S. government acquires no greater
than Limited Rights as defined in FAR
27.401 or DFAR 227.7103-5 (c), as appli-
cable in any technical data.

Warranty

THE MATERIAL CONTAINED IN THIS
DOCUMENT IS PROVIDED “AS IS,” AND IS
SUBJECT TO BEING CHANGED, WITHOUT
NOTICE, IN FUTURE EDITIONS. FURTHER,
TO THE MAXIMUM EXTENT PERMITTED BY
APPLICABLE LAW, KEYSIGHT DISCLAIMS
ALL WARRANTIES, EITHER EXPRESS OR
IMPLIED WITH REGARD TO THIS MANUAL
AND ANY INFORMATION CONTAINED
HEREIN, INCLUDING BUT NOT LIMITED TO
THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A
PARTICULAR PURPOSE. KEYSIGHT SHALL

NOT BE LIABLE FOR ERRORS OR FOR
INCIDENTAL OR CONSEQUENTIAL
DAMAGES IN CONNECTION WITH THE
FURNISHING, USE, OR PERFORMANCE OF
THIS DOCUMENT OR ANY INFORMATION
CONTAINED HEREIN. SHOULD KEYSIGHT
AND THE USER HAVE A SEPARATE
WRITTEN AGREEMENT WITH WARRANTY
TERMS COVERING THE MATERIAL IN THIS
DOCUMENT THAT CONFLICT WITH THESE
TERMS, THE WARRANTY TERMS IN THE
SEPARATE AGREEMENT WILL CONTROL.

Safety Notices

A CAUTION notice denotes a hazard. It
calls attention to an operating proce-
dure, practice, or the like that, if not
correctly performed or adhered to,
could result in damage to the product
or loss of important data. Do not pro-
ceed beyond a CAUTION notice until
the indicated conditions are fully
understood and met.

AWARNING notice denotes a hazard. It
calls attention to an operating proce-
dure, practice, or the like that, if not
correctly performed or adhered to,
could result in personal injury or death.
Do not proceed beyond a WARNING
notice until the indicated conditions
are fully understood and met.
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1 Introduction

Overview

This guide provides a detailed description of the Keysight N5991 HDMI
Test Automation Software Platform.

The BitifEye “ValiFrame” Test Automation software is globally marketed
and supported by Keysight Technologies as N5991. This document
describes the calibrations and test procedures conducted by N5991
ValiFrame for HDMI in detail.

The N5991 software implements compliance tests according to the
requirements of the CTS for HDMI Version 1.4, the CTS for Sink Devices of
HDMI Version 2.1, and the Generic CTS for Cat 3 Cables of HDMI

Version 2.1. It also offers additional custom characterization tests to
provide more details of the DUT behavior beyond the limits of compliance
testing.

The ValiFrame HDMI Receiver Tests support automatic control of Keysight
Technologies M8195A AWG. It calibrates the stress conditions and
controls all test electronic equipment for automated receiver tolerance
tests.

The definitions of the acronyms and abbreviations used throughout this
User Guide are given in Chapter 10, Appendix: Acronyms and
Abbreviations.
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Introduction 1

Document History

First Edition (December 2020)

The first edition of this user guide describes the functionality of software
version N5991 ValiFrame HDMI_1.0.

Second Edition (January 2021)

The second edition of this user guide describes the functionality of
software version N5991 ValiFrame HDMI_1.20 based on the HDMI Base
specification.

Third Edition (May 2021)

The third edition of this user guide describes the functionality of software
version N5991 ValiFrame HDMI_1.2.4 based on the HDMI Base
specification.

Fourth Edition (May 2022)

The fourth edition of this user guide describes the functionality of software
version N5991 ValiFrame HDMI_1.2.4 based on the HDMI Specification
Version 2.1.

Fifth Edition (December 2023)

The fifth edition of this user guide describes the functionality of software
version N5991 ValiFrame HDMI_1.3.0 based on the HDMI Specification
Version 2.1 (gCTS Revisions 1.4b and 2.1h).
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1 Introduction

Support and Troubleshooting

In case of problems when running the software, check the log list at the
bottom of the main window. The log file can be viewed by right-clicking
within the log list section (see red frame in Figure 1). The log file is
temporarily saved at C:\ProgramData\BitifEye\ValiFrameK1\Tmp. Note
that all log information will be lost when the N5991 application is
terminated unless you save the log file.

HOMI PHY N5991 ValiFrame = m} X
r. -
Flod & 2/ r 0 6 0
NEW LOAD SAVE EXPORT RESET | START PAUSE AROAT ABOUT
-9 Data Jiter fon clock) Calibration TP1 VGAB0Hz24 ~ 1D 8-5: Differential Swing All Channels 33V
-] b Data Jitter [on data) Calibration TP1 VGAG0Hz24 gﬂtme — :Irl:'fc e
° X I ware Version 306 ]
O Clock Jitter Calibration TP2 VGAB0Hz24 Calibration Data Version 1 o
-] o Clock Jitter Calibration TP2 (Data Jitter on Data) VGAGOIHz24 Compliant False
-0 (9 Clock Jiter Callbration TP2 VGAE0Hz24, 2nd Cable Emulator Non-compliance reason(s) Procedure offline; Software status unn
n @ En
(" Clock Jtter Calbbration TP2 (Data Jiter on Data) VGABOHz24, 2nd Cable £ Video Vodz 01: 640x430p @ 60 Hz
@ T Coler Depth 24 bit
L Color Space RGB full range
(9 HOMI 14 TMDS Clock 252 MHz
- @ |D 8-5: Differential Swing All Channels 3.3 V Use Color Bar pattern False
il Swi 0 my
O 9 |D 8.5 Differertial Swing All Channels 3V St.arl Differential S:.mg 1;“ my
© |0 06 e P Skew Data0 Minimum Differential Swing 70mV
-] 1D &#: Intra-Pair Skew Data0 Differential Swing Step Size 10my
(3% 1D 8. Intra-Fair Skew Datal Voltage Offset 33V
(™% ID 86 Intra-Pair Skew Data2 Voltage Offset Factor 2
O ® |D 86: Intra-Pair Skew Clock Chanel '-;oltage. Swing Factor -
° — . N Use Slider Dialog False
(1D HF251 : iter-Pair Skew Datal TMDS data to clock ratic 1:40 Fakse
- o ID HF2-51 : Inter-Pair Skew Datal = =
OC® ID HF251 - Inter-Pair Skew Data? Repetitions
[ 10 87 iter Toleranes VG ARNH 24 iter o on Clack
Severity Message Date
QD Critical Aborting sequence (initiated by current 09/08/2023 10:22:32 AM ~
(i) Info Sequencer is aborting ) Show Log File I 09/08/2023 10:22:32 AM
_ﬁ\w‘ammg Error occurred in procedure init COnly Severs Messages 09/08/2023 10:22:32 AM
_ﬁ\w‘ammg Aborting procedure sequence D Clear Log List 09/08/2023 10:22:32 AM
M\ Waming Sequence aborted Show | 09/08/2023 10:22.32 AM
) Crifical  Number of crifical errors in the last run: E oneens 09/08/202310:22:32 AM |
Ready eyt sr Critical Errors: 3, Warnings: 3 | SW Maintenance License is OK | Completed .
Group Logs
Figure 1 Accessing the log file

If a problem with an application persists, send the log file with the problem
to Keysight support.

The Keysight support team is also happy to help you should you require
further information about a particular application.

For support options, visit www.keysight.com/find/contactus.
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The test instruments that are together used for Test Automation are
referred to as a Test Station. This chapter describes how to configure and
start the N5991 ValiFrame HDMI Test Station.



ValiFrame HDMI Test Station

ValiFrame HDMI Station Configuration

The set of test instruments that are used for HDMI test automation are
referred to in the following as the “Test Station” or simply “Station”. The
test station is controlled by a suitable PC and the N5991 Test Automation
Software Platform.

First install the BitifEye N5991 ValiFrame HDMI software. Further details
about this and the licenses required can be found in the N5991 Getting
Started Guide.

The ValiFrame HDMI Station Configurator must be started prior to
launching ValiFrame. It allows you to select the required set of
instruments. Double-click the Station Configurator icon (see Figure 2) to
launch the software. Alternatively, to access the Valiframe Station
Configuration on a Windows 10-based PC, click

Start > BitifEye HDMI PHY N5991 >
HDMI PHY Station Configurator (N5991).

&

HDMI PHY
Station
Configurator
(N5991)

Figure 2 HDMI PHY Station Configurator icon
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ValiFrame HDMI Test Station 2

Test Station Configuration

When the Valiframe HDMI PHY Station Configurator is launched, the first
ValiFrame Station Configurator window appears as shown in Figure 3. The
station is already selected as HDMI PHY.

Station Configurator — O X
Spr 1: Station Selection Mote, the predefined addresses may not be comect!
Select Station: HDMI PHY e
Settings
Results Viewer Sounds

End of sequencer

(®) HTML TaDa ~| | Play
Connection diagram
None ~
Dialog prompt
None ~
Cancel Mext =
Figure 3 Station Selection window

You may optionally assign sounds to mark different states of the program
being reached.

1 End of sequencer plays the selected sound at the end of a sequence.

2 Connection diagram plays the selected sound every time a connection
diagram pops up.
3 Dialog prompt plays the selected sound at each dialog prompt.

In each case, select a sound from the drop-down options. ‘None’ disables
the sound for the respective action. Click Play to test a sound before
assigning it to a specific action.

When you have finished, click Next to continue.
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ValiFrame HDMI Test Station

The Station Configuration stage of the Station Configurator is displayed in
Figure 4. It shows the various options for instruments that can be used for
HDMI testing. The options are described here.

Station Configurator - m} X

Step 2: Station Configuration Note. the predefined addresses may not be comect!

System Configuration
ME155A System

This configuration uses a M8157A
sync module and two MB1354,
generators for HOMI output.

Unused Lane Temination:

Temination Fidure it

Cancel < Back Next >

Figure 4 Station Configuration Window

System Configuration

The ‘System Configuration’ part of the “Station Configuration” stage

defines the HDMI signal generator. By default, ‘M8195A system’ is the
signal generator available.

M819bA System. This configuration uses two M8195A generators for

HDMI output and a M8197A synchronization module to de-skew the
two M8T95A modules.

Unused Lane Termination

Select an option as the method to terminate any unused lanes:
Termination Fixture. Use a termination fixture.
Scope Probe. Use a scope probe such as
N5444A/N280XA
N5380A/B

Keysight N699THPTA HDMI 2.1 Receiver Compliance Test Automation Software — User Guide



ValiFrame HDMI Test Station 2

Test Instrument Configuration

Once the HDMI station is configured, the instrument addresses must be
set. An example for instrument configuration is shown in Figure 5.

Station Configurator - m} X
Step 3: Instrument Configuration Note, the predefined addresses may not be comect!
Instruments
Address Status Instrument Description
[ offline Not Checked Keysight DSO Real-Time Oscilloscope
[ offline Mot Checked DS0ZTHDMC D5021HDMC HDM| Oscilloscope Applici
[ offline Not Checked Keysight MB135A AWG AWG Data 1and Data 2
[ offline Mot Checked Keysight MB135A AWG AWG Clock and Data 0
[ offline Not Checked Keysight MB157A AWG AWG Sync module
< >
Check Connections
Cancel < Back
Figure 5 Instrument Configuration Window
NOTE Make sure that all the selected instruments for the test station are
connected to the test station PC controller by remote control interfaces
such as LAN or USB.

After the installation process, all instruments are configured by default in
“Offline” mode. In this simulation mode, hardware does not need to be
physically connected to the test controller PC. The ValiFrame software
cannot connect to any instrument in this mode. In order to control the
instruments that are connected to the PC, the instrument address must be
entered. The address depends on the bus type used for the connection, for
example, LAN or USB.

Most of the instruments used in the HDMI station require a VISA
connection. To determine the VISA address, run the “Keysight Connection
Expert”, which is part of the Keysight IO Libraries Suite. Either right-click
the Keysight 10 Control icon in the task bar and select the first entry
“Connection Expert” or select “Keysight Connection Expert” directly from

Keysight N6991THPTA HDMI 2.1 Receiver Compliance Test Automation Software — User Guide 17
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ValiFrame HDMI Test Station

the list of programs. For each instrument, copy the address string from the
Connection Expert entries and paste it as the instrument address in the
ValiFrame Station Configurator.

For further details about how to use the Keysight Connection Expert, see
the N5991 Getting Started Guide.

After the address strings have been entered, click Check Connections to
verify that the connections for the instruments are established properly. If
anything is wrong in the instrument address, the Configurator displays a
prompt to indicate so.

Click Finish to save the changes and close the ValiFrame Station
Configurator.

When starting a specific test station configuration for the first time, all
instruments are set to the “Offline” mode. In this mode the test
automation software does not connect to any instrument. This mode can
be used for demonstrations or checks only. NO VALID DATA IS
PRODUCED.
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Starting the HDMI Station

ValiFrame HDMI Test Station 2

Start the Valiframe HDMI Test Station by double-clicking the HDMI PHY
Valiframe (N5991) icon on the desktop as shown in Figure 6. Alternatively,
for a PC running Windows 10, start the Valiframe HDMI station from
Start / BitifEye HDMI PHY N5991 / HDMI PHY ValiFrame (N5991).

%

HDMI PHY
ValiFrame
(N5991)

Figure 6 HDMI PHY ValiFrame (N5991) icon

The ValiFrame N59971 connects automatically to the instruments that are
set to “Online” mode in the ValiFrame Instrument Configuration (see
Figure 5). The application is ready for use once all the connections have
been initialized successfully. Clicking the ValiFrame HDMI icon launches
the NB991 Test Automation Software Platform window as shown in
Figure 7.

The test parameters must be configured before you run any test or
calibration procedure. Click NEW (red frame in Figure 7) to open the
“Configure Product” window (Figure 9).

Keysight N6991THPTA HDMI 2.1 Receiver Compliance Test Automation Software — User Guide 19



2 ValiFrame HDMI Test Station

HDMI PHY M5%91 ValiFrame = O x
Pl d & 9 n e e
NEW] LOAD SAVE EXPORT RESET | START PAUSE  ABORT ABOUT

SN DM PHY - not configured ~  HdmiPhy

Repetitions 1]
User Name Unknown User
v Dso
Uze internal probe head termination voltage True
~ MB195A- HDMI Sig. Gen.
DOVl Mede False
Fill up blanking pericds with Mull packets False
Keep the signals after test? False
Skip Pattern generation True
Dffset position of first packet in line 1
~ SCDC Coniroller
SCDC supports Character Error Detections Falze
Skip Link Training Falze

Start delay between SCOC controller and TMDS signal 100 ms

Repetitions
Severity Message Date
#*Progress  Instrument Connections 1115/2023 011050 FM ~
gﬁ Progrese Mot opening connection to DSO Infiniium Series because it is configured to be offline. 11/15/2023 01:10:50 FM
@*Progress  Not opening connection to DI021HDMC beczuse it is configured to be offline. 11/15/2023 01:10:50 PM
@*Progress  Not opening connection to M31354 because it is configured to be offline 11/15/2023 01:10:50 PM
,ﬁ Progrese Mot opening connection to M31354 because it is configured to be offline 11/15/2023 01:10-50 PM
#*Progress  Not opening connection to M31974 because it is configured to be offline 11/15/2023 01:10:50 PM
(i) Info HDMI PHY N5331 ValiFrame startup ¢ 11/15/2023 01:10:53 PM_
Ready IWamings:1 5W Maintenance License is OK | Not Running -
Figure 7 ValiFrame HDMI user interface
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ValiFrame HDMI Test Station 2

FRL IP Auxiliary Files

When you launch the ValiFrame Station for the first time, a dialog
prompting for FRL IP Auxiliary files appears (see Figure 8). Note that FRL
cable tests are available only if the WCM and PCB loss models are located
on the same machine as the ValiFrame software. These files can be added
by using the HDMI IP Auxiliary installer (provided by BitifEye) or by
downloading them from the HDMI Forum.

FRL IP Auxiliary Files Missing x

Cable models (WCM3 and SCM3) and [5] (with WCM3 only) models
are missing on this computer. These files are required for FRL tests.
Flease select one of the options to fix this issue:

(") Run TMDS tests only.

() 1will run the "HDMI PHY IP Auxiliary Files' installer available from BitifEye
Contact BitifEye

() Impart the reguired files downloaded from the HOMI Forum (Sink Only)
https #imembers . hdmiforum. orgiwg/Testidocument 23545

Figure 8 FRL IP Auxiliary dialog
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ValiFrame HDMI Test Station

Configuring the DUT

The “Configure Product” window (Figure 9) allows you to select the DUT
parameters, such as Product Type and Test Mode (either Compliance
Mode or Expert Mode), but also other parameters that are related to the
Sink/Cable test configuration. These parameters will be used later in

several calibrations and test procedures.

Configure Product

Product
Diescription
Product Mumber: [HdmiPhy - | Serial Number:
Product Type:  Sink e Port Mame: 1 ~
Test
Test Mode Lrwi

User Name: Unknown User
© Compliance Mode

Initial Start Date:  9/4/2023 1:30:14 PM
() Expert Mode

Last Test Date:  9/4/2023 1:30:14 PM
Sink: Test Configuration

DUT Settings
TMDS FRL

Max supported TMDS Bit Rate: 5.94 GBit/s

TMDS Fixture Type: BitfEye Bit -1010-0200-0 Ty ~
Supported Video Modes (CEA codes):  Color Depth: Color Space:

@ 01: 640x480p @ 60 Hz @21 () RGE full range

() 01: 640x420p @ 59.94 Hz | 301 B RGE limited range

[ 02: 720x480p @ B0 Hz 1361 [C] YCbCr 422/444 ITU-R708 limited range
(7] 02: 720x480p @ 59.34 Hz

() YCbCr 422/444 ITU-R709 full range
() YCbCr 422/444 ITUU-RE01 limited range
(] YCbCr 422/444 ITU-RED1 full range
[ xwYChCr 4:4:4 ITU-R703 limited range

[0 03: 720x420p @ 60 Hz
(] 03: 720480p @ 59.54 Hz
() 04: 1280x720p @ 60 Hz

Select all CEA modes DD

Figure 9

22

Equipment Settings

Scope Configuration

[ Keep Signals After Test
Probe Head Type:
NE4444

Probe Amplifier Type:
NZBXHA w

BER Reader / SCDC Controller
Offline BER Reader ~

Address:

Configure Product panel for product type ‘Sink’
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ValiFrame HDMI Test Station 2

Configuration Parameters

The names and descriptions of parameters that appear in the “Configure
Product” window are divided up in the Configure Product panel as follows:

Product Parameters (Table 1 on page 23)
Test Parameters (Table 2 on page 24)
Test Mode
Sink Test Configuration Parameters (for Product Type “Sink”)
DUT Settings
TMDS (Table 3 on page 25)
FRL (Table 4 on page 26)
Equipment Settings
Scope Configuration
BER Reader / SCDC Controller
Cable Test Configuration Parameters (for Product Type “Cable”)
Cable DUT Settings
Equipment Settings
Scope Configuration

These parameters are described in more detail in the following sections.

Product Parameters

The product parameters, which give details of the product (DUT), are listed
and described in Table 1.

Table 1 Product parameters
Parameter name Description
Product Number Name of the product (set as HDMI PHY).
Serial Number Serial number of the product.
Product Type The available product types are ‘Sink’ and ‘Cable’. The list of calibrations and tests in the procedure

tree will vary according to the type selected.
Port Name Select a port number between 1 and 10.

Description Text field to describe the product.
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Test Parameters

The test parameters, which give details of the test situation, are
considered in the following sections. First, the general parameters are
listed and described in Table 2.

Table 2 Test Parameters (general)
User Name User name text field.
Comment Text file for user comments.
Initial Start Date Time stamp of the start of the current session.
Last Test Date Time stamp of the last test conducted in the current session.
Test Mode = Compliance Mode: Tests are conducted as mandated by the CTS. The parameters that are

shown in the calibrations and test procedures cannot be modified by the user.

= Expert Mode: Calibration and tests can be conducted beyond the limits and constraints of the
CTS. The parameters that are shown in the calibrations and test procedures can be modified by
the user.
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Sink Test Configuration Parameters

This section describes the parameters to configure a sink test. An example
configuration is shown in the lower half of Figure 9 on page 22.

DUT Settings

The DUT Settings for sink test configuration are further divided into two
sections: those for ‘TMDS’ testing (Table 3) and those for ‘FRL’ testing
(Table 4), which have different “tabs” in the Configure Product panel.

Table 3 Sink Test Configuration Parameters (for TMDS)
TMDS Parameter Name Description
Max supported TMDS Bit Rate This parameter enables the test list to be filtered with respect to the maximum TMDS bit rate

supported by the DUT. The list of test procedures will only include video mode, color depth and
color space combinations with a TMDS bit rate equal to or below the entered value.

TMDS Fixture Type Select different fixture types for the oscilloscope measurements where the fixture can be
de-embedded. The options are:
= High Z Probe
= Wilder HDMI TPA-P
= BitifEye BIT-1010-0200-0 Type A

= Other
Supported Video Modes (CEA codes) Select one or more video modes supported by the DUT.
Color Depth Select one or more color depth options supported by the DUT.
Color Space Select one or more pixel-encoding options supported by the DUT.
Select all CEA modes Selecting this option enables all standard CEA video modes.
3D Selecting this option adds 3-dimensional video modes to the test procedures.
DVI Mode Selecting this option enables DVI compatibility. Available only in Expert Mode.
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Table 4 Sink Test Configuration Parameters (for FRL)
FRL Parameter name Description
FRL Test Patterns Select the pattern used for sink tests.
Max supported FRL Lanes Select the maximum number of FRL lanes supported by the DUT.
Max supported FRL Rate This parameter enables the test procedure list to be filtered with respect to the maximum FRL bit

rate supported by the DUT.

FRL Fixture Type Select different fixture types for the oscilloscope measurements where the fixture can be
de-embedded. The options are:
= BitifEye 2.1 TPA
= Wilder 2.1 TPA
= Luxshare 2.1 TPA

Equipment Settings
Table b gives the Equipment Settings available for sink test configuration.

Table 5 Sink Test Configuration Parameters (Equipment Settings)

Parameter name Description

Keep Signals After Test When this option is checked, the software allows you to pause and keep signal outputs active
between test procedures so that signals can be checked after a test has been run with the DUT.

Probe Head Type Select the probe head for the oscilloscope measurements. The options are:
= None
= N5444A
= N5380A/B (only in Expert Mode)
Probe Amplifier Type Select the amplifier for the oscilloscope measurements. The options are:
= N28XXA
= N7010A
= N7003A
BER Reader / SCDC Controller This parameter includes a BER Reader to improve test automation. You may also use an HDMI SCDC

Controller to set HDMI 2.1 SCDC bits automatically and use the bit error ratio reading capability.

= HDMI SCDC Controller/Allion SCDC Controller. Select one of these options if an SCDC
Controller should be used for SCDC bits. Optionally, it can be configured to read character errors
automatically. The SCDC Controller can be connected directly to the PC running ValiFrame via
USB or to a remote PC running the BitifEye Remote Instruments Server. If there is a direct
connection, leave the ‘Address’ field blank. Otherwise you must enter the Host IP address for the
BitifEye Remote Instruments Server.

= If no BER Reader is available, select the option ‘Offline BER Reader’. ValiFrame will then use
dialog boxes to guide you through setting SCDC bits and checking for errors during the tests.
This option is only available for TMDS tests. If ‘Offline BER Reader’ is selected, HDMI 2.1 - FRL
tests are not available.
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Cable Test Configuration Parameters

This section describes the parameters to configure a cable test. An
example configuration is shown in the lower half of Figure 10.

Configure Product

Product
Description:
Product Number: | HdmiPhy ~ | Serial Number:
Product Type:  Cable ~ Fort Name: 1 ~
Test
Test Mode Comment:
User Name:  Unknown User
(_) Compliance Mode
Initial Start Date:  11/13/2023 1:34:41 PM
© Expert Mode
Last Test Date:  11/13/2023 1:34:41 PM
Cable Test Configuration
Cable DUT Settings Equipment Settings
Cable Type: Scope Corl1figura1ion
User Defined v () Active Cable [ Keep Signals After Test
Cable Equali Pixel Clock: Aia
able Equalizer: ixel Clock: N .
Off w 335 MHz ;
——— Probe Amplifier Type:
N7003A ~

Channel Connection Mede for Tests:

© 2/ O 4lanes

OK

Figure 10 Configure Product panel for product type ‘Cable’

NOTE FRL cable tests are available only if the WCM and PCB loss models are

located on the same machine as the ValiFrame software. See FRL IP
Auxiliary Files on page 21.
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Cable DUT Settings

Table 6 describes the cable test configuration parameters found under
cable DUT settings.

Table 6 Cable Test Configuration Parameters (Cable DUT Settings)
Cable type Select the category of the DUT. The options are:

= Category 1 (Home)
= Category 2 (Home)
= Category 3 (FRL)

= User Defined

Active cable Select this check box if the connected DUT is of the ‘active cable’ type.

Cable Equalizer Available only for Cable Types ‘Category 2 (Home)' and ‘User Defined’ and only in Expert Mode.
Select as
= Off

= 2 m Cable Equalizer
= 5m Cable Equalizer
= 10 m Cable Equalizer

Max. Supported FRL Lanes Available only for Cable Type ‘Category 3 (FRL) and only in Expert Mode.
Select the maximum number of supported data lanes as:
= 3 Data Lanes
= 4 DataLanes

Max. Supported FRL Rate Available only for Cable Type ‘Category 3 (FRL) and only in Expert Mode.
Select the maximum supported data rate as:
= 3Gb/s
= 6Gb/s
= 8Gb/s
= 10Gb/s
= 12Gb/s

FRL Fixture Type Available only for Cable Type ‘Category 3 (FRL).
Select the fixture type:
= BitifEye 2.1 TPA
= Wilder 2.1 TPA
= Luxshare 2.1 TPA
= (Only for User Defined type): Set the pixel clock rate of the cable here.

Pixel Clock Available only for Cable Type ‘User Defined’, which is only available in Expert Mode.
Set the pixel clock rate of the cable here.
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Equipment Settings

The Equipment Settings available for cable test configuration are
described in Table 7.

Table 7 Cable Test Configuration Parameters (Equipment Settings)
Keep Signals After Test When this option is checked, the software allows you to pause and keep signal outputs active

between test procedures so that signals can be checked after a test has been run with the DUT.

Probe Head Type Select different probe heads for the oscilloscope measurements. The options are:
= None
= N5444A
= N5380A/B (only in Expert Mode)

Probe Amplifier Type Select different probe amplifiers for the oscilloscope measurements. The options are:
= N28XXA
= N7010A
= N7003A

Channel Connection Mode for Test This parameter allows you to select the number of connections required for oscilloscope
measurements. The available choices depend on the oscilloscope and may include
= 2lanes
= 4lanes
If the accessories for a 4-connection setup are available and the generator does not have any
limitations, the 4-connection setup should be chosen as this has the advantage that most of the
tests can be run without altering the setup.
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This chapter describes how to select the calibrations and test procedures
that are to be run and how you can modify the parameters in expert mode
— if required — to go beyond the tests specified by the CTS.
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Introduction

Once the DUT has been configured, click ‘OK’ in the “Configure Product”
panel. All calibration and test procedures are included in the respective
groups in a manner similar to how they are organized in the specifications.

HDMI PHY MN5991 ValiFrame = O xX
£ I i [
o d & 9 n e i
NEW LOAD SAVE EXPORT RESET | START | PAUSE ~ECRT ABOUT
SR . [& 3 HDMI PHY - Sink ~ HdmiPhy
: ) Repetitions 0
2@ (Y M8195A - HDMI Sig. Gen
an 0 ca 9 User e Unknown User
=@ Caliration @ [
- '@ Skew Calibration Use internal probe head termination voltage True
8 (Y Fall/Rise Time Calibration ~ MB8195A-HDMI Sig. Gen.
e .@ HDMI 1.4 E.‘-.'I Mode ) False
-0 Fill up blanking periods with Null packets False
-8 CJ Swing Calibration Clock+ Keep the signals after test? False

] @ Swing Calibration Clock-
- @ Swing Calibration Datal+
- @ Swing Calibration Datal-
= - | @ Swing Calibration Datal+
.@ Swing Calibration Datal-
- @ Swing Calibration Data2+
- @ Swing Calibration Data2-
] @ Clock Jitter Calibration TP1 WGAS0Hz24

- B Data Jitter {on clock) Calioration TP1 VGAG0Hz24 Repetitions
= - | @ Data Jitter (on data) Calibration TP1 WGAE0DHz24

generation True

n of first packet in line 1

w SCDC Controller
SCDC supports Character Error Detections False
Skip Link Training False
Start delay between SCOC controller and TMDS signal 100 ms

Severity Message Date
# Progress Instrument Connections 11/13/2023 04:26:24 PM
;.f*ngress Mot opening connection to DSO Infiniium Series because it is configured to be offline 11/13/2023 04:26:24 PM
;.f*ngress Mot opening connechion to DS02THDMC because it is configured to be offline. 11/13/2023 04:26:24 PM
;.f*ngress Mot opening connechion to M8135A because it is configured io be offline. 11/13/2023 04:26:24 PM
;.f*ngress Mot opening connechion to M8135A because it is configured io be offline. 11/13/2023 04:26:24 PM
;.f*ngress Mot opening connechion to M8137A because it is configured io be offline. 11/13/2023 04:26:24 PM
i) Info HDMI PHY N5391 ValiFrame startup complete! 11/13/2023 04:26:26 PM
Ready Warnings: 1 | SW Maintenance License is OK | Not Running .
Figure 11 HDMI main window
The parameter grid on the right side of the window shows the parameters
that are related to the individual procedure or group of procedures
selected on the left.
The log list in the bottom pane of the window shows calibration and test
status messages (regular progress updates as well as warnings and error
messages).
The status bar at the very bottom provides information about how many
critical errors have occurred, how many warnings have been sent, the
status of the software maintenance license and whether ValiFrame is
running.
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To start one or more procedures, select the corresponding check box(es).
Then the ‘Start’ button is enabled and turns green (outlined in red in
Figure 11). Click Start to run the selected procedure(s).

Once all the procedures have been run, the N5991 configuration can be
stored as a single “.vfp’ file using the ‘Save’ button and recalled using the
‘Load’ button without the need to configure the DUT again.

Before executing the calibration or test procedures, ensure that the
HDMI Station Configuration is conducted properly with all necessary
instruments, such as the Infiniium oscilloscope, set to “online”. All
calibrations can be run in offline mode, that is, without any instrument
connected. The offline mode is intended for product demonstrations with
simulated data. CALIBRATIONS RUN IN OFFLINE MODE DO NOT
GENERATE VALID CALIBRATION DATA.

If you have already performed calibrations and tests, when you update
ValiFrame and open it, you may see several log messages saying that the
measurements are not compliant. This is because ValiFrame now records
the exact setup and software version used for the calibrations and, even
if your setup has not changed, the information required by ValiFrame to
categorize the results as compliant is not available. Compliance
information is also available in the result report of each procedure.
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Selecting, Modifying, and Running Tests

Selecting Procedures

The calibration and receiver test procedure groups can be selected
globally by clicking the check box at the top of the group. Alternatively, an
individual test procedure can be selected by checking the corresponding
check box. Click ‘Start’ to run the selected test procedures.

Procedures available only in Expert Mode, that is, those that are not
required for compliance, are listed in the procedure tree in a separate
group “Expert Mode” after the groups HDMI 1.4, HDMI 2.1 - TMDS and
HDMI 2.1 - FRL for sink DUTs and after the groups Cable Tests - Data
and Cable Tests - Clock for cable DUTs (categories 1 and 2).

Modifying Parameters

Most calibration and test procedures as well as the groups containing
them have parameters that control the details of how the procedures are
run. In compliance mode, most of these parameters are read-only. In
expert mode, almost all the parameters can be modified. First, select a
specific calibration or test procedure or one of the groups contained in the
Nb5991 procedure tree as shown in Figure 12. The parameters are
displayed in a property list (parameter grid) on the right side of the
window. These parameters can be configured only before the selected
procedure subgroup or procedure is started. All of the selected test
parameters are listed in the test results.
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3

Fod & 9 n e

MEW LOAD SAVE EXPORT RESET | START PAUSE  ABORT

e-0E3 HOMIEHY - Sink
&~ M8195A - HOMI Sig. Gen.

=} D@ Calibration

7] @ Skew Calibration

Fall/Rise Time Calibration

<

TMDS Clock

True

130
Unknown
False

Procedure offline;

0Hz
Min Transition 40ps
-] @ Swing Calibration Clock + Step Size 1Df.||)ps
- @ Swing Calibration Clock- Max Transition 600 ps
[:]@ Swing Calibration Datal+ Integration Time 5
D@ Swing Calibration Datal- = ;:f:rsrna\ Swing 600 mV
uencer
-0 @ Swing Cafibration Data+ Frocedure Error Case Behavior Abort Sequence

C]@ Swing Calibration Datal-

Procedure Failed Case Behavior Proceed With Next Procedure

[:]@ Swing Calibration Data2+ Repetitions 1]
C]@ Swing Calibration Data2-

[:]@ Clock Jitter Calibration TP1 VGAB0Hz24

-4 Data Jiter fon clock) Calibration TP1 VGAB0Hz24 Repefitions

] b1 Data Jitter {on data) Calibration TP1 V Hz24
Seventy Messzge Date
#*Progress  Instrument Connections 11/16:2023 01:46:38 PM ~
#* Frogress Mot opening connection to DSO Infiniium Series because it is configured to be offline. 11/16/2023 01:46:38 PM
#* Frogress Mot opening connection to D9021HDMC because it is configured to be offline. 11/16/2023 01:46:38 PM
% Progress Mot opening connection to M3135A becauss it is configured to be offline. 11/16/2023 01:46:38 PM
;?Progress Mot opening connection to M8135A because it is configured to be offline. 11/16/2023 01:46:38 PM
@Progms Mot opening connection to M8137A because it is configured to be offline. 11/16/2023 01:46:38 PM
(i) Info HOMI PHY M5981 ValiFrame startup complete! 11/16/2023 01:46:40 PM v
Ready IWarmng;: 1 I SW Maintenance License is OK I Not Running  ;

Figure 12 Modifying parameters in the HDMI PHY N5991 ValiFrame main window

Running Procedures

To run the selected procedure, click the Start button on the toolbar (see
Figure 12). The procedures are run sequentially in the order shown in the
procedure selection tree. Some procedures may require user intervention,
such as changing cable connections or entering DUT parameters. The
required action is prompted in pop-up dialog boxes before the
calibration/test procedures are run.

To view the connection diagram, right-click the desired test or calibration.
From the right-click menu, select “Show Connection...”.

The status of each procedure is indicated by the round icon next to its
name in the procedure tree. For more details about the meanings of the
icons, see the N5991 Getting Started Guide, which can be downloaded
from the BitifEye homepage.
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Required Calibration Data

36

Some of the calibration procedures and most of the test procedures
require calibration data that has been measured previously. You can see
the calibration data required by a particular procedure by right clicking its
name in the procedure tree and selecting ‘Required Calibrations’. A list of
the prerequisite calibrations drops down (Figure 13).

HDMI PHY N5991 ValiFrame e ] X

P "
o dd 2|0 0 e
NEW LOAD SAVE EXPORT RESET | START PAUSE AECORT ABOUT

1R Furad Moda

8-7: Jitter Tolerance V

9 |D HF2-51 : Inter-Pair Skew Datal
9 ID HF2-51 : Inter-Pair Skew Datal
Q ID HF2:51 : Inter-Pair Skew Data2
Q1D 87 Jiter Tolerance VGA

Jitter Tolerance \

60Hz24 Jitter only on Clock
0Hz24 Jitter only on Clock, 2nd Cable Emu
ABDHz24 Jitter on Clock and Data

°|D 87 itter Tolerance VGABDHz24 Jiter on Clock and Data, 2nd Cable|

QD515 Char

Severty

(i) Info
(i) Info
(i) Info
(i) Info
#* Progress
% Progress
(i) Info

Meszage

Test result saved to C:\Progy

Procedure is running offlingd
ID 8-5: Differential Swing AN

m— "

Required Calibrations

©
@

0O OO 6

Skipping connectien to SCIE @

|D 8-5: Differential Swing Al

ID 8-5: Differential Swing AN
Test result saved to C:\Progy

Ready

Coler Depth

Color Space

TMDS Clack

Use Color Bar pattern
Use Swing Calibration
Deszired Skew Accuracy
Differential Swing
Clock Jitter Margin

Data Jitter Margin

ilataigSearch

Swing Calibration Clock-
Swing Calibration Datal+
Swing Calibration Datal-
Swing Calibration Datal+
Swing Calibration Datal-
Swing Calibration Data2+
Swing Calibration Data2-

Clock Jitter Calibration TP1 VGABIHZ24

Diata Jitter (on datz) Calibration TP1 VGAEIHz24

Clock Jitter Calibration TP2 (Data Jitter on Data) VGABIHZ24

in Step Size
% !Q P
bouracy
ulator

>

5

24 bit

RGE full range

252 MHz
False
Tue

100 mTBit
300 mV

0 TBit

0 TBit
None
100 mTBit
10 mTBit
27 MHz JAE

s on Clock for JAE CE False

E Error Case Behavior Abort Sequence
E Failed Case Behavio Proceed With Next Procedure

0

on_clock__Calibraion_TP1_VGA!

Date

05/08/2023 03:48:24 PM
09/08/2023 03:48:25 FM
05/08/2023 03:48:25 PM
05/08/2023 03:48:29 PM
09/08/2023 03:48:23 FM
05/08/2023 03:48:44 PM

>

ferential_Swing_All_Channels_3 3 03082023 03:48:52 PFM -

<

>

Figure 13

Example list of required calibrations

Warnings: 0 | W Maintenance License is OK | Completed -

The icon next to the name of a calibration procedure in the list indicates
whether the calibration has been run successfully (green), is incomplete

(yellow), failed (red) or has not yet been run (gray).
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Run-Time Data Display

Exporting Results

Most procedures generate data output. While the procedure is running,
the data is displayed in a results window, which opens automatically for
each individual procedure.

Any results windows that are open during the procedure runs are closed
automatically once the specific procedure is finished. As long as the
Nb5991 Software is running, each result file can be reopened by
double-clicking the respective procedure. However, the individual files are
lost when the N5991 main window is closed, unless you save the individual
files or a collection of them.

For your convenience, all individual results are summarized in an HTML
document at the end of the test run (see Figure 14 on page 38). All
calibration and test data worksheets can be saved in a workbook by
clicking the Export button on the toolbar of the HDMI PHY N5991
ValiFrame main window. Keysight recommends performing this action at
least at the end of each HDMI PHY N5991 ValiFrame procedure run to
avoid any data loss. If the calibration and test procedures are conducted
several times during the same HDMI PHY N5991 ValiFrame run, the
resulting worksheets are combined in a workbook. If a test procedure is
conducted without prior execution of calibration procedures in the same
test run, only the test results will be saved to the workbook.

As a safety feature, all calibration and test results are saved by default to
the N5991 “Tmp” directory (C:\ProgramData\BitifEye\ValiframeK1\Tmp).
The sub-folder “Results\HdmiPhy Station” contains the HTML files of the
final results measured at each calibration and test procedure.

In addition to the calibration data HTML files, calibration data files are
generated. These files are saved by default to the N5991 calibrations
folder ‘C:\ ProgramData\BitifEye\ValiframeK1\HdmiPhy\Calibrations’. If
these calibrations are run again, the data file is overwritten. To save the
calibration data files at each configuration, the files must be copied from
this folder and saved manually in a different folder before the calibrations
are rerun.
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¥ o [Not Compliant]
() B,,l tif Ey e Shows the test results as an overview
Digital Test Solutions

O Show all results
© show only selected

Sang o sion Clocke Passed  Faise nknown Inknown

Tee 13.0.20 Frknen; 2038 Salse

assed  False Unknovn, nknoun R

pre——
Caltbracien,

02 :
Cilibracien

o 1.3.0.10

a2se
Software svacus unreleased;
Raquired cai not complisnc: Skew
Ca s Tiza
@ Catfbracion . Passed  Talse nknovn, Gnknon Taise

Figure 14 Example summary page (just the top) of an HDMI PHY N5991 ValiFrame
workbook
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Sequencer Parameters

The HDMI parameters are of three types:

Sequencer Parameters
Common Parameters
Procedure Parameters

Using the Software 3

The sequencer parameters control the flow of the test sequencer only, not
the behavior of individual procedures. One of them, Repetitions, is
available for all procedures and groups in the procedure tree. The others
are only available for procedures. Like all other parameters, the sequencer
parameters are shown in the right half of the ValiFrame user interface and
you may manually change them, as illustrated in Figure 15.

HDMI PHY N5991 ValiFrame = O x
G -
o d g 9 n e i
NEW LOAD SAVE EXPORT RESET | START PAUSE ABORT ABOUT
E‘D@ HDMI PHY - Sink w Fall/Rise Time Calibration
&% M8195A - HDMI Sig. Gen. True
: 130
=] @ Calibration Jnknown
D@ Skew Calibration False
- YR Procedure offline:
= il y: 0Hz
0w Min Transition 40ps
O @ Swing Calibration Clock+ Step Size 100 ps
-] @ Swing Calibration Clock- Max Transition 600 ps
- @ Swing Calibration Datal+ Integration Time 5
- D@ Swing Calibration Datal- Differential Swing §00mY
- o ~ | Sequencer
-0 @ Swing Calibration Datal+ Procedure Error Case Behavior Abort Sequence
D@ Swing Calibration Datal- Procedure Failed Case Behavior Proceed With Next Procedure
-] @ Swing Calibration Data2+ Repetitions a
= D@ Swing Calibration Data2-
D@ Clock Jitter Calibration TP1 VGAG0Hz24
-] @ Data Jitter {on clock) Calibration TP1 VGAB0Hz24 Repetitions
-] ° Data Jitter (on data) Calibration TP1 VGAGIHz24
Seventy Message Date
;ﬁ Progress Instrument Connections 11/1672023 01:46:38 PM A
? Progress Mot opening connecton to DSO Infinilum Series because it is configured to be offline. 111672023 01:46:38 PM
4% Progress Mot opening connection to D302 1HOMC because it is configured to be offine. 1111672023 01:46-38 PM
4% Progress Mot opening connection to M81354A because it is configured to be offline. 11/16/2023 01:46:38 PM
#* Progress Mot opening connection to M81354A because it is configured to be offline. 11/16/2023 01:46:38 PM
gﬁ Progress Mot opening connection to M31374 because it is configured to be offline. 111672023 01:46:38 PM
(i) Info HDMI PHY N5331 ValiFrame startup complete! 11/16/2023 01:46:40 PM v
Ready IWamlng;:'I SW Maintenance License is OK | Mot Running  ;

Figure 15

HDMI sequencer parameters
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All sequencer parameters are listed in alphabetical order in Table 8 on
page 239.

Common Parameters

The common parameters are used for several related calibration or test
procedures. They are shown on the right side of the ValiFrame user
interface when the selected entry of the procedure tree on the left is a
group instead of an individual procedure.

The HDMI Receiver Test Software has some group parameters (in addition
to “Repetitions”) on the top-level entry of the HDMI procedure tree. These
are common for all Valiframe HDMI PHY calibration and receiver test
procedures.

All of the common parameters are listed in Table 9 on page 240 in the
order they appear in the user interface.

Procedure Parameters

The Procedure Parameters are all such parameters that are not part of any
of the previously described categories. They are shown on the right side of
the ValiFrame user interface when the selected entry of the procedure tree
on the left is an individual procedure. Their purpose is to modify the
behavior of that single procedure. Procedures often have parameters with
the same name, but pre-configured settings always apply to the selected
procedure, while their meaning may be slightly different.
The procedure parameters are listed alphabetically in

Table 10 on page 241 (parameters used in all procedures)

Table 11 on page 242 (parameters for sink calibrations)

Table 12 on page 246 (parameters for cable calibrations)

Table 13 on page 250 (

(

Table 14 on page 259 (parameters for cable tests)

parameters for sink tests)
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Before any sink or cable test procedure can be run, the HDMI PHY test
system must be calibrated. The procedures used for a sink DUT are
described in this chapter.



4 HDMI Sink Calibrations

Overview

42

The purpose of the calibration procedures is to calibrate the TDMS and
FRL signal generator levels and timings.

ValiFrame automatically determines the required calibration procedures
according to the parameters set in the Configure Product dialog, including
Product Type (sink or cable)
Test Mode (compliance or expert)
TMDS or FRL
Supported Video Modes
Color Depth
Color Space
Cable Type
The results of each calibration are stored in the ‘Calibration’ folder of

ValiFrame, so that they can be used for another calibration or test, as
required.

The order of the procedures in the procedure tree is driven mainly by the
calibration dependencies.

For calibrations, in general, the following calibrations are prerequisite:
The appropriate skew calibration.
All the calibrations listed above it in the same branch of the procedure
tree.

They are not listed explicitly for each calibration in this User Guide.
However, they can be found directly in the application (see Required
Calibration Data on page 36 of this User Guide).

Note that ValiFrame attempts to reduce the calibration effort by
coalescing similar data rates into one calibration, when no significant
deviation in the results is expected.

DC and single-ended levels are always determined with respect to the
termination voltage.
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Calibrations for Both Sinks and Cables

Skew Calibration

Purpose and Method

This calibration is used to de-skew the setup. Because of the differences in
length between Clock, Data0, Datal and Data?, the output signals are not
aligned on the same base. Additionally, this calibration performs the
module alignment of the two M8195A modules using the M8197A
synchronization module.

The length differences are measured in several steps and finally saved in a
calibration table. With additional steps, the software measures the
module-to-module skew for specific sample frequencies and saves this in
a calibration table as well. For each test, this data table is used to de-skew
the signals.

Connection Diagram

During the test, the software prompts you to change the outputs
connected to the oscilloscope. Initially, M8195A module 1 outputs (Clock
and Data0) must be connected. Thereafter, these must be replaced with
M8195A module 2 outputs (Datal and Data?). Finally, to calibrate the
module-to-module skew, you must connect both modules 1 and 2 to the
oscilloscope. See Figure 16, Figure 17 and Figure 18.

Figure 16 Example connection diagram for Sink Skew Calibration (connection 1)
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Figure 17 Example connection diagram for Sink Skew Calibration (connection 2)

. 4
Data0 Datal

Figure 18 Example connection diagram for Sink Skew Calibration (connection 3)
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Result Description

The example result in Figure 19 shows the calibration data used to
de-skew the setup.

The second page of results gives the module-to-module skew for various
frequencies set on the AWG (Figure 20).
Skew Calibration

[Not Compliant]

Skew Calibration

-—--General----

O0ffline True

Seftware Version 1.3.0

Compliant False

Non-complisnce reason(s) Procedure offline; Scftware status unre
Step size of sample freguency 250 MH=z

User Name Unknown User

-——-ME1%54 - HIDMI Sig. Gen.———-

VI Mode False
Fill up blenking pericds with MNull packets False
Eeep the signals after test? False
Skip Pattern generstion True

-=--SCDC Controller—-—-

SCDC supports Character Error Detections False

Skip Link Training False

Start delay between SCDC controller and TMDS signal 100 ms

———-Dso----

Use internzl probe head termination voltage True
e
pass IHIG1.CHI+ ©to AWG1.Ch2+ 0.o02
pass IHG1.CH1+ to BWG1.Ch3- 0.003
pass IHIG1.CHI+ ©o AWG1.Chd- 0.o02
pass IHG2 _CH1+ to BWGZ.Ch2+ 0.003
pass IHIG2 .CH1+ ©o AWGZ.Ch3- 0.004
pass IHG2 .CH1+ to BWGZ.Chd- 0.005

Figure 19 Example result for Skew Calibration

Result: (Pass/Fail) Test is considered as passed if the measured skew is
below the maximum limits.

Identifier: The skew is measured between these M8195A outputs.
Skew Value [ns]: Measured skew value for each output

Keysight N6991THPTA HDMI 2.1 Receiver Compliance Test Automation Software — User Guide 45



4 HDMI Sink Calibrations

SkewCalibration_ModuleToModule
[Not Compliant]
Calibrates the medule to module skew

600.0 : . . .

—&— Skew Value

480.0 -

360.0 -

240.0

120.0 4

0.0 __%_

-120.0 + ]

Skew Value [ps]

2400 F ]

-360.0 | 5

-480.0 + .

-600.0 ————t
52.8 55.4 58.0 60.6 63.2 65.8
Sample Frequency [GHz]

———-General-——-

Offline Trus

Software Versiocn 1.3.0

Compliant False

Non—compliance reasoni(s) Frocedure offline; Scftwsre st
Step size of sample freguency 250 MH=

User Hame Unknown User

———-M215EL - HIMI Sig. Gen.————

VI Hode False
Fill up blanking pericds with Hull packets False
Eeep the signsls after test? False
Skip Pattern generaticn Trus

====8CDC Controller-—

SCDC supports Character Error Detections Falze
Skip Link Training False
Start delay between 3CDC controller amd TMDS sigmal 100 ms
—===Dsg=——==

Use internzl probe head termination voltzge Trus
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Sample |
Beoult Frequency “ke? :?lue
[GHz] =

pass 53_TED -12.0
pass 54_010 -13.7
=EEE] 4. 20 -15.2
DEsS 54_510 -le.&
pass 54 _TED -17.7
j=EEE] 55_010 -18.¢&
pass E5_2ZED -15.3
DEsS 55.510 -15.8
pass E5_TED -20.0
j=EEE] 56_010 -15.5
pass BE_ZED -15.7
pESS EE.510 -19.1
pass SEe_TED -18.4
pass 57.010 -17.4
pass BT_Ze0 -lg.2
pass 57.510 -14.8
=EEE] ET.TED -13.2
DEsS 58.010 -11.4
=EEE] 55.2€0 -5.€
DEsS 58_510 -7.5
pass E8.TED -E.4
____ ca man _a =
Figure 20 Example result for Skew Calibration (module-to-module). Just the top of
the table

Result: (Pass/Fail) Test is considered as passed if the measured skew is
below the maximum limits.

Sample Frequency: The M8195A sample frequency that has been set.

Skew Value: Measured skew value between the M8195A modules for
each sample frequency.
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Fall/Rise Time Calibration

Purpose and Method

Transition times can be created on an M8195A by manipulating waveforms
instead of using hardware TTCs. Test fixtures and cables affect the
transition times. To compensate for this, the fall and rise times are
calibrated by generating a clock signal and measuring the rise time with a
DSO.

For the calibration, a valid clock signal of the lowest video mode is
generated with different transition times. For each step, the DSO measures
the rise time of the signal and averages the measured transition time over
multiple measurements.

Connection Diagram

See Figure 21.

B

Figure 21 Example connection diagram for Fall/Rise Time Calibration -
M8195A setup

This connection diagram is specifically for the N5444A/N28XXA probe
head. If a different probe head is selected in the Configure DUT dialog,
the connection diagram will be slightly different.
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Result Description

FallRiseTimecCal
[Not Compliant]
Calibrates the transition time

900.0

—m— Measured Fall/Rise Time at 27
r —a— Measured Fall/Rise Time at 74
810.0 t 7 —i&— Measured Fall/Rise Time at 148
[ —+— Measured Fall/Rise Time at 165
720.0 | . —— Measured Fall/Rise Time at 223
L —m— Measured Fall/Rise Time at 297
630.0 - b —a— Measured Fall/Rise Time at 340
r —i&— Measured Fall/Rise Time at 594
540.0 + 3
450.0 + 3

360.0

270.0

Measured Fall/Rise Time [ps]

180.0

90.0

00 T
40.0 152.0 2640 3760 488.0 600.0

Applied Fall/Rise Time [ps]

———-General--———

Offline True
Software Version 1.3.0.3 RC
Calibration Data Version Unknowm
Compliant Fal=e

Procedure offline; Scitware status unreleased; Required cal
not compliant: Skew Calibration; Reguired cal offline: Skew
Calibration; Required cal unknown/unreleased: Skew
Calibration

Hon-compliance reasonis)

Video Mode €4: 1520x1080p @ 100 EHz
Color Depth 24 bit

Color Space BGE full range

Use Color Bar pattern False

Min Transition 40 p=

Step Size 100 ps

Max Transition EDD ps

Integration Time 5

User Name Unknown User

———-M21554 - HDMI Sig. Gen.--—-

VI Mode False
Fill up blanking pericds with Null packets False
Eeep the signzals zsfter test? Fal=e
Skip Pattern generaticn True
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—---SCIC Controller—---

SCDC supports Character Erxror Detections False
Skip Link Training Fal=e
Start delay between SCDC controller and TMDS signal 100 ms
———-Dso--—-

Use internal probe head termination woltage True

Set
Fall/Rise

Time [ps]

£00.0 331
500.0 277
4000 224
300.0 171
200.0 113
100.0 70
0.9 0
40.0 a7

50

Measured Measured
Fall/Rise i Fall/Rise
Time at 148 | Time at 165 | Time at 223 | Time at 257 | Time at 340 | Time at 554
[ps] [ps=]
373 323 EE 400 203 203 08
317 330 332 335 238 340 343
258 288 288 271 274 275 278
133 203 205 207 203 211 213
136 141 143 145 14 142 150
75 az a4 a5 87 Bg as
55 57 t8 B €1 €2 €3
5 53 54 55 5& 57 58
Figure 22 Example result for Fall/Rise Time Calibration

Result: (Pass/Fail) Test is considered as passed if transition times are
calibrated successfully.

Set Fall/Rise Time [ps]: The applied transition time for this step.

Measured Fall/Rise Time at xx MHz [ps]: Measured transition time for
this step at a specific data rate.
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Sink Calibrations — HDMI 1.4

Swing Calibration

Availability
HDMI 1.4
Clock+, Clock-, DataO+, DataO-, Datal+, Datal-, Data2+, Data2-

Purpose and Method

The test fixtures and cables attenuate the data or clock signals. To
compensate for this, the differential signal levels are calibrated by
connecting an HDMI fixture to the HDMI setup and measuring the
differential swing with a DSO.

For the calibration, a software PRBS signal is generated at different swing
voltage levels. For each step, the DSO measures the histogram to find the
most frequently attained value of the differential swing. This calibration is
done for each channel of the signal generator

Connection Diagram

Figure 23 shows the connection diagram for the Swing Clock+ calibration.
The differential probe head must be connected to the TPA-R output of the
specific channel to be calibrated.

\

%TPA—PMFPA—R%

Figure 23 Example connection diagram for Sink Swing Calibration - M8195A setup
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- This connection diagram is specifically for the N5444A/N28XXA probe
NOTE head. If a different probe head is selected in the Configure DUT dialog,

the connection diagram will be slightly different.
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Result Description

Ck+ 64: 1920x1080p @ 100 Hz
[Not Compliant]

Calibrates the Generator Swing

HDMI Sink Calibrations 4

1000.0
9u00 I
8000 I
7000 ¥
6000 I
5000 +

4000 +

Measured Swing [mV]

3000 1

2000 +

1000 +

0.0 R

—&8— NMeasured Swing

180.0 3600 5400
Set Swing [mV]

-———General---——

Offline

Software Version
Calibration Datz Version
Compliant

Non—complizgnce reason(s)

Video Mode

Color Depth

Color Space

Min Swing Value

Mzx Swing Valus

Step Size

D50 Channel used for Calibration
050 Channel used for Termination
User Name

—=---ME1%5R - HDMI Sig. Gen.----
VI Mode

Fill up blenking pericds with Null packets
Feep the signsls after test?
Skip Pattern generaticn
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720.0

900.0

True

1.32.0

Unknown; '1.3.0
False

Procedure cffline; Scftware st
Calibration, Fzll/Rise Time Ca
Time Calibration; Required cal
Calibration

E4: 1520x1080p @ 100 E=z
24 bit

REE full rangs

35 mv

500 =7

35 aVf

CHANnell

CERNnel3

Unknown User

False
False
False
True
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====8CDC Controller-—--—

SCDC supports Character Error Detectioms False
Skip Link Training False
Start delsy between SCOC controller and TMOS signal 100 ms
———-Dso———-
Use internzl probe head terminstion wvoltage Trus
—
pass 500 TESs
paEss BES 735
pass 830 T0E
pEsSs 755 ETE
pass T&0 EdE
pass 725 ElE
pEss €50 587
pass ESS 557
pEss g20 527
pass 585 457
=EEE] =1=11) ]
DEss 515 438
pass 420 a0g
paEss 445 378
pass 410 345
pEsSs 375 315
pass 340 285
pass 305 255
pEss 270 230
pass 235 200
=EEE] 217 185
pass 200 170
=EEE] lgz 155
DEss 185 140
pass 147 125
paEss 130 110
pass 11z 11
pEsSs 55 Bl
pass 75 a4
Figure 24 Example result for Swing Calibration Clock+

Result: (Pass/Fail) Test is considered as passed if the calibration step
succeeds.

Set Swing: The applied differential swing voltage for this step.
Measured Swing: The measured differential swing voltage for this step.

54 Keysight N699THPTA HDMI 2.1 Receiver Compliance Test Automation Software — User Guide



HDMI Sink Calibrations 4

Clock Jitter Calibration

Purpose and Method

This procedure calibrates the clock jitter amplitude by measuring jitter
with a DSO.
The calibration is divided into several parts:

Clock Jitter Calibration TP1

Clock Jitter Calibration TP2

Clock Jitter Calibration TP2 (Data Jitter on Data)

Clock Jitter Calibration TP2, 2nd Cable Emulator

Clock Jitter Calibration TP2 (Data Jitter on Data), 2nd Cable Emulator

The various parts of the calibration listed above may not be direct
neighbors in the procedure tree. Data Jitter may be calibrated in
between.

Clock jitter is sinusoidal jitter injected into the HDMI Clock signal. Four
different sinusoidal jitter frequencies are calibrated: 500 kHz, 1 MHz,
7 MHz and 10 MHz.

For this calibration, a valid HDMI video signal is generated at different
frequencies and amplitudes. The jitter is calculated from the signal
waveform. For each step, the histogram peak-to-peak width of the jitter is
measured by the oscilloscope.

Since the data rate directly affects the jitter, this calibration must be
conducted for each required data rate.

For the test point TP2, the signal is modified by including cable emulators.
The cable emulator is included in the waveform calculation. This is
accomplished by applying the reference S-parameter characteristics of
the specific cable emulator to the signal waveform generated by the
M8195A. The cable emulators are dependent on the applied data rate and
as required in the HDMI CTS.

Connection Diagram

Refer to Figure 25.
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- + - +
Data0 Datal Data2

Cluck'}
¥

)

._%PA-%PA-R%

Figure 25 Example connection diagram for Sink Jitter Calibration

This connection diagram is specifically for the N5444A/N28XXA probe
NOTE head. If a different probe head is selected in the Configure DUT dialog,

the connection diagram will be slightly different.
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Result Description

ClkJCalTP1_VIC01_60Hz_24

[Not Compliant]

Jitter Calibration PJ Injected vs_ Histogram p-p
4500 ————

HDMI Sink Calibrations 4

405.0 +

360.0 4

315.0 +

270.0 +

225.0

180.0 4

135.0 +

—m— Measured Jitter for 500 kHz
—a— Measured Jitter for 1 MHz
, —i— Measured Jitter for 7 MHz
—+— Measured Jitter for 10 MHz

920.0 +

Clock Transition Width p-p [nTBit]

45.0

00 Frifvv ot

0.0 50.0 100.0

———-General-——-

Offline

Software Versiocn
Calibration Datz Version
Compliant

Hon-compliance reason(s)

Video Mods

Color Depth

Color Space

Use Color Bar pattern

Min Jitter

Max Jitter

Jitcer Step Size

Differential Swing

User Hame

———-ME1%E5L - HIMI Sig. Gen.————
VI Hode

Fill up blanking pericds with Hull packets
Eeep the signsls after test?
Skip Pattern generaticn

150.0
PJ injected [mTBit]

200.0

250.0

Trus
1.3.0
Unknown; '1.3.0
False

Procedure effline; Seftware status unreleas
Calibration Clock-, Swing Czlibration Datal
Clock+, Swing Calibration Clock-, Swing Cal
Calibration, Swing Calibratiom Clock+, Swin

01: £40x420p @ €0 Hz
24 bis

BGEE full rangs

Falsge

0 TBit

250 mTBit

125 mIBit

800 =N

Unknown User

False
False
False
Trus
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——--8CIC Controller————

SCDC supports Character Error Detections False
Skip Link Training False
Start delay between SCDOC controller and TMDS signal 100 ms
—===Dsg=——==
Use internzl probe head termination voltzge Trus
Jitter Measured | Measured | Measured | Measured
Demalt In'e"t:.ei Jitter for|Jitter for|Jitter for|Jitter for
[llilm_:i.t-] 500 kHz 1 MH=z T MHz 10 MH=
[mTBit] [mTBit] [mTBit] [mTBit]
pass o 100 100 100 100
pass 101 105 210 223
DESS 250 103 111 320 347

Figure 26 Example result for Clock Jitter Calibration at TP1

Result: (Pass/Fail) Test is considered as passed if the calibration step
succeeds.

Jitter Injected [mTBIt]: The applied clock jitter amplitude for this step.
Measured Jitter for 500 kHz [mTBit]: The measured 500 kHz clock jitter
amplitude for this step.

Measured Jitter for x MHz [mTBit]: The measured x MHz clock jitter
amplitude for this step.
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Data Jitter Calibration

Purpose and Method

This procedure calibrates the data jitter amplitude by measuring jitter with
a DSO.

As defined in the HDMI CTS, there are two different data jitter injection
techniques; data jitter is applied either by injecting it into the TMDS clock
signal or by injecting it into the TMDS data lines. Therefore the calibration
is divided into two parts:

Data Jitter (on clock) Calibration
Data Jitter (on data) Calibration
Like the clock jitter, the data jitter is sinusoidal jitter, which is calibrated for

a frequency of 500 kHz with a clock jitter frequency of 10 MHz and also for
a frequency of 1 MHz with a clock jitter frequency of 7 MHz.

For the calibration, a valid HDMI video signal is generated. The clock jitter
values are applied according to the Clock Jitter Calibration TP1 and then
as much data jitter is added as is required to achieve the worst case
condition. The worst case condition is considered to be achieved if the eye
almost touches the eye mask but does not violate it.

Since the data rate directly affects jitter, this calibration has to be
conducted for each required data rate.

Connection Diagram

The connection setup for the Data Jitter Calibration is the same as for the
Clock Jitter Calibration. See Figure 25 on page 56.
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Result Description

Data Jitter Calibration

[Not Compliant]

Jitter Calibration PJ Injected vs. TJ Measured for VGAG0Hz24 D_jitter on Clock

600.0 —

540.0

480.0

420.0

360.0

300.0

240.0

180.0

Data PJ Injected [nTBit]

120.0

60.0

0.0 — 1

—m— Data Jitter Amplitude

4.0
Frequency [MHz]

o
o
[av]
o

————CGeneral-—--

Offline

Software Version
Calibration Datz Wersion

Compliant

Hon-compliance reasonis)

Video Mode

Color Depth

Coloxr Space

Use Color Bar pattern

Min Jitter

Max Jitter

Jittcer Step Size

Differential Swing

Perform full DS021HDMC mask test for each calibraticn step
User Name

-——-M81554 - HDMI Sig. Gen.-————

VI Mode

Fill up kblanking pericds with Null packets
Fezep the szignals after tast?

Skip Pattern generation

6.0 8.0

10.0

True

1.3.0

Unknown; "1.3.0

False

Procedure offline; Software status u
Calibration Datal+, Swing Calibratic
Swing Czlibration Clock-, Swing Cali
Time Calibration, Swing Czlibration
01: e40x4B80p @ &0 H=z

24 bit

RCE full range

False

0 IBit

400 mIBit

50 mIBit

200 W

False

Unknown User

False
False
Falsze
True
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SCDC supports Character Error Detections False
Skip Link Training Fzlse
Start delay between 5COC controller and THOS signal 100 ms
—-——-Dso————
Use internal probe head termination voltzage True
. Data . =
Jitter Jitter Clock Jitter|Clock Jitter
Result Injected J_ir._udﬂ Frequency Ampl itude
[MH=] [m'l'B:i.t] [MH=] [mTBit]
pass 0500 150.000 10.000 145.5
pass 1.000 150.000 T.000 1e1.2
Figure 27 Example result for Data Jitter Calibration

Result: (Pass/Fail) Test is considered as passed if the calibration step
succeeds.

Jitter Injected [MHz]: The applied data jitter frequency for this step.
Data Jitter Amplitude [mTBit]: The measured data jitter amplitude for
this step.

Clock Jitter Frequency [MHz]: The clock jitter frequency for this step.
Clock Jitter Amplitude [mTBit]: The measured clock jitter amplitude for
this step.
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Sink Calibrations — HDMI 2.1 TMDS

HF Swing Calibration

Availability
HDMI 2.1 TMDS
Clock+, Clock-, DataO+, DataO-, Datal+, Datal-, Data2+, Data2-

Purpose and Method

The test fixtures and cables attenuate the data or clock signals. To
compensate for this, the differential signal levels are calibrated by
connecting an HDMI fixture to the HDMI setup and measuring the
differential swing with a DSO.

For the calibration, a software PRBS signal is generated at different swing
voltage levels. For each step, the DSO measures the histogram to find the
most frequently attained value of the differential swing. This calibration is
done for each channel of the signal generator.

Connection Diagram

Figure 28 shows the connection diagram for the Swing Clock+ calibration.
The differential probe head must be connected to the TPA-R output of the
specific channel to be calibrated.

+ Hi- +
Clock Data0 Datal Data2
——
Figure 28 Example connection diagram for HF Swing Calibration
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This connection diagram is specifically for the N5444A/N28XXA probe
head. If a different probe head is selected in the Configure DUT dialog,
the connection diagram will be slightly different.

Result Description

Ck+ 96: 3840x2160p @ 50 Hz
[Not Compliant]

Calibrates the Generator Swing

1000.0 A
[ [ —8— Measured Swing
9000 —+ -
800.0 + .
— 7000 +
=
E
o 6000 1
=
=
w5000
Eed
[
5
2 4000 I
o
@
= 3000 &
2000 1
100.0 +
00 ottt
0.0 180.0 360.0 540.0 7200 900.0
Set Swing [mV]
——==-Ceneral----
Offline True
Software Version 1.3.0
Calibration Data Version Unknown; "1.3.0
Compliant False
o — lianc el Procedure offline; Software st
SnTEompLignce reasonis offline: Skew Calibratiom, Fal
Video Mods 5&: 3840x21&0p @ 50 Hz
Color Depth 24 bitc
Color Spzace REE full rangs
Min Swing Valuse 35 oV
Mzx Swing Valus
Step Size
D50 Channel used for Calibration
D50 Channel used for Termination
User Name Unknown User
63
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-——-ME21%5% - HDMI Sig. Gen.———-

WI Mode False
Fill up blanking pericds with Null packets False
Eeep the signzls after test? False
Skip Pattern generaticn Trus

-———S5CDC Controller———-

SCDC supports Character Error Detections False
Skip Link Training False
Start delay between SCDC controller and TMDS signal 100 ms
====Dsg----
Use internzl probe head terminztion woltage Trus
—
pass 500 TES
pEsSs BES 735
pEss §30 T0E
pass 755 ETE
=EEE] Te0 gdg
DEss 725 Ele
pass ESD 587
paEss ES5 557
pass 1) 527
pEsSs 585 457
pass 550 488
pEsSs 515 438
pEss 480 408
pass 445 378
=EEE] 410 343
DEss 375 315
pass 340 285
paEss 305 255
pass 270 230
pEsSs 235 200
pass 217 185
pass 200 170
=EEE] lgz 155
pass 1e5 140
=EEE] 147 125
DEss 130 110
pass 11z =11
paEss 55 a1
pass 75 4

Figure 29 Example result for HF Swing Calibration
Result: (Pass/Fail) Test is considered as passed if the calibration step
succeeds.
Set Swing [mV]: The applied differential swing voltage for this step.

Measured Swing [mV]: The measured differential swing voltage for this
step.
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HF Clock Jitter Calibration

Availability
HDMI 2.1 TMDS
TP2

Purpose and Method

This procedure calibrates the clock jitter amplitude for TMDS Character
Rates ranging from 340 to 600 Mcsc.

Clock jitter is sinusoidal jitter injected into the HDMI Clock signal. Four
different sinusoidal jitter frequencies are calibrated: 500 kHz, 1 MHz,
7 MHz and 10 MHz.

For this calibration, a valid HDMI video signal is generated at different jitter
frequencies and amplitudes. The jitter is calculated in the signal waveform.
For each step, the histogram peak-to-peak width of the jitter is measured
by the oscilloscope.

This calibration must be conducted for the highest testing video mode
selected. It is available when HDMI 2.1 testing is supported.
Connection Diagram

See Figure 30 and Figure 31 on page 66.

In this calibration it is important to terminate all unused outputs with
50 Qinto 3.3 V. That is why the connection diagrams show the
additional probe heads. Nevertheless, any 50 Q in 3.3 V termination is
valid and those additional probe heads will not be necessary.
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Hi- . 41 4
Clock Data0 Datal Data2

%

|
I
‘

: _%M-PMTPA-R%

Figure 30 Example connection diagram for HF Clock Jitter Calibration (terminated
with probes)

Figure 31 Example connection diagram for HF Clock Jitter Calibration (terminated
with fixture)

These connection diagrams are specifically for the N5444A/N28XXA
prabe head. If a different probe head is selected in the Configure DUT
dialog, the connection diagram will be slightly different.
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Result Description

ClkJCalTP2HF_VIC96_50Hz_24
[Not Compliant]
Jitter Calibration PJ Injected vs. Histogram p-p

HDMI Sink Calibrations 4
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Color Depth
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Use Color Bar pattern
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====8CDC Controller----
SCDC supports Character Error Detections False
Skip Link Training False
Start delay between S5CDC controller and THMDS signal 100 ms
————Dso———
Use internzl probe head termination voltzge Trus
- =
emlt Injected Jitter for|(Jitter for|Jitter for| Jr.r:r.er for
[BTRit] 500 Qz 1 Hl_{z T H]_{z 10 I!_Hz
[mTBit] [mTEit] [mTBit] [mTBit]
pass o 100 100 100 100
pass 101 105 210 223
pEss 250 103 111 320 347
Figure 32 Example result for HF Clock Jitter Calibration

Result: (Pass/Fail) Test is considered as passed if the calibration step
succeeds.

Jitter Injected [mTBIt]: The applied clock jitter amplitude for this step.
Measured Jitter for 500 kHz [mTBit]: The measured 500 kHz clock jitter
amplitude for this step.

Measured Jitter for x MHz [mTBit]: The measured x MHz clock jitter
amplitude for this step.
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HF Data Jitter Calibration

Availability
HDMI 2.1 TMDS
TP2
Skew on complement (-), skew on normal (+)

Purpose and Method

This procedure calibrates the data jitter amplitude for TMDS Character
Rates ranging from 340 to 600 Mcsc.

The data jitter is a sinusoidal jitter, which is calibrated first for a frequency
of 500 kHz with a clock jitter frequency of 10 MHz and then for a frequency
of 1 MHz with a clock jitter frequency of 7 MHz.

For the calibration, a valid HDMI video signal is generated. The clock jitter
values are applied according to the HF clock jitter calibration and then the
data jitter is added as much as required to achieve the worst case
condition. The worst case condition is considered to be achieved if the eye
almost touches the eye mask but does not violate it.

Moreover, the worst cable model requires addition of an intra-pair skew of
112 ps, first to all TMDS Data negative and then to all TMDS Data positive.
To achieve this, the calibration is divided into two parts: skew on normal
and skew on complement. This calibration has to be conducted for the
highest testing video mode selected.

Connection Diagram

The connection setup for the Data Jitter TP2 calibration is the same as for
the HF Clock Jitter calibrations. Refer to Figure 30 and Figure 31 on
page 66.
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Result Description

Data Jitter Calibration

[Not Compliant]

Jitter Calibration PJ Injected vs. TJ Measured for 3840x2160p50Hz24 D _jitter on Clock
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Keysight N699THPTA HDMI 2.1 Receiver Compliance Test Automation Software — User Guide



HDMI Sink Calibrations 4

—===ME135% - HDMI Sig. Gen.----

VI Mode False
Fill up blanking pericds with Null packets Fzlse
Heep the =signzls afzer test? Fzalse
Skip Pattern generaticn True

——--8CIC Controller————

SCDC supports Character Error Detections Fzlse
Skip Link Training Fzalse
Start delay between SCDOC controller and TMDS signal 100 ms
———-Dso——-

Use internzl probe head termination voltzge True

Data

Jitter X Clock Jitter|Clock Jitter
Injected J:f.tel;i Frequency
Implitude
[MHz1 e [MHz]
pass 0.500 150.000 10.000 200.8
pass 1.000 150000 7.000 2180
Figure 33 Example result for HF Data Jitter Calibration

Result: (Pass/Fail) The test is considered as passed if the calibration
step succeeds.

Jitter Injected [MHz]: The applied data jitter frequency for this step.

Data Jitter Amplitude [mTBit]: The measured data jitter amplitude for
this step.

Clock Jitter Frequency [MHz]: The clock jitter frequency for this step.

Clock Jitter Amplitude [mTBit]: The measured clock jitter amplitude for
this step.
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Sink Calibrations — HDMI 2.1 FRL

FRL Swing Calibration

Availability
HDMI 2.1 FRL
Lane0+, Lane0O-, Lanel+, Lanel1-, Lane2+, Lane2-, Lane3+, Lane3-

Purpose and Method

The test fixtures and cables attenuate the FRL signal. To compensate for
this, the differential signal levels are calibrated by connecting an HDMI
fixture to the HDMI setup and measuring the differential swing with a DSO.

For the calibration, a software generates an FRL pattern at different swing
voltage levels. For each step, the DSO measures the histogram to find the
most frequently attained value of the differential swing.

This calibration is done for each channel of the signal generator at the
minimum supported data rate and the maximum supported data rate.

Connection Diagram

Figure 34 shows the connection diagram for the Swing LaneO+ calibration.
The differential probe head must be connected to the TPA-R output of the
specific channel to be calibrated.
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i1 - = 41 - +
Data3 Datal Datal Data2

; TPA-PM’PA—R%
——

Figure 34 Example connection diagram for FRL Sink Swing Calibration, Lane0,
M8195A setup

This connection diagram is specifically for the N5444A/N28XXA probe
head. If a different probe head is selected in the Configure DUT dialog,
the connection diagram will be slightly different.
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Result Description

L0+ 3 GBit/s ThreeLane
[Not Compliant]

Calibrates the Generator Swing
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Set Swing [mV]
————CGeneral-—--
Offline True
Software Version 1.3.0
Compliant False
Non-compliance reasoni(s) Frocedurse cffline; Scftwsre status unreleas
Video Mode FRLO (3 Lanes) : RXSB33DAT @ 3 GBit/s
Min Swing Walus 35 mv
Max Swing Valus 500 oW
Step Size 35 oV
D50 Channel used for Calibration CERNnell
DS8J Channel used for Termination CELNnel3
User Name Unknown User

———-ME15EL - HDMI Sig. Gan.-————

VI Hode False
Fill up blanking pericds with Null packets False
Feep the signals after test? False
Skip Pattern gemneration Trus
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-=--SCDC Controller—-—-

SCDC supports Character Error Detections False
Skip Link Training False
Start delay between SCDC controller and TMDS signal 100 ms
———-Dso----
Use internzl probe head termination voltage True

—

pass 500 TE5

pass BE5 735

pass 830 708

pass 755 ETE

pass Ted Ede

pass 725 Ele

pass €S0 587

pass ES5 557

pass (eda) 527

pass 585 457

pass 550 488

pass 515 438

pass 480 408

pass 445 378

pass 410 345

pass 375 315

pass 340 285

pass 305 255

pass 270 230

pass 235 200

pass 217 185

pass 200 170

pass 182 155

pass 185 140

pass 147 125

pass 130 110

pass 11z 13

pass 55 a1

pass 75 &4

Figure 35 Example result for FRL Swing LaneO+ Calibration

Result: (Pass/Fail) Test is considered as passed if the calibration step
succeeds.

Set Swing [mV]: The applied differential swing voltage for this step.

Measured Swing [mV]: The measured differential swing voltage for this
step.
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Random Jitter Calibration

Availability

HDMI 2.1 FRL
LaneO, Lanel, Lane2

Purpose and Method

Random jitter is added to simulate the effects of thermal noise. Due to
system intrinsic jitter, the effective jitter level is different from the value set
in the data generator, so the jitter amplitude has to be calibrated. The test
automation starts with a small RJ amplitude and increases that value in
several steps over a defined range. For each step, the procedure measures
the actual random jitter. The measurement is done on a real-time
oscilloscope using the RJ/DJ-separation software EZJIT.

This calibration must be done separately for each lane, and at both the
minimum supported data rate and the maximum supported data rate.

Connection Diagram

For this calibration, the unused lanes must be terminated.

If the terminations are done with scope probes, the connection diagram is
as shown in Figure 36. In this case no re-connections are need to calibrate
different lanes.

If the terminations are done with a termination fixture, the connection
diagramis as shown in Figure 37 for LaneQ. For other lanes, the differential
probe head must be connected to the TPA-R output of the specific lane to
be calibrated.
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Ty
|

__%TPA-PMTPA-R%i

Figure 36 Example connection diagram for FRL Sink Random Jitter Calibration
(terminated with scope probes)

e

@& &

%‘rm& PA-R

Figure 37 Example connection diagram for FRL Sink Random Jitter Calibration
(terminated with fixture)

These connection diagrams are specifically for the N5444A/N28XXA
probe head. If a different probe head is selected in the Configure DUT
dialog, the connection diagram will be slightly different.
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Result Description

Random Jitter Cal 3Gbps LO
[Not Compliant]

This procedure calibrates the random jitter RMS amplitude.
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-——-5CDC Controller———-

HDMI Sink Calibrations

SCDC supports Character Error Detections False
Skip Link Training False
Start delay between 5CDC controller and THMDS zigmal 100 ms
———Dsg———
Use internzl probe head termination voltzage Trus
Se‘r:mi:iﬁr.}ter M‘;:::::i
[mOT] JEES
[mOT ]
o 0.0
5 5.3
10 10.5
15 15.8
20 21.0
Figure 38 Example result for FRL Random Jitter Calibration

Set Jitter (RMS) [mUI]: The applied random jitter for this step.
Measured Jitter (RMS) [mUI]: The measured random jitter amplitude for

this step.
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Eye Width Calibration

Availability

HDMI 2.1 FRL
Lane0, Lanel, Lane2, Lane3

Purpose and Method

This procedure calibrates the eye width by applying different values of PCB
Loss Factor.

The test automation sets the initial PCB Loss Factor in the AWG by
embedding the corresponding cable model and increases that value in
linear steps. At each step, the eye width is measured on a real-time
oscilloscope using a horizontal histogram.

The calibration finishes when the total jitter reaches the target jitter or
when the generator limit is reached.

The Eye Width Calibration requires a minimum of 1 point below the Target
Jitter and 1 point above. The greater the jitter, the smaller the eye.

If the Eye Width Calibration fails, please adjust the value of ‘Start PCB Loss
Factor’ to meet the condition.

This calibration must be done separately for each lane, and at both the
minimum supported data rate and the maximum supported data rate.

Connection Diagram

Refer to Figure 36 and Figure 37 on page 77.
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Result Description

Eye Width Cal 3Gbps L0
[Not Compliant]
This calibrates the eye width
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Czble Emulztox HOMI 2 1 WCM2

Enable Crosstalk Trus

Messuremsent Cycles 4

Start PCE Leoss Factor 12 dB

Target Jitter Lanel 500 mOI

Target Jitter Lanel 500 oI

Target Jitter Lanel 500 mT

Differential Swing 500 o

User Name Unknown User

—===ME15EL - HDMI Sig. Gen.----

NI Mode False
Fill up blanking pericds with Null packets False
Feep the signals afzer test? False
Skip Pattern gemneraticon Trus
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====8CDC Controller----

SCDC supports Character Error Detections Falsze
Skip Link Training False
Start delay between 5COC controller and THOS signal 100 ms
—-——-Dso————

Use internal probe head termination voltzage Trus

Figure 39 Example result for FRL Eye Width Calibration

Set PCB Loss Model [dB]: The applied PCB Loss Model for this step.

Measured Total Jitter (Eye Width) [mUI]: The measured total jitter
amplitude for this step.
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Eye Height Calibration

Availability
HDMI 2.1 FRL

Lane0, Lanel, Lane2, Lane3

Purpose and Method

This procedure calibrates the eye height by applying different values of
differential voltage.

The test automation sets the initial differential voltage in the AWG and
decreases that value in linear steps. At each step, the eye height is
measured on a real-time oscilloscope using a horizontal histogram.

The calibration ends when the eye height is less than the Target Height.

The Eye Height Calibration requires a minimum of 1 point above the Target
Height and 1 point below. The smaller the differential voltage, the smaller
the eye.

If the Eye Height Calibration fails, please adjust the value of ‘First
Differential Voltage’ to meet the condition.

This calibration must be done separately for each lane, and at both the
minimum supported data rate and the maximum supported data rate.

Connection Diagram

Refer to Figure 36 and Figure 37 on page 77.

Keysight N6991THPTA HDMI 2.1 Receiver Compliance Test Automation Software — User Guide 83



4 HDMI Sink Calibrations

Result Description

Eye Height Cal 3Gbps L0
[Not Compliant]
This calibrates the eye height
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First Differential Voltage 1V

Target Jitter Lane0 500 mI
Target Jitter Lanel 500 mOI
Target Jitter Lanel 500 mOI
Ipplied Voltage Step —-200 o\
User Name Unknown User

-——-M2155% - HIMI Sig. Gen.———-

VI Mode False
Fill up kblanking pericds with Null packets False
Feep the zignals after tast? Falsze
Skip Pattern generaticn Trus

-———-8CDC Controller—-——-

SCOC supports Character Error Detections False
Skip Link Training False
Start delay between SCDC controller and TMDS signal 100 ms
—=—==Dsg---=

Use internzl probe head termination voltzge Trus

Set

Voltage
[m7]
1000 200
800 180
EQD 120

Figure 40 Example result for FRL Eye Height Calibration

Set Voltage [mV]: The applied voltage amplitude for this step.
Measured Eye Opening [mV]: The measured eye opening for this step.
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Before any sink or cable test procedure can be run, the HDMI PHY test
system must be calibrated. The procedures used for a cable DUT are
described in this chapter.



5 HDMI Cable Calibrations

Overview

88

The purpose of the calibration procedures is to calibrate the TDMS and
FRL signal generator levels and timings.

ValiFrame automatically determines the required calibration procedures
according to the parameters set in the Configure Product dialog, including
Product Type (sink or cable)
Test Mode (compliance or expert)
TMDS or FRL
Supported Video Modes
Color Depth
Color Space
Cable Type
The results of each calibration are stored in the ‘Calibration’ folder of

ValiFrame, so that they can be used for another calibration or test, as
required.

The order of the procedures in the procedure tree is driven mainly by the
calibration dependencies.

For calibrations, in general, the following calibrations are prerequisite:
The appropriate skew calibration.
All the calibrations listed above it in the same branch of the procedure
tree.

They are not listed explicitly for each calibration in this User Guide.
However, they can be found directly in the application (see Required
Calibration Data on page 36 of this User Guide).

Note that ValiFrame attempts to reduce the calibration effort by
coalescing similar data rates into one calibration, when no significant
deviation in the results is expected.

DC and single-ended levels are always determined with respect to the
termination voltage.
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Calibrations for Both Sinks and Cables

Skew Calibration

For a description of this calibration, see Skew Calibration on page 43.

Fall/Rise Time Calibration

For a description of this calibration, see Fall/Rise Time Calibration on
page 48.

This calibration is not available for Category 3 (FRL) cables.
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Cable Calibrations — HDMI 1.4

Swing Calibration

Availability

HDMI 1.4

Cable type: Category 1 (Home), Category 2 (Home)

Clock+, Clock-, DataO+, Data0O-, Datal+, Datal-, Data2+, Data2-
Description

For a description of this calibration, see Swing Calibration on page 51.
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Data Jitter (on Clock) Calibration

Availability
HDMI 1.4

Cable type: Category 1 (Home), Category 2 (Home)
TP1

Purpose and Method

This procedure calibrates the data jitter amplitude by measuring jitter with
a DSO.

For Cable DUTs, data jitter is applied by injecting it into the TMDS clock
signal. The data jitter is sinusoidal jitter that is calibrated for a frequency of
500 kHz with a clock jitter frequency of 10 MHz.

For the calibration, a valid HDMI video signal is generated. The clock jitter
values are applied and then as much data jitter is added as is required to
achieve the worst case condition. The worst case condition is considered
to be achieved if the eye almost touches the eye mask but does not violate
it.

Since the data rate directly affects jitter, this calibration has to be
conducted for each required data rate.
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Connection Diagram

Data0

92

+H 1. +
Datal Data2

\
‘.

Figure 41

Result Description

Data Jitter Calibration

[Not Compliant]

_%rm-ﬂ[ﬁmﬂ%

Example connection diagram for Cable Data Jitter Calibration - M8195A

Jitter Calibration PJ Injected vs. TJ Measured for 1280x1024p111Hz24 D_jitter on Clock

—-————General-—--

Offline

Software Versieon
Calibration Data Wersion
Compliant

Non-complisnce reasonis)

Video Mode

Color Depth

Color Space

Use Color Bar pattern
Min Jitter

Max Jitter

Jitter Step Sisze

True
1.3.0
Unknown; '1.3.0
False

Procedure offline; Software status ¢
Required cal not compliant: Skew Cal
Fall/Bise Time Calibrstion; Reguired
Skew Calibration, Fzll/Rise Time Cal
Bequired cal unknown/unreleased: Ske
Fall/Rise Time Calibration

138: 1280x1024p @ 111 H=z
24 bit

RGE limited rangs

False

0 TBit

400 xTBit

50 mTBit
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Differential Swing 200 vV
Perform full DS021HDMC mask test for each calibraticon step False
User Name Unknown User
Ceble Egualizer Em Ceble Egquslizer
——--ME155A - HDMI Sig. Gen.-————
Fill up blanking periocds with Null packets False
Fzep the zignals after tast? False
Skip Pattern generaticon True
—-——-Dso———-
Use internzl probe head termination voltzage True
P Data BJ
Result TIE;] =¥ Injected
[mTBit]
pasa 0.5 150.0
Figure 42 Example result for Data Jitter Calibration

Result: (Pass/Fail) The procedure is considered as passed if the
calibration step succeeds.

Frequency [MHz]: Frequency of the injected sinusoidal jitter. This is the
jitter frequency that will be used in tests.

Data RJ Injected [mTBit]: The amplitude of the periodic jitter injected
into the data.
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Cable Calibrations — HDMI 2.1 TMDS

HF Swing Calibration

Availability

HDMI 2.1 TMDS

Cable type: Category 1 (Home), Category 2 (Home)

Clock+, Clock-, DataO+, Data0O-, Datal+, Datal-, Data2+, Data2-
Description

For a description of this calibration, see Swing Calibration on page 51.
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Data Jitter (on Clock) Calibration 6G

Availability
HDMI 2.1 TMDS
Cable type: Category 1 (Home), Category 2 (Home)

Description

For a description of this calibration, see Data Jitter (on Clock) Calibration
on page 971.
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Cable Calibrations — HDMI 2.1 FRL

FRL Cable Swing Calibration

Availability
HDMI 2.1 FRL
Cable type: Category 3 (FRL)
LaneO+, Lane0-, LaneT+, Lanel-, Lane2+, Lane2-, Lane3+, Lane3-

Purpose and Method

The cabling attenuates the FRL signal. To compensate for this, the

differential signal levels are calibrated by measuring the differential swing
with a DSO.

For the calibration, the software sends FRL patterns at different swing
voltage levels. For each step, the DSO measures the histogram to find the
most frequent value of the differential swing. This calibration is done for
each channel of the signal generator.

In Compliance made, this calibration is available for all data rates. In
Expert mode, it is available for the highest supported data rate.

Connection Diagram

Figure 43 shows the connection diagram for the Swing LaneO+ calibration.
The differential probe head must be connected to the data output of the
specific lane to be calibrated.

i

A B8

Figure 43 Example connection diagram for FRL Cable Swing Calibration
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Result Description

L0+ 3 GBit/s ThreeLane
[Not Compliant]

Calibrates the Generator Swing

10000 —+—W™W———F————F———7———— i
1 I [ I I —=— Measured Swing
9000 + .
800.0 F ]
— 7000 F
= I
£ 1
o 6000 I
= I
= ]
@ 5000 +
o 1
o 4
= 4
2 4000 I
(0] 1
L] 1
= 3000 }
2000 +
1000 T
0.0 i s e N B e e
0.0 180.0 360.0 540.0 720.0 900.0
Set Swing [mV]
————CGeneral-—--
Offline True
Software Version l1.3.0
Compliant Fzalse
Non-compliance reasoni(s) Frocedure offline; Software status unreleased
Video Mode FOLO (3 Lanas) : BXSB33DAT @ 2 CGBit/s
Min Swing Walus 35 oW
Max Swing Valus 500 oV
Step Size 35 oW
D50 Channel used for Calibration CHENnell
DS8J Channel used for Termination CHLNnel3
User Name Unknown User
Csble Eguslizer Em Cable Equalizer
-——-ME2155A - HIMI Sig. Gen.————
Fill up blanking pericds with Null packets False
Feep the signals after test? False
Skip Pattern gemneration True
———Dsg———
Use internzl probe head termination voltzage True
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_ Set Swing | Measured

=EEE] 500 T&5
DEss BEeS 735
pass 830 T0E
paEss 755 ETE
pass TEd EdE
pEsSs 725 ELlE
pass ESD 587
pEsSs EES EET7
pass E20 527
pass 585 497
pEss 550 483
pass 515 438
=EEE] 420 40z
DEss 445 378
pass 410 345
paEss 375 219
pass 340 285
pEsSs 305 253
pass 270 230
pEsSs 235 200
pass 217 185
pass 200 170
pEss 182 155
pass 185 140
=EEE] 147 125
DEss 130 110
pass 11z =1
paEss 55 B1
pass -] [

Figure 44 Example result for FRL Cable Swing Calibration

Result: (Pass/Fail) The procedure is considered as passed if the
calibration step succeeds.
Set Swing [mV]: The applied differential swing voltage.

Measured Swing [mV]: The measured differential swing voltage.
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Random Jitter Calibration

HDMI 2.1 FRL
Cable type: Category 3 (FRL)
Highest supported data rate

Purpose and Method

The FRL Random Jitter Calibration for a cable DUT is similar to the FRL
Random Jitter Calibration on page 76 for a sink DUT. However, the
connection diagram is different because the TPA-R is embedded for FRL
Cable calibrations (see below).

This calibration is available for the highest supported data rate.

Connection Diagram

See Figure 45 and Figure 46.

1

I} !
i i

l\\x

|
“

.‘-I..

Figure 45 Example connection diagram for FRL Cable Random Jitter Calibration
(terminated with scope probes)
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Figure 46 Example connection diagram for FRL Cable Random Jitter Calibration
(terminated with a fixture)
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Eye Width Calibration

Availability
HDMI 2.1 FRL

Cable type: Category 3 (FRL)
Highest supported data rate

Purpose and Method

The FRL Eye Width Calibration for a cable DUT is similar to the FRL Eye
Width Calibration on page 80 for a sink DUT. However, the connection
diagram is different because the TPA-R is embedded for FRL cable
calibrations (see below).

This calibration is available for the highest supported data rate.
Connection Diagram

See Figure 45 on page 99 and Figure 46 on page 100.
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Eye Height Calibration

Availability
HDMI 2.1 FRL
Cable type: Category 3 (FRL)
Highest supported data rate

Purpose and Method

The FRL Eye Height Calibration for a cable DUT is similar to the FRL Eye
Height Calibration on page 83 for a sink DUT. However, the connection
diagram is different because the TPA-R is embedded for FRL Cable
calibrations (see below).

This calibration is available for the highest supported data rate.

Connection Diagram

See Figure 45 on page 99 and Figure 46 on page 100.
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FRL Cable Mode Conversion Swing Calibration

Availability
HDMI 2.1 FRL
Cable type: Category 3 (FRL), Active Cable
Compliance mode only
Data rate: 10 GBit/s
Lane0+, Lane0-, Lanel+, Lanel1-, Lane2+, Lane2-, Lane3+, Lane3-

Purpose and Method

This calibrates the swing voltage for the mode conversion of each FRL
lane. The procedure is similar to the FRL Swing Calibration on page 72.

This calibration is available only if you check “Active Cable” in the
Configure Product dialog, only in Compliance mode and only for 10 GBit/s.

Connection Diagram

Figure 43 on page 96 shows the connection diagram for the FRL Cable
Mode Conversion Swing LaneO+ calibration. The differential probe head
must be connected to the data output of the specific lane to be calibrated.
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Mode Conversion Calibration

Availability
HDMI 2.1 FRL
Cable type: Category 3 (FRL), Active Cable
Compliance mode only
Data rate: 10 GBit/s

Purpose and Method

The purpose of this calibration is to measure the differential mode voltage
input and the common mode voltage input of all FRL lanes at 6 GHz. These
values are necessary for the test HFR7-23 Mode Conversion on page 231.

The calibration is divided into two steps. In the first step, the Vdm_input
and Vem_input of lane 3 and lane O are measured using a real-time
oscilloscope. In the second step, after the cables have been re-connected,
those parameters are measured for lane 2 and lane 4.

This calibration is available only if you check “Active Cable” in the
Configure Product dialog, only in Compliance mode and only for 10 GBit/s.

Connection Diagram

For this calibration, the unused lanes must be terminated. The connection
diagram is as shown in Figure 47.

\I}\\-\-_

Figure 47 Example connection diagram for Mode Conversion Calibration
(Lanes 3 & 0)

B

&l
i
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HDMI Cable Calibrations 5

Calculated Vdm_input and Vem_input for all FRL lanes

[Not Compliant]

Calculated Vdm_input and Vcm_input for all FRL lanes

————CGeneral-—--

Offline

Seftware Versieon
Czlibration Datz Wersion
Compliant

Non-compliance reasoni(s)

Cable Emulator

Enable Crosstalk

User Name

——--ME155L - HDMI Sig. Gen.————

Fill up blanking pericds with Null packets
Eeep the signals after test?

Skip Pattern gemneraticon

—=—==Dsg---=

Use internzl probe head termination voltzge

True
1.3.0
Unknown
False

Procedure offline; Software status unr
FRL Czble Mode Conwversion Swing Calibr
Calibration Laned-; Reguired cal offli
Calibration Lanel-, FRL Cable Mode Con
unknown,/unreleased: Skew Calibratiom,

Cable Mode Conwversion Swing Calibratio

Heore
False

Unknown User

False
False
True

True

Vdm Inpur. Lane|Vdm Input Lane WVem Inpur, LaneWem Input Lane Udm Input Lane|Vdm Inmput Lane(Vem Input Lane|Vem Inpur. Lane
3 [ 0 [miif] 0 [mV] 1 [=fV 2 [mV] 1 [ml] [nﬁﬂ
.000

45.000 lc.000 35.000

45.000 15.000

Figure 48 Example result for Mode Conversion Calibration

Vdm_Input_Lane X [mV]: The differential mode voltage input measured

at lane X.

Vem_Input_Lane X [mV]: The common mode voltage input measured at

lane X.
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TECHNOLOGIES

Keysight N599THPTA HDMI 2.1 Receiver Compliance
Test Automation Software

User Guide

FRL Waveform
Calculation

The procedures described in this chapter calculate FRL waveforms that are
required in particular Sink Tests (HFR2-2 to HFR2-5).



6 FRL Waveform Calculation

Calculate FRL Waveforms

Availability
Product Type: Sink

Test Mode: Compliance Mode
DUT Setting: FRL

Purpose and Method

This procedure calculates and saves the FRL waveforms that are required
for the Sink Tests HFR2-2 to HFR2-4.

The procedure consists of four essential steps:

1 Calculate the base FRL waveforms.

2 Calculate the FRL waveforms with WCM and crosstalk.

3 Calculate the FRL waveforms with WCM and crosstalk along with
positive data rate deviation.

4 Calculate the FRL waveforms with WCM and crosstalk along with
negative data rate deviation.

Connection Diagram

Not required.
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Calculate HFR2-5 FRL Waveforms

Purpose and Method

This procedure calculates and saves the FRL waveforms that are required
for the Sink Test HFR2-5 Jitter Tolerance on page 167.

The procedure is performed in several steps. In the first step, the base FRL
waveforms are calculated. In the next few steps, the FRL waveforms (with
sinusoidal jitter injected) are calculated. The set of sinusoidal jitter
amplitudes and frequencies for each step is defined in Table 6-28 “Sink
Jitter Tolerance Requirement” and Table 6-29 “Sinusoidal Jitter Frequency
and Jitter Amplitude for Sink Jitter Tolerance Test” of the HDMI 2.1
specification.

Connection Diagram

Not required.
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TECHNOLOGIES

Keysight N599THPTA HDMI 2.1 Receiver Compliance
Test Automation Software

User Guide

HDMI Recelver Tests
for Sinks

Overview / 112

HDMI 1.4 TMDS Signal / 115

HDMI 2.1 TMDS Signal / 124

HDMI 2.1 FRL Signal / 155

Additional Sink Tests in Expert Mode / 170

Additional HDMI 2.1 FRL Signal Sink Tests in Expert Mode / 206

Once the HDMI PHY Test Station has been calibrated, receiver test
procedures can be run. The tests for sink DUTs described at the beginning
of this chapter are required for compliance. The additional tests in expert
mode (last two sections listed above) are intended for custom
characterization and debugging of sink DUTs.



7 HDMI Receiver Tests for Sinks

Overview

ValiFrame automatically determines the required sink tests from the
combination of the supported video modes, color modes and 3D modes as
specified in the Configure Product dialog. The method of compliance
testing depends on whether the signal is TMDS (HDMI 1.4 and HDMI 2.1
TMDS) or FRL (HDMI 2.1 FRL).

TMDS Signals

112

For TMDS signals, sink electrical compliance testing is conducted by
applying a stressed signal and observing the video output for errors.
There are different test cases:

differential swing voltage tolerance

intra-pair skew tolerance

inter-pair skew tolerance (only HDMI 2.1 TMDS)

jitter tolerance

video timing tests (only HDMI 2.1 TMDS)

pixel decoding tests (only HDMI 2.1 TMDS)
Additionally, the ValiFrame solution provides certain further tests, which
can be used for sink DUT characterization. These additional tests are found
in the application under the node “Expert Mode” and are described in the

section Additional Sink Tests in Expert Mode beginning on page 170 in this
User Guide.

Every test consists of multiple test steps, each with different stressed
parameters and/or parameter levels. As soon as the TMDS generator is
programmed, you are prompted to observe the video for pixel errors (see
Figure 49).
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Offline BER Reader

Current Differential Swing: 1.2V

No Errors) Enor(s) Abort

Figure 49 Offline BER Reader dialog

FRL Signals

HDMI FRL sink electrical compliance testing is conducted by applying a
stressed signal, performing the loopback training and automatically
reading errors with the SCDC Controller.
There are different test cases:

differential swing voltage tolerance

intra-pair skew tolerance

inter-pair skew tolerance

minimum link rate

jitter tolerance

FRL tests must be conducted for the highest and the lowest supported
data rates.

Additionally, the ValiFrame solution provides certain further tests, which
can be used for sink DUT characterization. For FRL signals these additional
tests are found in the application under the node “HDMI 2.1” under the
node “Expert Mode” and are described in the section Additional HDMI 2.1
FRL Signal Sink Tests in Expert Mode beginning on page 206 in this User
Guide.

Prerequisite Calibrations

Prerequisite calibrations are not listed explicitly for each test in this User
Guide. However, they can be found directly in the application (see
Required Calibration Data on page 36 of this User Guide).
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HDMI ValiFrame Parameters

The parameters used in a test are no longer listed with the procedure
descriptions in this User Guide. Instead they can be found in Chapter 9
beginning on page 237.

The following parameters that are used in Sink tests require a longer
explanation and so are included here.

Voltage Offset Factor, Voltage Swing Factor

The HDMI levels are defined relative to the high level, which is nominally at
VNominalOffset = 3-3 V. The instrument defines levels that are relative to the
center of the signal. To calculate the instrument offset, use the formula

Voffsetinstrument = V0ffsetFactor * VOffsetHDMI ~ \/SwingFactor * <Vdiff/2) -
VNominalOffset

These factors allow another definition to be set for the offset in HDMI. It is
imperative that the AC-coupled source be enabled to set the factors

VoffsetFactor =1 and vSWIngFactor =0.

Use Slider Dialog

In Expert mode, you may use a slider to set differential swing voltage levels
(see Figure 50). If set to ‘True’, the slider dialog is displayed and if set to
‘False’, only such voltage levels are tested that are required by the HDMI
CTsS.

Differential Swing, data and clock

Move slider from a A0 mY

value with no visible 7]
picture urtil the device
recovers a picture. The
value is applied to the
instrumert, if you

release the slider! A
[ ] o
Differential Swing, data
and clock
.
70mV

Change swing range

Figure 50 Slider dialog for Differential Swing in Expert Mode
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HDMI 1.4 TMDS Signal

ID 8-5 Differential Swing

Availability
HDMI 1.4
Compliance Mode, Expert Mode
All Channels
Viem=29V,3.0V,3.3V

Purpose and Method

This procedure tests for compliance according to HDMI CTS Version 1.4b,
Section 8.3 “Sink - Electrical”, Test ID 8-5: “TMDS - Min/Max Differential
Swing Tolerance”.

Avideo signal at the highest supported data rate is generated with
calibrated voltage levels and with no jitter applied. Depending on data
rate, this procedure is done with a Vic,, 0f 2.9V, 3.0V or 3.3 V.

The differential swing voltage level is decreased from 170 mV until the
DUT fails to support the signal without errors. With a Vg of 3.3V, the
differential swing is set to 1.2 V. When the sink displays the video image
without pixel errors for each step and the minimum voltage level is lower
than or equal to 150 mV, the test is passed; else, the test is failed.
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Connection Diagram

i

L | Clock e Data0 Dataf Data2
Eﬁ” out
+5V/Controller
Figure 51 Example connection diagram for Sink tests

Ensure that you connect the AXI Frame ground to the DUT ground before
connecting the TPA to the DUT (in case the TV does not contain a GND
pin). Otherwise there is a risk of permanently damaging the AWG.

Result Description

ID 8-5 D.Swing All_3.3 on All

[Not Compliant]

——==Ceneral----

Offline

Software Versiocn
Calibration Data Versiomn

Compliant
Non—compliance reasoni(s)

Video Mode
Color Depth
Color Spzce
Use Color Bar pattern

Trus

1.3.0

Unknown; '1.3.0

Falsge

Promedurse offline; Scftware =t
Calibration Clock-, Swing Cali
Datal+, Swing Calibration
Clockt, Swing Calibration Data
£4: 1520x1080p @ 100 Hz

24 bit

REE full rangs

False
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Start Differentizl Swing 170 o
Minimum Differential Swing 70 oW
Differential Swing Step Size 10 mW
Woltage Offset 3.3V
IMDS datz to clock ratioc 1:40 False
Use scrambled wideo signal False
User Name Unknown User

———-ME1355& - HDMI Sig. Gen.————

VI Mode Falsge
Fill up blanking pericds with Null packets Falze
Feep the signzls after test? False
Skip Pattern generaticn Trus

-——-5CDC Controller———-

SCDC supports Character Error Detections False
Skip Link Training False
Start delsy between 3CDC controller and THDS signal 100 ms
———-Dso———-
Use internzl probe head termination woltzage Trus
Min Passed Min Spec Max Swin
Result Channel Diff. Diff. Teat:- [V]q
Swing [mV]|Swing [m¥]
pass zll 120 180 1.200

Figure 52 Example result for Test ID 8-5: Differential Swing

Result: (Pass/Fail) Pass indicates that the DUT passed this test step
successfully.

Channel: The TMDS line where the voltage level is applied.

Min Passed Diff. Swing [mV]: The minimum differential swing when the
DUT passed.

Min Spec Diff. Swing [mV]: The required minimum differential swing
voltage level (optionally defined through user-specification instead of
CTS).

Max Swing Test [V]: The maximum applied differential swing voltage
level.
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HDMI Receiver Tests for Sinks

ID 8-6 Intra-Pair Skew

Availability

HDMI 1.4
Compliance Mode, Expert Mode
Data0, Datal, Data2, Clock Channel

Purpose and Method

This procedure tests for compliance according to HDMI CTS Version 1.4b,
Section 8.3 “Sink - Electrical”, Test ID 8-6: “TMDS - Intra-Pair Skew”. Any
Sink-supported video signal with the highest supported data rate is
generated with single-ended swing of 500 mV.

For each of the TMDS clock and data pairs, the intra-pair skew is increased
from a value less than or equal to 0.1 TBit up to 0.6 TBit or until errors are
displayed in the Sink DUT output. This process is performed once each in
the positive and in the negative skew directions. If errors are seen on the

DUT, the skew is reduced until the Sink DUT returns an error-free output.

The test is considered as passed when the Sink displays the video image
without pixel errors for intra-pair skew level as required by the HDMI CTS;
otherwise, the test is considered to be failed.

Connection Diagram

Refer to Figure 51 on page 116.
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Result Description

ID 8-6: Intra-Pair Skew Data0

[Not Compliant]

——--Ceneral-———

Offline True

Software Version 1.3.0
Calibration Data Version Unknown; "'1.3.0
Compliant Falze

Procedure offline; Scftware st

Hon-compliance reason(s) & Time Calibraciom

Video Mode 02: T20x480p & €0 Hz
Color Depth 24 bit

Color Space REE full rangs

Use Color Bar pattern False

TMDS data to clock ratio 1:40 False

Use scrambled video sigmal False

Minimum Skew —&00 mIBit

Maximum Skew 00 mTEit

Skew Step Size 100 mTBiz

User Name Unknown User

—===ME135% - HDMI Sig. Gen.----

VI Mode False
Fill up blanking pericds with Null packets False
Heep the =signzls afzer test? False
Skip Pattern genersticn Trus

———-5CI Controller———-—

SCDC supports Character Error Detections False
Skip Link Training Falze
Start delsy between 3CDC controller and THDS signal 100 ms
———-Dso———-

Use internzl probe head termination woltzage Trus

Channel

J*EEE] Datad+

pass Datal-
Figure 53 Example result for Test ID 8-6: Intra-Pair Skew

Result: (Pass/Fail) Pass indicates that the DUT passed this test step
successfully.

Channel: The TMDS line where the intra-pair skew is applied.

Max Passed Skew [mTBit]: The maximum passed value of skew for
which the DUT shows no errors in the output.

Min Failed Skew [mTBit]: The minimum value of skew for which the DUT
shows errors in the output.
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Max Recovery Skew [mTBit]: The maximum value of skew for which the
DUT recovered to having no errors in the output errors after errors were
seen in the output.

Spec. Skew [MTBIt]: Required minimum skew as defined in the CTS
(optionally user-defined spec.).
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ID 8-7 Jitter Tolerance

Availability
HDMI 1.4
Compliance Mode, Expert Mode

Purpose and Method

The purpose of this procedure is confirm that the maximum allowed value
of TMDS clock jitter is supported by the Sink DUT. The test is divided into
four parts:

Jitter only on Clock

Jitter only on Clock, with a 2nd Cable Emulator

Jitter on Clock and Data

Jitter on Clock and Data, with a 2nd Cable Emulator
These procedures test for compliance according to HDMI CTS
Version 1.4b, Section 8.3 “Sink - Electrical”, Test ID 8-7: “TMDS - Jitter
Tolerance”. Depending on the supported video modes, the pixel clock
rates 27 MHz, 74.25 MHz, 148.5 MHz, 222.75 MHz, 297 MHz and

optionally, if not already covered, the highest rate supported by the DUT,
are tested.

For this procedure, a valid HDMI video signal is generated. Two cases are
tested:

Clock jitter = 10 MHz; Data jitter = 500 kHz

Clock jitter = 7 MHz; Data jitter = 1 MHz
At each step the software performs a sweep of the clock-to-data skew
from O TBit to 1 TBit. The test is considered as passed when the Sink

displays a video image without any pixel errors for skew levels as required
by the HDMI CTS; otherwise, the test is considered as failed.

Connection Diagram

Refer to Figure 51 on page 116.
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Result Description

ID 8-7 WVGAGOHZ24

[Not Compliant]
Test 8-7, Jitter Tolerance VGAB0Hz24 Jitter only on Clock

-——-General--——

Offline True

Seftware Versien 1.3.0
Calibration Datz Version Unknown; '1.3.0
Compliant False

Procedure offline; Software st
Calibration TPl VGEEJE=z24, Dat
: Skew Calibration, Fal
z24, Clock Jitter Calibr
Calibration Clock+, Swing Calil
Calibration Datal+, Swing Calil

Non—compliance reasoni(s)

Video Mode 01: &40x480p & €0 Hz
Color Depth 24 bit

Color Space REE full rangs
Use Color Bar pattern False

Desired Skew Rocurscy 100 mIBit
Differential Swing 800 =N

Clock Jitter Margin 0 TBit

Data Jitter Margin 0 TBit

Margin Search None

Initisl Margin Step Size 100 mIBit
Margin Rccuracy 10 mTBit

Cable Emulator Cat 1 and 2
User Name Unknown User

-——-ME81354 - HIMI Sig. Gen.--——-

VI Hode False
Fill up blanking pericds with Null packets False
Feep the signzls after test? False
Skip Pattern generaticn Trus

-——-SCDC Contreller———-

SCDC supports Character Error Detections False
Skip Link Training False
Start delay between SCDOC controller and TMDS signal 100 ms
———-Dso——-

Use internzl probe head termination voltzge Trus

Tested Tested

Data

- - Data Clock
Result E Hwter E;tl"’d Jitter Jitter
Tequency = Margin Margin
[TBitl [TEit]
pass N/ 0. 000 0.000
pass H/R 0.000 0_000

Figure 54 Example result for Test ID 8-7: Jitter Tolerance

- Result: (Pass/Fail) Pass indicates that the DUT passed this test step
successfully.
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Clock Jitter Amplitude [TBit]: Initial clock jitter amplitude (without
added data jitter).

Clock Jitter Frequency [MHz]: The clock jitter frequency that is applied.
Data Jitter Amplitude [TBit]: Calibrated data jitter amplitude that is
added to the clock lane.

Data Jitter Frequency [MHz]: The data jitter frequency that is applied to
the clock lane.

Failed Skew: Skew value where DUT failed.

Tested Data Jitter Margin [TBit]: Margin of the data jitter relative to the
specification limit.

Tested Clock Jitter Margin [TBit]: Margin of the clock jitter relative to
the specification limit.
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HDMI 2.1 TMDS Signal

ID HF2-1 Differentia

Availability

Ll Swing

HDMI 2.1 TMDS

Compliance Mode, Expert Mode
All Channels

Minimum swing, Maximum swing

Purpose and Method

This procedure tests for compliance according to HDMI Sink CTS

Version 2.1i, Section 5.1.1.1 “Sink TMDS Electrical 6G Tests”, HF2-1: “Sink
TMDS Electrical - 6G - Min/Max Differential Swing Tolerance” and “HF2-1
Keysight MOl v1.0c”.

Avideo signal at the highest supported data rate is generated with
calibrated voltage levels and with no jitter applied. This procedure is
performed for minimum and maximum swing levels.

For minimum swing, the differential swing voltage is fixed at150 mV and
the Vi is set to 3.1 V. Then, the Vg is changed to 3.3 V.

For maximum swing, the differential swing voltage is fixed at 1200 mV and
the Vi is set to 2.6 V. Then, the Vg is changed to 3.3 V.

The test is considered as passed when, for each step, the Sink displays the
video image without pixel errors; else, the test is considered as failed.

In Expert mode, the procedure can be used for the characterization of the
DUT by changing the “Start Differential Swing” value and the step size. In
this case, the differential swing voltage level is decreased from the start
value until the DUT fails to support the signal without errors.

This test must be conducted for the highest supported data rate above
340 Mcsc.

Connection Diagram

124 Keys

Refer to Figure 51 on page 116.
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Result Description

ID HF2-1 min D.Swing All on All

[Nat Compliant]

-——-General--——

Offline

Seftware Versien
Calibration Datz Version
Compliant

Hon-compliance reason(s)

Video Mods

Color Depth

Color Space

Use Color Bar pattern

IMDS datz teo clock ratio 1:40
Use scrambled wideo signal
Start Differentizl Swing
Minimom Differentizl Swing
Differentizl Swing Step Size
Woltage Dffset

User Name

-——-M2155% - HDOMI Sig. Gen.--——-

HDMI Receiver Tests for Sinks 7

True

1.3.0

Unknown; '1.3.0

False

Procedure offline; Software st

ibration Clock-, EF 5
Calibration Datal+, EF 5

Calibration, HF Swing Calibrat

Datal-

58: 3840x2lelp @ B0 Hz

24 bis

BGEE full rangs

Falsge

Trus

True

170 o7

100 =7

10 mW

31 W
Unknown User

OVI Mode False
Fill up blanking perieds with Null packets False
Feep the szignzls after test? Falze
Skip Pattern generaticn Trus
-——-SCDC Contreller———-
SCDC supports Character Error Detections False
Skip Link Training False
Start delay between 5CDC controller and TMDS 100 ms
———-Dso—-—-
Use internzl probe head termination voltzge Trus
» - Passed Diff_ Spec Diff.
pass V icml (3.1V) 100 150
pass V_icma (3.3V) 100 150

Figure 55 Example result for Test ID HF2-1: Differential Swing

Result: (Pass/Fail) Test is considered as passed if the DUT displays the
video image without pixel errors.

Vicm: The common mode input voltage level applied.

Passed Diff. Swing [mV]: The minimum differential swing when the DUT
passed.

Spec Diff. Swing: The required differential swing voltage level
(optionally defined through user-spec instead of CTS).
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ID HF2-2 Intra-Pair Skew

Availability

HDMI 2.1 TMDS
Compliance Mode, Expert Mode
Data0, Datal, Data2, Clock

Purpose and Method

This procedure tests for compliance according to HDMI Sink CTS
Version 2.1i, Section 5.1.1.1 “Sink TMDS Electrical 6G Tests”, HF2-2: “Sink
TMDS Electrical - 6G - Intra-Pair Skew” and “HF2-2 Keysight MOl v1.0c”.

For each of the TMDS clock and data pairs, the intra-pair skew is set to the
worst case value, that is (112 ps + skew amount), as required in the MO
(which depends on the data rate). The skew must be applied once on the
TMDS positive line and once on the TMDS negative line. Therefore, the
procedure must be run twice for each signal path.

The DUT s tested first for V|g = 2.8 V and then for Vg = 3.3 V.

The test is considered as passed when the Sink displays the video image
without pixel errors for the intra-pair skew level required by the HDMI CTS;
otherwise, the test is considered as failed.

This test must be conducted for the highest supported data rate above
340 Mcsc.

Connection Diagram

Refer to Figure 51 on page 116.
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Result Description

ID HF2-2 3840x2160p50Hz24 Data0
[Not Compliant]

———-General-——-

Offline Trus

Seftware Versien 1.3.0

Calibration Datz Version Unknown; '1.3.0

Compliant False
Procedure effline; Seftware st
Swing Calibraticn Clock-, EF 5

Non—compliance reasoni(s) Swing Calibraticn Datal+, EF 5
Calibration, HF Swing Calibrat
Datal-

Video Mode 5€: 3840x21&0p @ 50 Hz

Color Depth 24 bit

Color Space REE full rangs

Use Color Bar pattern False

Woltage offset, Vieml 2.8 W

Voltage offset, Viem2 3.3 W

IMDS datz teo clock ratio 1:40 Trus

Use scrambled wideo signal Trus

Skew €55 mTEit

Skew in ps= 117 ps

Cable Emulator HOMI 2 O HNO SEEW

User Hame Unknown User

———-ME1%E5L - HIMI Sig. Gen.————

VI Hode False

Fill up blanking pericds with Hull packets False

Eeep the signsls after test? False

Skip Pattern generaticn Trus

——--8CIC Controller————

SCDC supports Character Error Detections False

Skip Link Training False

Start delay between 3CDC controller amd TMDS sigmal 100 ms

—===Dsg=——==

Use internzl probe head termination voltzge Trus

pass Datal ES5 H/R E35 2.8
pass Datal —€55 N/A —E95 2.8
pass Datal ESS H/A ESE 3.3
pass Datal —E95 H/R —€35 3.3

Figure 56 Example result for Test ID HF2-2: Intra-Pair Skew

- Result: (Pass/Fail) Pass indicates that the DUT passed this test step
successfully.

- Channel: The TMDS line where the intra-pair skew is applied.
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Passed Skew [mTBit]: The maximum value of skew that has passed for
which the DUT shows no errors in the output.

Failed Skew [mTBit]: The minimum value of skew for which the DUT
shows errors in the output.
Spec. Skew [mTBit]: Required minimum skew as defined in the CTS.

Viem [V]: Common mode input voltage level.
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ID HF2-51 Inter-Pair Screw

Availability
HDMI 2.1 TMDS
Compliance Mode, Expert Mode
Data0, Datal, Data2
Viem =2.8V,33V
Purpose and Method

The test ID HF2-51: “Sink TMDS Electrical — Inter-Pair Skew” was
introduced in revision 2.1g of the GCTS.

This test confirms that the maximum allowed inter-pair skew between two
TMDS data lanes, as defined by the CTS, is supported by the sink DUT.

The DUT s tested first for V| = 2.8 V and then for Vg = 3.3 V.

The test is considered as passed if the Sink displays the video image
without pixel errors for the inter-pair skew level required by the HDMI CTS;
otherwise, the test is considered as failed.

This test must be conducted at the highest TMDS character rate
supported by the DUT.

Connection Diagram

Refer to Figure 51 on page 116.
Result Description

ID HF2-51 3840x2160p50Hz24 Data0
[Not Campliant]

-——-CGeneral---—-—

Offline True

Seftware Versiom 1.3.0
Czlibration Datz Wersion Unknown; '1.3.0
Compliant False

Procedure offline; Software st
Swing Czlibration Clock-, EF 8
Swing Calibration Datal+t, EF 8
Calibration, HF Swing Calibrat
Data2-; Hon-Default wvalues: 'T

Hon-compliance reasonis)

Video Mods S5€: 3840x21€Dp @ 50 Hz
Color Depth 24 bit

Coloxr Space AGE full rangs

Use Color Bar pattern Falsze
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Voltage offset, Vicml

Voltage offset, ViemZ

IMDS datz to clock ratio 1:40

Use scrambled wvideo signal

Skew

Skew in ps=

User Name

-——-ME2155A - HIMI Sig. Gen.————

VI Mode

Fill up blanking pericds with Null packets
Feep the signals after test?

Skip Pattern gemneration

———-8CDC Controller—--———

SCDC supports Character Error Detections
Skip Link Training

Start delay between SCDC controller and TMDS signal
—=—==Dsg---=

Use internzl probe head termination voltzge

_ Spec. Skew| Vicm
2.8

2.8V
3.3V

Trus

True

12.573 TBEit
2117 p=

Unknown User

False
False
False
Trusa

False
False

100 ms

Trusa

=EEE] D=tal 12873
DEss Datal 12573 g
Figure 57 Example result for Test ID HF2-51: Inter-Pair Skew

Result: (Pass/Fail) Pass indicates that the DUT passed this test step

successfully.

Channel: The TMDS line where the inter-pair skew is measured.

Spec. Skew [MTBit]: Required minimum skew as defined in the CTS.

Viem [V]: Common mode input voltage level.
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ID HF2-3 Jitter Tolerance

Availability
HDMI 2.1 TMDS
Compliance Mode, Expert Mode

Purpose and Method

This procedure tests for compliance according to HDMI Sink CTS

Version 2.7i, Chapter 5.1.1.1 “Sink TMDS Electrical 6G Tests”, HF2-3:
“Sink TMDS Electrical - 6G - Jitter Tolerance” and “HF2-3 Keysight MOI
v1.0c”. Here, the software tests for the highest supported data rate above
340 Mcsc.

For this procedure, a valid HDMI video signal is generated. The differential
swing is set to 800 mV. Data jitter and Clock jitter are applied to the TMDS
clock signal. Two jitter frequency pairs are tested:

Clock jitter = 10 MHz; Data jitter = 500 kHz
Clock jitter = 7 MHz; Data jitter = 1 MHz

For each jitter pair, two distinct common mode offsets (2.9 V and 3.3 V)
are tested. Additionally, the worst cable model is applied using a software
emulator.

The test is run with 112 ps intra-pair skew delay on each TMDS Data line,
once on all TMDS Data positive lines and once on all TMDS Data negative
lines.

The test is considered as passed if the DUT adequately supports the
transmitted image; else, the test is failed.

Connection Diagram

Refer to Figure 51 on page 116.
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Result Description

ID HF2-3 3840x2160p50Hz24 (skew on +)

[Not Compliant]

Test HF2-3, Jitter Tolerance 3840x2160p50Hz24

----General----

Offline

Scftware Version
Calibration Data Version
Compliant

Non-compliance reasonis)

Video Mode

Color Depth

Color Space

Use Color Bar pattern
Differentizl Swing

Clock Jitter Margin

Data Jitter Margin

Margin Search

Initial Margin Step Size
Margin Accuracy

Min Voltage Ofifset

Max Voltage OZfset

TMDE data te clock ratio 1:40
Czble E
Tse scrambled wideo signal

lator

User MName

----ME13E5A - HDMI Sig. Gen.-——-

VI Mode

Fill up blanking pericds with Null packets
Feep the signzls after test?

Skip Pattern generation

----5SCDC Controller—---

SCDC supports Character Error Detections

Skip Link Training

Start delsy between SCDC controller and THMDS signal

--—-Dsg---—-

TUse internal probe head terminstion wvoltage

True
1.3.0
Unknown; '1.3.0
False

Procedure offline; Software status 1
er Czlibration TP2
ine: Skew Czlibrsticn,

Clock Ji
cal off

released
Op50Hz24
11/Rise Time

4

Calibration TPZ skew on normal (+] 3B840x21e0p
Calibration, HF Swing Calibration Clock+t, HFE
3840xEZ1e0p50Hz24, HF Swing Cslibration Datalt

S5&: 3840x21€0p @ 50 Hz

24 bic

BGEE full rangs
False

800 =N

0 TBit

0 TBit

None

100 mTBit

10 nTBic

2.5V

R

True

HOMI 2 0 HO SKEW
True

Unknown User

False
False
False
True

False
False

100 ms

Trus

Clock
Jitter
Implitude

pass 0.201 10.0 0.130 0.5 0.000
pass 0.201 10.0 0.130 0.5 0.000 0.000
pass 0.218 7.0 0.130 1.0 0.000 0.000
pass 0.218 7.0 0.130 1.0 0.000 0.000
Figure 58 Example result for Test ID HF2-3: Jitter Tolerance

(TR N X
oA

Keysight N699THPTA HDMI 2.1 Receiver Compliance Test Automation Software — User Guide



HDMI Receiver Tests for Sinks 7

Result: (Pass/Fail) Pass indicates that the DUT passed this test step
successfully.

Clock Jitter Amplitude [TBit]: The clock jitter amplitude that is applied.
Clock Jitter Frequency [MHz]: The clock jitter frequency that is applied.
Data Jitter Amplitude [TBit]: The data jitter amplitude applied.

Data Jitter Frequency [MHz]: The data jitter frequency applied.

Tested Data Jitter Margin [TBit]: Margin of the data jitter relative to the
specification limit.

Tested Clock Jitter Margin: Margin of the clock jitter relative to the
specification limit.

Common Mode Voltage Offset [V]: Viem.
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ID HF2-6 Video Timing 2160p 24bit

Availability
HDMI 2.1 TMDS
Compliance Mode, Expert Mode

Purpose and Method

This procedure tests for compliance according to HDMI Sink CTS

Version 2.1, Section 5.1.4.1 “Sink Video Timing 6G Tests”, HF2-6: “Sink
Video Timing - 6G - 2160p 24-bit Color Depth” and “HF2-6 Keysight MOI
v1.0c”.

This procedure tests for a limited set of video formats (only 2160p), which
are supported by the DUT and have a data rate above 340 Mcsc.

Each supported video format is run with a color depth of 24 bit. A valid
HDMI video signal is generated and for each tested video format, the pixel
clock frequency is deviated to minimum and maximum as described in the
CTS (typically, +0.5%).

The test is considered as passed if the DUT adequately supports the
transmitted image; else, the test is considered as failed.

Connection Diagram

Refer to Figure 51 on page 116.
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ID HF2-6: Video Timing 2160p 24bit

[Not Compliant]

———-General-——-
Offline
Seftware Versien

Calibration Datz Version

Compliant

Non-compliance reasonis)

IMDE
Usexr

dats
Hame

to clock ratioc 1:40

Trus
1.3.0
Unknown; '1.3.0
False

Procedure offline; Scftware
Fall/Rise Time Calibration

=t

True
Unknown User

-——-M2155% - HDOMI Sig. Gen.--——-

OWI Mode

Fill up blanking pericds with Null packets
Feep the szignzls after test?

Skip Pattern generaticn

-——-S8CLC Controller-—

SCDC supports Character Error

Skip Link Training

Start delay between 3CDC controller amd TMDS sigmal

—===Dsg=——==

Use internzl probe head termination voltzge

pEss
pass
pass
pass
pass
pass
pass
pass
pass
pass
pass
pass

pEss

Figure 59

False
False
False

True

False
False

100 ms

Detections

Trus

ideo Mode

3240x2160p @ &0 Hz _24 bit RGE full rangs (min fregusney &
57: 3840x21€0p @ 55.54 Hz _24 bit RGB full range (max frequency
57: 3840x3160p @ 55.54 Hz 34 bit RGE full range (min fregquency
101: 40%ex2ledp @ 50 Hz 24 bit RGEB full range [max fregusncy &
101: 4056x2160p @ S50 Hz _24 bit RGB full range (min freguency 4
102: 4056&x21elp @ €0 Hz _24 bit RGE full range (max fragquency
102: 4036x21é0p @ €0 He _24 bit RGB full range (min freguency 5
102: 405ex2leCp B £5.354 Hz _24 bit RGE full rangs (mex fregquenecy
102: 4056x2160p @ 55.54 Hz _24 bit REE full range (min frequency
Test Result

Example result for Test ID HF2-6: Video Timing 2160p

- Result: (Pass/Fail) Pass indicates that the DUT passed this test step

successfully.

- Video Mode: The tested video mode. The final entry, “Test Result”, is for

the entire test.
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ID HF2-7 Video Timing 2160p Deep Color

Availability

HDMI 2.1 TMDS

Compliance Mode, Expert Mode
Color Depth 30 bit, 36 bit, 48 bit
Data rate between 340 and 600 Mcsc

Purpose and Method

This procedure tests for compliance according to HDMI Sink CTS
Version 2.1i, Section 5.1.4.1 “Sink Video Timing 6G Tests”, HF2-7: “Sink
Video Timing - 6G - 2160p Deep Color” and “HF2-7 Keysight MOI v1.0c”.

This procedure tests for a limited set of video formats (only 2160p), which
are supported by the DUT and have a data rate above 340 Mcsc.

The test is run at each supported color depth other than 24 bit. A valid
HDMI video signal is generated and for each tested video format and color
depth, the pixel clock frequency is deviated to minimum and maximum as
described in the CTS (typically, +0.5%).

The test is considered as passed if the DUT adequately supports the
transmitted image; else, the test is considered as failed.

Connection Diagram

Refer to Figure 51 on page 116.

Result Description

ID HF2-7: Deep Color
[Not Compliant]

——==Ceneral----

Offline Trus

Seftware Versien 2023
Calibration Datz Version Unknown; '1.3.0
Compliant False

Procedure offline; Software st

Non-compliance reasonis) Fz=ll/Rize Time Calibraticn

gCTS Rewvisicon 2.1h
MOI Revision vlc
TMDS data to clock ratio 1:40 True

User Name Unknown User
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—===ME135% - HDMI Sig. Gen.----

VI Hode False
Fill up blanking pericds with Hull packets False
Eeep the signsls after test? False
Skip Pattern generaticn Trus
====8CDC Controller-—--—

SCDC supports Character Error Detections Falze
Skip Link Training False
Start delsy between 3COC controller and THOS signal 100 ms
—-——-Dso———-

Use internal probe head termination wvoltage Trus

Video liods

pass
pass
pass
pass
pass
pass
pass
pass
pass
pass
pass
pass
pass
pass
j<EEE]
pass
j<EEE]
pass
j<EEE]
pass
j<EEE]
pass
pass
pass
pass
pass

pass

€3: 1520x108Cp E 120 Hz _3&_bit RGE 11_range (max freguency 120.€ Hz
€3: 1520x1080p @ 120 Hz _3€ bit RGB full range (min frequency 115.4 Hz)
€3: 1520=1080p @ 115.82 Ez _3& bit RGB full range (max frequency 120.& Hz)
£3: 1520x1080p @ 115.88 Hz 36 bit RCE full range (min frequency 115.4 Hz)
€4: 1520x1020p € 100 Hz _3€ bit RGB full range (max frequeney 100.5 Hz
64: 1520x1080p @ 100 Hz 2€ bit RGE full range (min frequency 55.5 Hz)
53: 3240x21e0p @ 24 Hz _3& bit RGB full rangs (mex freguency 24.12 Hz)
93: 3240x216€0p @ 24 Hz _3& bit DBGEB full range (min freguency 23.86 Hz)
53: 3840x21c0p @ 23.58 Hz _3c bit RGB_full range (max freguency 24.12 Hz)
53: 3840x2160p @ 23.58 Hz 36 bit RGE full range (min frequeney 23_8€ Hz)
@ 3240x21elp @ 25 Hz _3& bit RGB_full range (max freguency 25.12 Hz)
3240x21€0p @ 25 Hz _3€ bit DGE full range (min freguency 24.88 Hz)
S55: 3240x21e0p @ 30 Hz _3& bit RGB full rangs (max freguency 30.15 Hz)
55: 3240x21€0p @ 30 Hz _3& bit BGEB full range (min freguenecy 25.82 Hz)

55: 3840x21e0p @ 25.57 Hz _3€ bit REB_full range (max freguency 30.1E Hz)

55: 3840x21e0p @ 25.57 Hz _3€ bit REB full range (min freguency 25.82 Hz)
: 405ex2lelp @ 24 Hz _3& bit RGEB_full range {maex freguency 24.12 Hz}]
58: 405&x21€0p @ 24 Hz _3& bit REB full range {min freguency 23.8& Hz]

58: 405ex21e0p @ 23.58 Hz _3€ bit REB_full range (max freguency 24.12 Hz)

58: 405Sex21e0p @ 23.58 Hz 3¢ bit REB full range (min freguency 23.82¢ Hz)
55: 405&x21elp @ 25 Hz _3& bit RGB full range {mex freguency 25.12 Hz)
55: 405&x21e0p @ 25 Hz _3& bit RGE full range (min freguency 24.88 Hz]
100: 405ex2lelp @ 30 Hz _3& bit RGEB full range (max freguency 30.15 Hz
100: 405ex2lelp @ 30 Hz _3& bit RGB full range (min fregquency 25_82 Hz)

100: 405ex2ledp @ 25.57 Ez _3& bit RGB full range (max frequency 30.15 Hz)

100: 4056x21&0p @ 25.57 Hz _3c bit RGB full range (min frequency 25.82 Hz)

Test Result

Figure 60 Example result for Test ID HF2-7: Video Timing 2061p Deep Color

Result: (Pass/Fail) Pass indicates that the DUT passed this test step

successfully.

- Video Mode: Tested Video mode. The final entry, “Test Result”, is for

the entire test.
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ID HF2-8 Video Timing 2160p 3D

HDMI 2.1 TMDS
Compliance Mode, Expert Mode

Purpose and Method

This procedure tests for compliance according to HDMI Sink CTS
Version 2.7i, Section 5.1.4.1 “Sink Video Timing 6G Tests”, HF2-8: “Sink
Video Timing - 6G - 2160p 3D” and the “HF2.8 Keysight MOI v1.0c”.

This procedure tests for a limited set of video formats (only 2160p) and 3D
modes, which are supported by the DUT and have a data rate above
340 Mcsc.

Each supported video format is run with a color depth of 24 bit. A valid
HDMI video signal is generated and for each tested video format, the pixel
clock frequency is deviated to minimum and maximum as described in the
CTS (typically, +0.5%).

The test is considered as passed if the DUT adequately supports the
transmitted image; else, the test is considered as failed.

Connection Diagram

Refer to Figure 51 on page 116.
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Result Description

ID HF2-8: Video Timing 2160p 3D
[Not Compliant]

-——-General--———

O0ffline True
Scftware Version 1.3.0
Calibration Data Version Unknown; "1
Compliant Falze

Hon-compliance reason(s)

TMDS
User

Procedure of ne; Scftware st
Fall/Rise Time Calibration

data te clock ratio 1:40 Trus
Hame Unknown User

———-M215EL - HIMI Sig. Gen.————

VI Hode False
Fill up blanking pericds with Hull packets False
Eeep the signsls after test? False
Skip Pattern generaticn Trus

====8CDC Controller-—--—

SCDC supports Character Error Detections Falze
Skip Link Training False
Start delsy between 3COC controller and THOS signal 100 ms
—-——-Dso———-

Use internal probe head termination wvoltage Trus

pass
pass
pass
pass
paEss
pass
paEss
pass
pass
pass
pass
pass
pass
pass

pass

Wit Mode

53: 3840x2160p E 24 Ez _24 bit RGE limited range FramePacking (max freguency
24.12 Hz)

53: 3840x2160p € 24 Ez _24 bit RGE limited range FramePacking (min freguency
23.8¢& Hz)

53: 3840x21lelp @ 22.58 Hz

bit RGE 11 ed range FrameDacking (max frequency

24.
53: 3240x21e0p @ 23.58 Hz 24 bit RGB limited range FrameDacking (min frequency
23.8¢€ Hz)
S4: 3840x2160p E 25 Ez _24 bit RGE limited range FramePacking (max freguency
25.12 H=z)
S4: 3840x2160p @ 25 Ez _24 bit REB limited range FramePacking (min freguency
24 .88 Hz)
S5: 3240x21&0p @ 30 Ez _24 bit REE limited range FramePacking [max freguency
30.1% EHz)
S5: 3840x2160p @ 30 Ez _24 bit REB limited range FramePacking (min freguency
25.82 Hz)
55: 3240x21elp @ 25.57 Hz _24 bit RGE limited range FramePacking (max frequency
30.15
56: 3840x2160p @ 25.57 Hz _24 bit RGB limited range FramePacking (min frequency
25.82 Hz)
55: 405€x2l€lp B 24 Ez _24 bit RGB_limited range FramePacking (max freguency
Z4.1Z Hz)
58: 405€x21€0p B 24 Ez _24 bit RGB limited range FramePacking (min freguency
23.8& Hz)
58: ted range FramePacking (max frequency
Z4.1Z Hz)
58: 405€x21e0p @ 23.58 Hz _24 bit RGB limited range FramePacking (min frequency
23.8& Hz)
55: 405ex21&0p E 25 Ez _24 bit RGE limited range FramePacking (max freguency
E.12 Hz)
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ass 55: 405ex21&0p @ 25 Ez _24 bit REB limited range FramePacking (min freguency
= 24.88 EHzj

ass 100: 405&x21€lp @ 30 Hz _24 bit DGB limited range FramePacking (max frequency
pass 30.15 Ez)

ass 100:- 405&x21€0p @ 30 Hz 24 bit DGB limited range FramePacking (min frequency
= 25.82 EHz)

ass 100: 405%6x21&0p @ 25.57 Hz _24 bit REE_limited range FramePacking {max freguency
pass 30718 Ez)

ass 100: 4056x21&0p @ 25.57 Hz 24 bit REE limited range FramePacking {min freguency
= 2882 Hz)
paEss Test Result

Figure 61 Example result for Test ID HF2-8: Video Timing 2160p 3D

Result: (Pass/Fail) Pass indicates that the DUT passed this test step
successfully.

Video Mode: The tested video mode. The final entry, “Test Result”, is for
the entire test.
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ID HF2-23 Pixel Dec

Availability

oding YCbCr 4:2:0

HDMI 2.1 TMDS
Compliance Mode, Expert Mode
Color Depth 24 bit

HDMI Receiver Tests for Sinks 7

Color Space YCbCr 4:2:0 (four varieties available)

Purpose and Method

This procedure tests for compliance according to HDMI Sink CTS
Version 2.1i, Section 5.1.3.1 “Sink YCgCpg 4:2:0 Pixel Decoding Tests”,
HF2-23: “Sink Pixel Decoding - YCgCg 4:2:0” and “HF2-23 Keysight MOI

v1.0c”.

This procedure tests whether a DUT appropriately supports YCgCr 4:2:0

pixel encoding and signaling.

For each supported YCgCp pixel encoded video format, which is supported
by the DUT as shown in its EDID, the video signal is generated and
transmitted. Each video format is tested at two pixel clock frequencies:
-0.5% (or -0.6% when the frame-rate is 60 Hz) and +0.5%.

The test is considered as passed if the DUT adequately shows the image at
each pixel clock frequency and for each video format; else, the test is
considered as failed.This test covers 24-bit color depth only.

Connection Diagram

Refer to Figure 51 on page 116.

Result Description

ID HF2-23: Pixel Decoding YCbCr 4:2:0

[Not Compliant]

———-General-——-

Offline

Seftware Versien

Calibration Datz Version

Compliant

Non—compliance reasoni(s)

gCTS Rewiszion

MOI Revision

Use sepersted ¥YColr 4:2:0 tcest imsges
User Name

Keysight N6991THPTA HDMI 2.1 Receiver Compliance Test Automation Software — User Guide

True

2023

Unknown; '1.3.0

False

Procedure offline; Scftware st
Fall/Bise Time Calibration
2.1h

vlc

False

Unknown User
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7 HDMI Receiver Tests for Sinks

pass

pass

pass

pass

pass

pass

pass

pass

pass

pass

pass

pass

pass

pass

pass

pass

pass

pass

pass

———-ME1355& - HDMI Sig. Gen.————

VI Mode False
Fill up blanking pericds with Null packets False
Heep the =signzls afzer test? False
Skip Pattern genersticn Trus

———-5CI Controller———-—

SCDC supports Character Error Detections False
Skip Link Training Falze
Start delsy between 3CDC controller and THDS signal 100 ms
- Dso———-
Use internzl probe head termination woltzage Trus
S5&: 3B40x21€0p @ 50 Hez YCbCr420_7T05_limited range _24 bit (max freguency
Hz)
58: 3840x21c0p @ 50 Hz YCbCr420 705 limited range 24 bit (min freguency 45.75
Hz)
57: 3840xZ160p @ €0 Hz YCLCrd420 705 _limited range _24 bit (max frequency &0.3
Hz)
57: 3840x21¢0p @ €0 Hz YCbCrdld 709 limited range 24 bit (mirn frequency 55 &4
Hz=)
57: 3840x21elp @ 55.54 Hz ¥CbCr420_ 705 limited range _24 bit (max fregquency
55_25 Hz)
57: 3840x21€0p @ S5.54 Hz ¥CbCr420 705 _limited range _24 bit (min freguency 58.7
Hz)
101: 405exzleldp @ 50 Hz YCbCr420 705 _limited range 24 kit (max frequency S50.25
H=)
101: 405€x21&€0p @ 50 Hz ¥CbCr420 705 limived range 24 bit (min frequency 45.75
Hz)
102: 405ex2l&0p B &0 Hz YCbCr4z0_ 705 limited range _24 bit (max frequency &0.3
Hz)
102: 4096x2160p @ €0 Hz YCbCr420 705 limited range 24 bit (min frequency 55.64
Hz=)
102: 405ex2lelp @ 55.54 Hz ¥CbCr420_ 705 limited range _24 bit (max freguency
55.2% Hz)
102: 40356x21€0p @ 55.54 Hz YCbCrdZ0d_705 limited range _24 bit (min freguency
58.7 Hz)
10€: 3840x21e0p @ 50 Hz ¥ChCr420 705 _limited range 24 kit (max fraguency S0.25
Hz)
106: 3840x2160p @ 50 Hz YCbCr420 705 limived range 24 bit (min frequency 45.75
Hz)
107: 3840x2160p B &0 Hz YCbCr4z0_705 limited range _24 bit (max frequency &0.3
Hz)
107: 3B40x21&0p @ €0 Hz ¥CbhCr420 705 limited range 24 bit (min fregquency S5.64
Hz)
107: 3540x21e0p @ 55.54 Hz ¥CbCr420_ 705 limited range _24 bit (max freguency
55.2% Hz)
107: 3540x21e0p @ 55.54 Hz YCbCrd20_705_limited range _24 bit (min freguency
58.7 Hz)

Test Result

Figure 62 Example result for Test ID HF2-23: Pixel Decoding YCgCr
- Result: (Pass/Fail) Pass indicates that the DUT passed this test step
successfully.

- Video Mode: The tested video mode. The final entry, “Test Result”, is for
the entire test.
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HDMI Receiver Tests for Sinks 7

ID HF2-24 Pixel Decoding YCbCr 4:2:0 Deep Color

Availability
HDMI 2.1 TMDS
Compliance Mode, Expert Mode
Color Depth 30 bit, 36 bit, 48 bit
Color Space YCbCr 4:2:0 (four varieties available)

Purpose and Method

This procedure tests for compliance according to HDMI Sink CTS

Version 2.1i, Section 5.1.3.2 “Sink YCgCpg 4:2:0 Pixel Deep Color Decoding
Tests”, HF2-24: “Sink Pixel Decoding - YCgCg Deep Color” and “HF2-24
Keysight MOl v1.0c”.

This procedure tests if a DUT appropriately supports YCgCr pixel encoding
and signaling with deep color content.

For each supported YCgCpg pixel encoded video format that is supported
by the DUT as shown in its EDID, the video signal is generated at each
supported color depth.

The test is considered as passed if the DUT adequately shows the image
for each tested video format; else, the test is considered as failed.

This test covers only 30-bit, 36-bit, and 48-bit color depth.

Connection Diagram

Refer to Figure 51 on page 116.
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7 HDMI Receiver Tests for Sinks

Result Description

ID HF2-24: Pixel Decoding YChCr 4:2:0 Deep Color

[Not Compliant]

————CGeneral-—--

Offline True

Seftware Versieon 2023
Czlibration Datz Wersion Unknown; '1.3.0
Compliant False

Procedure cffline; Scoftware =

n
ot

Non-compliznce reasonis)

Fall/Risze Time Calibration
gCTS Revisicon 2.1lh
MOT Rewision vle

Use sepsrated YT 4:2:0 test imsges False

User Name Unknown User

—===ME15EL - HDMI Sig. Gen.----

VI Hode False
Fill up blanking pericds with Null packets False
Feep the signals afzer test? False
Skip Pattern genersticn Trus

————5CDC Controller—--——-—

SCDC supports Character Error Detections False
Skip Link Training Falsze
Start delay between SCDC controller and THDS signal 100 ms
—-——-Dso————

Use internzl probe head termination voltzage Trus

Mode

pEss SE: 3840x2160p B 50 Hz YCbCr4z0 705 _limited range _3€_bit
pass 57: 3B840x2160p @ €0 Hz YCbCr420 705 limited range 36 bit
pass 57: 3840x2lelp @ 55.34 Hz YCbCr420_7035 limited range _3&_bit
pass 101: £05ex21&60p @ S0 Hz ¥YCbCr420 705 limited range 3& bit
pEss 102: 4056&x2160p B €0 Hz YCbCr420 705 limited range _3€ bit
pass 102: 405&x21e0p @ 55.54 Hz ¥CbCrd42d 705 limited range 36 bit
pass 106: 5840x2160p B 50 Hz YCbCr420 705 limited range _3€ bit
pass 107: 3840x2160p B €0 Hz YCbCr420 705 limited range 3& bit
pass 107: 3840x2lelp @ 5%.54 Hz Y¥CbClr420 705 limited range _3&_bit
DEss Test Result

Figure 63 Example result for Test ID HF2-24: Pixel Decoding YCbCr 4:2:0 Deep Color

- Result: (Pass/Fail) Pass indicates that the DUT passed this test step
successfully.

- Video Mode: The tested video mode. The final entry, “Test Result”, is for
the entire test.
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HDMI Receiver Tests for Sinks 7

ID HF2-25 Sink Video Timing—21:9 (64:27)

Availability
HDMI 2.1 TMDS
Compliance Mode, Expert Mode

Purpose and Method

This procedure tests for compliance according to HDMI Sink CTS
Version 2.1i, Section 5.1.4.2 “Sink Video Timing 21:9 (64:27) Video
Formats Tests”, HF2-25: “Sink Video Timing - 21:9 (64:27)” and “HF2-25
Keysight MOI v1.0c”.

This procedure tests for a limited set of video formats, which have an
aspect ratio of 21:9 (64:27), supported by the DUT.

Each supported video format is run with a color depth of 24 bit. A valid
HDMI video signal is generated and for each tested video format, the pixel
clock frequency is deviated to minimum and maximum as described in the
CTS (typically, +0.5%).

The test is considered as passed if the DUT adequately supports the
transmitted image and the picture is geometrically correct with respect to
the aspect ratio; else, the test is considered as failed. This test covers
24-Dbit color depth only.

Connection Diagram

Refer to Figure 51 on page 116.
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Result Description

Viceo Hoae

ID HF2-25: 8ink Video Timing — 21:9 (64:27)

[Not Compliant]

-——-General--——
Offline

Seftware Versien
Calibration Datz Version

Compliant
Hon-compliance reason(s)

Test imags
User Hame

———-M215EL - HIMI Sig. Gen.————

VI Mode

Fill up blanking pericds with Null packets

Eeep the signsls after test?
Skip Pattern generaticn

====8CDC Controller-—--—

SCDC supports Character Error Detections

Skip Link Training

Start delsy between 3CDC controller and THDS signal

———-Dso———-

Use internzl probe head termination woltzage

Unknown; '1.3.0

False

Procedure offline; Scftware
Fall/Rise Time Calibration
ColorBar

Unknown User

False
False
False
Trus

False
False

100 ms

True

n

pass 80: 1280xTzCp E 24 Ez _24_bit RGE_full range (max Ifreguency 24.12 EHz)
pEsSS &0: 1280x720p € 24 Hz _24 bit RCE full range (min frequency 23.8& Hz)
pass 85> 1280xTzCp E 24 Ez _24_bit RGE_full range (max Ifreguency 24.12 EHz)
pass £5: 1280x720p @ 24 Hz _24 bit RGB full range (min frequency 23.8& Hz)
j<EEH] El: 720p B 25 Hz _24 bit RGE full range (max fregquency 25.12 Hz)
pass £l: 1280x720p @ 25 Hz _24 bit RGB full range (min frequency 24.88 Hz)
j<EEH] gc: 1280=720p B 25 Ez _24 bit RGE full range (max freguency 25.12 EHz)
pass £E: 1280x720p @ 25 Hz _24 bit RGB full range (min frequency 24.88 Hz)
j<EEE] £2: 1280xT2Cp @ 30 Ez _24 bit RGB full range (m=zx freguency 30.15 Ez]
pass €2: 1280x720p @ 30 Hz _24 bit RGB full range (min frequency 25.82 Hz)
j<EEE] £7: 1280xT72Cp @ 30 Ez _24 bit RGB full range (m=zx freguency 30.15 Ez]
pass €7: 1280x720p @ 30 Hz _24 bit RGB full range (min frequency 25.82 Hz)
j<EEE] 1%: 1280x720p E _24 bit RGB full range (max frequency 50.25 Hz]
pass 1%: 1280x720p @ _24 bit RGE full range (min frequency 4%.75 Hz]
j<EEE] E8: 1280xT72Cp @ 50 Ez _24 bit RGB full range (m=x freguency 50.25 EHz)
pass €8: 1280x720p @ 50 Hz _24 bit RGE full range (min frequency 45.7% Hz)
J<EEE] 04: 1280x720p @ €0 Hz _24 bit RGB full range {(mex freguency €0.3 Hz)

pass 04: 1280x720p & 60 Hz _24 bit RGE full range (min frequency 55.64 Hz)
J<EEE] €5: 1280x720p @ €0 Hz _24 bit RGB full range {(mex freguency €0.3 Hz)

BESS €5: 1280x720p @ €0 Hz _24 bit BRGB full range (min frequency 55.€4 Hz)
pass 41: 1280x720p @ 100 Hz _24 bit RGB full range {max frequency 100.5 Hzl
BESS 41: 1280x720p @ 100 Hz _24 bit RGB full range (min freguency 5%.5 Hz)
pass T0: 1280x720p @ 100 Hz _24 bit RGB full range {max frequency 100.5 Hzl
BESS T0: 1280x720p @ 100 Hz _24 bit RGB full range (min freguency 5%.5 Hz)
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paEss 105: 3240=21e0p @ 30 Hz _24 bit RGE full range [max freguency 30.15 Hz)
pass 105: 3240=21e0p @ 30 Hz _24 bit RGE full range (min freguency 25.82 Hz)
paEss SE: 3240x21elp @ 50 Hz _24 bit RGEE_full range (mex freguency 50.25 Hz)
pass SE: 3240x21efp @ 50 Hz _24 bit RGB full range (min freguency 45.75 Hz)
pass 10e: 3240=21e0p @ 50 Hz _24 bit RGE full range [max freguency 50.25 Hz)
pass 106: 3240=21e0p @ 50 Hz _24 bit RGE full range (min freguency 45.75 Hz)
pass 57: 3240=21elp @ €0 Hz _24 bit RGE full range (max freguency 0.3 Hz)
pass 97: 3240x21e0p @ €0 Hz 24 bit RGE full range (min frequency 55.64 Hzl
pass 107: 3B40x2160p @ €0 Hz _24 bit RGEB full range (max frequency &0.3 Hz)
pass 107: 3240=21e0p @ €0 Hz _24 bit RGE full range (min freguency 55.64 Hz)
paEss Test Result

Figure 64 Example result for Test ID HF2-25: Sink Video Timing - 21:9 (64:27)

Result: (Pass/Fail) Pass indicates that the DUT passed this test step
successfully.

Video Mode: The tested video mode. The final entry, “Test Result”, is for
the entire test.
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7 HDMI Receiver Tests for Sinks

ID HF2-36 Video Timing Non-2160p 24bit

Availability
HDMI 2.1 TMDS
Compliance Mode, Expert Mode

Purpose and Method

This procedure tests for compliance according to HDMI Sink CTS
Version 2.7i, Section 5.1.4.1 “Sink Video Timing 6 Tests”, HF2-6: “Sink
Video Timing — 6G - Non-2160p 24-bit Color Depth” and “HF2-36
Keysight MOI v1.0c”.

This procedure tests for a limited set of video formats (only non-2160p
formats), which are supported by the DUT and have a data rate above
340 Mcsc.

Each supported video format is run with a color depth of 24 bit. A valid
HDMI video signal is generated and for each tested video format, the pixel
clock frequency is deviated to minimum and maximum as described in the
CTS (typically, +0.5%).

The test is considered as passed if the DUT adequately supports the
transmitted image; else, the test is considered as failed.

Connection Diagram

Refer to Figure 51 on page 116.
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Result Description

Result

pass
pass
pass
pass
pass
pass

pass
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Figure 65

HDMI Receiver Tests for Sinks 7

ID HF2-36: Video Timing non 2160p 24bit

[Not Compliant]

————General-——-

Offline

Software Version

Calibration Data Version
Compliant

Hon-—compliance reasonis)

TMDS datz te clock ratio 1:40
Usexr Name

-——-MELS5A - HDMLI Sig. Gen.———-
OV Mode

Fill up blanking pericds with Null packets

Feep the signzls after test?
Skip Pattern generaticn

-———-8CDC Controller———-

SCOC supports Character Error Detections

Skip Link Training

Start delay between SCDC controller and TMDE signal

————Dsoc———

Use internzl probe head termination voltage

True

1.3.0

Unknown; '1.3.0
False

Procedure offline; Scftware st
Fall/Rise Time Calibration
Trus

Unknown User

False
False
False

Trus

False
False

100 ms

True

51: 2560x1080p € 100 He _24 bit RGB full range (max freguency 100.5 Hz
§1: 25€0x1080p @ 100 Hz 324 bit BGEB full range (min frequency 55.5 Hz)
S2: 2560x1080p B 120 Hz _24 bit RGE full range (max freguency 120.€ Hz
S2: 2560x1080p B 120 Hz 24 bit RGE full range (min freguency 115.4 Hz)
52: 2560x1080p @ 115.88 Hz _24 bit RGE full range (max frequency 120.& Hz)
52: 2560x1080p @ 115.88 Hz _24 bit RGE full range (min frequency 113.4 Hz)

Example result for Test ID HF2-36: Video Timing non-2160p 24 bit

Result: (Pass/Fail) Pass indicates that the DUT passed this test step

successfully.

Video Mode: The tested video mode. The final entry, “Test Result”, is for

the entire test.
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ID HF2-37 Video Timing Non-2160p Deep Color

Availability

HDMI 2.1 TMDS

Compliance Mode, Expert Mode
Color Depth 30 bit, 36 bit, 48 bit
Data rate between 340 and 600 Mcsc

Purpose and Method

This procedure tests for compliance according to HDMI Sink CTS
Version 2.1i, Section 5.1.4.1 “Sink Video Timing 6G Tests”, HF2-37: “Sink
Video Timing - 6G - Non-2160p Deep Color” and “HF2-37 Keysight MOI
v1.0c”.

This procedure tests for a limited set of video formats (other than 2160p),
which are supported by the DUT and have a data rate above 340 Mcsc.

The test is run at each supported color depth other than 24 bit. A valid
HDMI video signal is generated and for each tested video format and color
depth, the pixel clock frequency is deviated to minimum and maximum as
described in the CTS (typically, +0.5%).

The test is considered as passed if the DUT adequately supports the
transmitted image; else, the test is considered as failed.

Connection Diagram

Refer to Figure 51 on page 116.
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Result Description

ID HF2-37: Video Timing non 2160p Deep Color
[Not Compliant]

————CGeneral-—--

Offline True

Seftware Versieon 2023
Czlibration Datz Wersion Unknown; '1.3.0
Compliant False

Procedure cffline; Scoftware =
Fall/Risze Time Calibration

n
ot

Non-compliznce reasonis)

gCTS Revisicon 2.1lh

MOI Rewision vle

TMDS datza to clock ratio 1:40 Trus

User Name Unknown User

———-ME1554 - HDMI Sig. Gen.-————

NI Mode False
Fill up blanking pericds with Null packets False
Feep the signals afzer test? False
Skip Pattern genersticn Trus

————5CDC Controller—--——-—

SCDC supports Character Error Detections False
Skip Link Training Falsze
Start delay between SCDC controller and THDS signal 100 ms
—-——-Dso————

Use internzl probe head termination voltzage Trus

pass 132: 1520x1080p @ 52 Hz _3& bit RGB_full range (max freguency 52_4& Hz
pEss 132: 1520x1080p @ 52 Hz _36 bit RGB full range (min freguency 51.54 Hz)
pass Test Result

Figure 66 Example result for Test ID HF2-37: Video Timing non-2160p Deep Color

Result: (Pass/Fail) Pass indicates that the DUT passed this test step
successfully.

Video Mode: Tested Video mode. The final entry, “Test Result”, is for
the entire test.
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ID HF2-38 Video Timing Non-2160p 3D

HDMI 2.1 TMDS
Compliance Mode, Expert Mode

Purpose and Method

This procedure tests for compliance according to HDMI Sink CTS
Version 2.7i, Section 5.1.4.1 “Sink Video Timing Tests”, HF2-38: “Sink
Video Timing - 6G - Non-2160p 3D” and “HF2-38 Keysight MOI v1.0c”.

This procedure tests for a limited set of video formats (only non-2160p
formats) and 3D modes, which are supported by the DUT and have a data
rate above 340 Mcsc.

Each supported video format is run with a color depth of 24 bit. A valid
HDMI video signal is generated and for each tested video format, the pixel
clock frequency is deviated to minimum and maximum as described in the
CTS (typically, +0.5%).

The test is considered as passed if the DUT adequately supports the
transmitted image; else, the test is considered as failed.

Connection Diagram

Refer to Figure 51 on page 116.
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Result Description

ID HF2-38: Video Timing non 2160p 3D
[Not Compliant]

————General-——-

Offline True

Software Version 1.3.0
Calibration Datz Version Unknown; '1.3.0
Compliant False

Procedure cffline; Scftware st

Non-compliznce reasomnis)

Fall/Rize Time Czlibration
TMDS datz to clock ratic 1:40 Trus
User Name Unknown User

-——-ME21%5% - HDMI Sig. Gen.———-

WI Mode False
Fill up blanking pericds with Null packets False
Eeep the signsls after test? False
Skip Pattern generation Trus

-———S5CDC Controller———-

SCDC supports Character Error Detections False
Skip Link Training False
Start delay between SCDC controller and TMDS signal 100 ms
————Dso———

Use internzl probe head terminztion woltage Trus
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7 HDMI Receiver Tests for Sinks

ideo Mode

, limited range FramePacking (max frequency

63: 1520x1080p @ 120 Hz _24

pass - 1 € Hz)

szs 63: 15Z20x1080p @ 120 Hz _24 bit BGB limited range FramePacking (min frequency
= 113.4 Hz)
pass €3: 1520x1080p @ 115.88 Hz _.

szs 63: 1520x1080p @ 115.88 Hz _24 bit REE limited range FramePacking (min freguency
E 115.4 Hz)
pass €4: 15Z0x1080p @ 100 Hz _24 bit BGB limited range FramePacking (max frequency

]

szs 64: 15Z0x1080p @ 100 Hz _24 bit BGB limited range FramePacking (min frequency
E 35.5 Hz)

szs 77: 1520x1080p @ 100 Hz _24 bit B limited range FramePacking (max frequency
pass = Hz)

azs 77: 1520x1080p @ 100 Hz _24 bit BGB limited range FramePacking (min frequency
E 35.5 Hz)

szs T&: 15Z0x1080p @ 120 Hz _24 bit BRGB limited range FramePacking (max frequency
pass 120.6 Ez)

szs T8: 15Z20x1080p @ 120 Hz _24 bit BGB limited range FramePacking (min frequency
E 175.4 Hz)

. T8z 1520x1080p @ 115.88 Hz _24 bit RE ited range FramePacking (max freguency
pass 120.6 Ez)

azs T8: 1520x1080p @ 115.88 Hz _24 bit RGE limited range FramePacking (min freguency
E 115.4 Hz)

. 0 Ez _24 bit RGB limited range FramePacking (max freguency
pass 120.6 Ez)

azs Hz 24 bit BRGE limited range FramePacking (min freguency
E 115.4 Hz)

. Hz _24 bit RGE limited range FramePacking (max freguency
pass 50.2% Hz)

azs 85: 2560x1080p @ 50 Hz _24 bit RGE limited range FramePacking (min freguency
E 45.7% Hz)

azs 50: 25€0x1080p @ €0 Hz _24 bit RGE limited range FramePacking (max freguency
pass 0.3 Hz)

aes $0: 25€0x1080p @ €0 Hz _24 bit RGE limited range FramePacking (min fregusncy
E 52.7 Hz)

pass Test Result

Figure 67 Example result for Test ID HF2-38: Video Format Timing Non-2160p 3D

- Result: (Pass/Fail) Pass indicates that the DUT passed this test step
successfully.

- Video Mode: The tested video maode. The final entry, “Test Result”, is for
the entire test.
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HDMI 2.1 FRL Signal

HFR2-1 Differential Swing Tolerance

Availability
HDMI 2.1 FRL
Compliance Mode, Expert Mode
Minimum supported FRL data rate, Maximum supported FRL data rate

Purpose and Method

This procedure tests for compliance according to HDMI Sink CTS

Version 2.7i, Section 5.2.1.1 “Sink FRL Electrical Tests”, HFR2-1: “Sink FRL
Electrical - Min/Max Differential Swing Tolerance” and “HFR2-1 Keysight
MOI v1.0d”.

An FRL Gap character pattern (that is, RXSB33PAT, as defined in the CTS)
is generated with calibrated voltage levels and without any jitter applied.
This procedure can be performed to find the minimum and maximum
swing values.

The minimum swing procedure is available in Expert Mode only and can
be found under Expert Mode > HDMI 2.1 > Differential SwingTolerance in
the procedure tree.

For maximum swing, the differential swing voltage is fixed at 1200 mV. The
Vicm is setto 3.135 V.

At each step, link training is performed between the Sink DUT and the FRL
Signal Generator for the selected FRL rate. If the link training passes, the
FRL test patterns are applied and the software performs the BER test. The
test is considered as passed if there are no errors; else, the test is
considered as failed.

This test must be conducted for the highest and lowest supported data
rates.

Connection Diagram

Refer to Figure 51 on page 116.
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Result Description

HFR2-1 3Gbps Max Differential Swing Tolerance
[Not Compliant]

=——-General----

O0ffline True
Software Version 1.3.0
Calibration Data Versiom Unknown
Compliant False

Procedure coffline; Seftware statu
LaneZ+ FrllinkRate 3Gbps Threelan

Nen-compliznee reason(s) Czlibration LaneQ+_FrilinkRate 3G
TEempLRA e Calibration Lanel- FrilinkRate 3G
Lanel+ FrllinkRate 3Gbps ThreeLan

Lane2- FrllinkRate 3Cbps Threelan

Video Mods FRLO (3 Lanes) : BXSBA3PRT @ 3 GB
Start Differentizl Swing 1.2V
Minimum Differentizl Swing L.z2v
Differential Swing Step Size 10 mW
Voltage Offset 3.3 W

Starting Pattern on Lane LTPS - LESRED 405 FRL Characters

[SENE =

Pattern on Lane LTPE - LFSR1 405¢ FRL Characters
Starting Pattern on Lane LTE7 - LFSRZ 405¢ FRL Characters
User Name Unknown User

-——-ME155R - HIMI Sig. Gen.-———

NI Mode False
Fill up blanking periods with Null packets False
Fesp the signals sfter test? False
Skip Pattern gensration Trus

-———5CDC Controller———-—

SCDOC supports Character Error Detections False
Skip Link Training False
Start delay between 3CDC controller and THDS signal 100 ms
====Dsg----

Use internzl probe head terminstion wvoltage True

- - - P Total Total Bits
L:_I.I'l? FRL BER [ 1 Cumlative | Iterations Maa. P O e ———
Training Start Errors [] [1
Interval [s] [1

True True 0. 000E+00D 0 10 111.1000 1.045E+012

Figure 68 Example result for HFR2-1: Differential Swing Tolerance

Result: (Pass/Fail) Pass indicates that the DUT passed this test step
successfully.

Vicm: The common mode voltage Level.

Passed Diff. Swing [mV]: The minimum differential swing when the DUT
passed (separated for each FRL pair).

Link Training: Value is ‘True’ if link training is successful.
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FRL Start: Value is ‘True’ if the “FRL_Start” flag is set true (1) in the DUT
after link training is performed.

BER: Measured Bit Error Ratio.

Cumulative Errors: Number of errors in all lanes during the BER test.
lterations: Number of iterations into which the BER measurement is
divided.

Total Measurement Interval [s]: The duration of the BER test in seconds.
Total Bits Processed: The number of bits processed during the BER test.
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HDMI Receiver Tests for Sinks

HFR2-2 Intra-Pair Skew

Availability

HDMI 2.1 FRL
Compliance Mode, Expert Mode
Minimum supported FRL data rate, Maximum supported FRL data rate

Purpose and Method

This procedure tests for compliance according to HDMI Sink CTS
Version 2.7i, Section 5.2.1.1 “Sink FRL Electrical Tests”, HFR2-2: “Sink FRL
Electrical - Intrapair Skew” and “HFR2-2 Keysight MOl v1.0d”.

For each FRL lane pair, the intra-pair skew is set to the worst case value
150 mTBit + 30 ps, as required in the MOI. The skew must be applied twice
— once each on the positive lines and on the negative lines.

The Vo is set to 3.135 V and the differential swing voltage is setto 1 V.

At each step, link training is performed between the Sink DUT and the FRL
Signal Generator for the selected FRL rate. If the link training passes, the
FRL test patterns are applied and the software performs the BER test. The
test is considered as passed if there are no errors; else, the test is
considered as failed.

This test must be conducted for the highest and the lowest supported data
rates.

Connection Diagram

Refer to Figure 51 on page 116.
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Result Description

HFR2-2 3Gbps Intrapair Skew
[Not Compliant]

—---General-—--

Offline Truse
Scftware Version 1.3.0
Calibratieon Data Version Unknown
Compliant False

Procedure offline; Scftware status
La‘mnz.— - FrllinkRate 3Gbps ThreeLane,
ration, FRL Swing Calibration
_FrlL:LﬂcRat,e 3Cbps Threelane,
- FrllinkRate_ 3Gbps Threelane,
- FrllinkRate_ 3Gbps Threelane,

Neon-compliance reason(s)

Video Mode 0 {3 Lanes] : RXSB33PRT @ 3 GBit
Skew 240 mIBit

Skew in ps 80 ps

Cable Emulator HOMI 2 1 WCH3

Starting Pattern on Lane I LIPS - LFSRD 405¢& FRL Characters

(SIS

Starting Pattern on Lane LTPe - LEFSR1 405& FRL Characters
Starting Pattern on Lane LTP7 - LFSR2 405& FRL Characters
Enable Crosstalk Truse

User Name Unknown User

———-M21552 - HOMI Sig. Gen.-———-

OVI Mode False
Fill up blanking pericds with Null packsts Fzlze
Eeep the signals after test? False
Skip Pattern generzticn Trus

———-3CDC Controller———-

SCDC supports Character Error Detections Fzl=e
Skip Link Training False
Start delay between SCDC controller and THDS signal 100 ms
———-Dso———
Use internal probe head termination voltage True
Total Total Bits
Cumul ative Iterations
Result 1':ra o FRL Start BER [ ] Errora [] 1 Messurement. Proces=zed
ining Interwval [s] [1
as5s 211 Lanes+ True True 0.CODE+CO0 111.1000 1.04EE+012
pasg .11 Lanes- True True 0. 00OE+000 o 10 111.1000 1.048E+012

Figure 69 Example result for HFR2-2: Intra-Pair Skew

Result: (Pass/Fail) Pass indicates that the DUT passed this test step
successfully.

FRL Lane: The lane where skew is applied.
Link Training: Value is ‘True’ if link training is successful.

FRL Start: Value is ‘True’ if the “FRL_Start” flag is set true (1) in the DUT
after link training is performed.

BER: Measured Bit Error Ratio.
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Cumulative Errors: Number of errors in all lanes during the BER test.
lterations: Number of iterations into which the BER measurement is
divided.

Total Measurement Interval: The duration of the BER test in seconds.
Total Bits Processed: The number of bits processed during the BER test.
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HFR2-3 Inter-Pair Skew

Availability
HDMI 2.1 FRL
Compliance Mode, Expert Mode

Minimum supported FRL data rate, Maximum supported FRL data rate
Lane0, Lanel, Lane?

Purpose and Method

This procedure tests for compliance according to HDMI Sink CTS
Version 2.1i, Section 5.2.1.1 “Sink FRL Electrical Tests”, HFR2-3: “Sink FRL
Electrical - Inter-Pair Skew” and “HFR2-3 Keysight MOI v1.0d”.

The data generator sets a delay of 400 mTBit + 500 ps on one lane against
all other lanes. This inter-pair skew is applied first on the positive line then
on the negative line of the tested lane. All lanes must be tested, therefore,
the procedure must be run for each lane.

The Vo is set to 3.135 V and the differential swing voltage is setto 1 V.

At each step, link training is performed between the Sink DUT and the FRL
Signal Generator for the selected FRL rate. If the link training passes, the
FRL test patterns are applied and the software performs the BER test. The
test is considered as passed if there are no errors; else, the test is
considered as failed.

This test must be conducted for the highest and the lowest supported data
rates.

Connection Diagram

Refer to Figure 51 on page 116.
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Result Description

HFR2-3 3Gbps Inter-Pair Skew Lane0
[Not Compliant]

—--—General-—--

Offline

Scftware Version
Calibration Data Version

Compliant
Hon—compliance reason(s)

Video Mode
Cable Emulator
Starting Pattern on Lane

Pattern on Lane

(SIS

Starting Pattern on Lane
Enable Crosstalk

User Name

——-——ME2155E - HIMI Sig. Gen.--—

VI Mode

Fill up blanking pericds with Null packets

Eeep the signals after test?

Skip Pattern gensration

———-5CDC Controller——--—

SCDC supports Character Error Detections

Skip Link Training

Start delay between S5CDC controller and THMDS signal
———-Dso——-—-

Use internal probe head termination woltage

True

1.3.0

Unknown

False

Procedure offline; Software status
+ FrllinkRate 3Cbps Threelane
ibration, FRL Swing Calibration
— FrllinkRate 3Cbps Threelane,
+ FrllinkRate 3Cbps Threelane,
— FrllinkRate_ 3Cbps Threelane,
{3 Laznes] : RXSB3I3PAT @ 3 G2
2 1 WCH3

— LFSRO 405& FRL Characters

— LEFSR1 405& FRL Characters

7 — LFSRZ 405& FRL Characters

Trus

Unknown User

False
False
False
Trus

False
False

100 ms

Trus

Total Bits

lati Total
Link Training| FBL Start & _EtlUE Iteration= [] Messuremsnt
Errors [] Processed [ ]
Interwval [=s]
10

111.1000
111.1000

1.045E+012
1.045E+012

Result
pass 5500 Trus True 0. 000E+000 0
pass -5500 True True 0. 000E+D00 o 10
Figure 70 Example result for HFR2-3: Inter-Pair Skew

Result: (Pass/Fail) Pass indicates that the DUT passed this test step

successfully.

Max Inter-Pair Skew [mTBit]: The skew value applied to the tested lane.
Link Training: Value is ‘True’ if link training is successful.
FRL Start: Value is ‘True’ if the “FRL_Start” flag is set true (1) in the DUT

after link training is performed.
BER: Measured Bit Error Ratio.

Cumulative Errors: Number of errors in all lanes during the BER test.
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[terations: Number of iterations into which the BER measurement is

divided.
Total Measurement Interval: The duration of the BER test in seconds.

Total Bits Processed: The number of bits processed during the BER test.
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HDMI Receiver Tests for Sinks

HFR2-4 Minimum Link Rate

Availability

HDMI 2.1 FRL
Compliance Mode, Expert Mode
Minimum supported FRL data rate, Maximum supported FRL data rate

Purpose and Method

This procedure tests for compliance according to HDMI Sink CTS

Version 2.7i, Section 5.2.1.1 “Sink FRL Electrical Tests”, HFR2-4: “Sink FRL
Electrical - Minimum Link Rate Tolerance” and “HFR2-4 Keysight MOl
v1.0d".

The link rate tolerance is tested by applying a deviation of 300 ppm to the
nominal value. Both positive and negative deviations are tested.

The Vo is set to 3.135 V and the differential swing voltage is setto 1 V.

At each step, link training is performed between the Sink DUT and the FRL
Signal Generator for the selected FRL rate. If the link training passes, the
FRL test patterns are applied and the software performs the BER test. The
test is considered as passed if there are no errors; else, the test is
considered as failed.

This test must be conducted for the highest and the lowest supported data
rates.

Connection Diagram

Refer to Figure 51 on page 116.
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Result Description

HFR2-4 3Gbps Minimum Link Rate Tolerance
[Not Compliant]

———-General-—-—

Offline True

Scftware Version 1.3.0

Calibration Data WVersion Tnknown

Compliant Fzlse
Procedure offline; Software status
Lanei+ FrllinkRate 3Cbps Threelane

ration, FRL Swing Czlibration
FrllinkRate 3Gbps T
FrllinkRate 3Gbps T
Lanel- FrllinkRate 3Gbps_T.
Video Mode FRLD (3 Lanes) : BXSEIZDPAT @ 3 GBI
e Emulator HOMI 2 1 WCH3
LTPS — LFSRO 405& FRL Characters

Hon—compliznce reason(s)

ing Pattern on Lane

(SR

ng Pattern on Lane LTEE - LESRE1 405%& FRL Characters
ting Pattern on Lane LTPF7 — LESRZ 405¢ FRL Characters
Enable Crosstalk True
User Hame Unknown User

—=--ME155A - HIMI S5ig. Gen.----

OVI Mode False
Fill up blanking pericds with Null packets Fzlse
Eeep the signals after test? False
Skip Patterm generation True

——--8C0C Contreller-——-—

SCDC supports Character Error Detections False
Skip Link Training False
Start delzy between SCDC controller and TMDS signal 100 ms
———-Dso--—-
Use internal probe head termination voltage True
Link Rate . - . Total Total Bits
Cumul
Besult Deviation Trﬁ;;ikn FEL Start BER [ 1] Erra:astlE;E Ite:.?.‘:tl::.nns Measurement Processed
[Bit/s] 9 Intezrval [s] [
pass 3000500000 Trus True 0. 000E+000 0 10 111._1000 1.045E+012
pass 2555100000 True True 0.000E+000 V] 10 111.1000 1.045E+012
Figure 71 Example result for HFR2-4: Minimum Link Rate

Result: (Pass/Fail) Pass indicates that the DUT passed this test step
successfully.

Link Rate Deviation [Bit/s]: The value of link rate deviation applied to
the nominal value.

Link Training: Value is ‘True’ if link training is successful.

FRL Start: Value is ‘True’ if the “FRL_Start” flag is set true (1) in the DUT
after link training is performed.

BER: Measured Bit Error Ratio.
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Cumulative Errors: Number of errors in all lanes during the BER test.
lterations: Number of iterations into which the BER measurement is
divided.

Total Measurement Interval: The duration of the BER test in seconds.
Total Bits Processed: The number of bits processed during the BER test.
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HFR2-5 Jitter Tolerance

Availability
HDMI 2.1 FRL
Compliance Mode, Expert Mode
Minimum supported FRL data rate, Maximum supported FRL data rate

Purpose and Method

This procedure tests for compliance according to HDMI Sink CTS
Version 2.7i, Section 5.2.1.1 “Sink FRL Electrical Tests”, HFR2-5: “Sink FRL
Electrical - Jitter Tolerance” and “HFR2-5 Keysight MOl v1.0d”.

In this procedure, the FRL data generator is configured to generate a
signal that meets the compliance eye diagram mask according to the
HDMI specifications.

The differential swing is set to meet the target eye height, which is a value
between 150 mV and 100 mV, depending on the link rate tested.

The random jitter and PCB Loss Factor are set to meet the target width,
which is a value between 500 mTBit and 350 mTBit, depending on the link
rate tested.

Thereafter, link training is performed between the Sink DUT and the FRL
Signal Generator for the selected FRL rate. If the link training passes, the
FRL test patterns are applied and the software performs the BER test. The
test is considered as passed if there are no errors; else, the testis
considered as failed.

This procedure must be repeated for various sinusoidal jitter amplitude
and frequency pairs:

Sd=1Ul@ 0.1%;

SJ=0.51 Ul @ 0.2%;

SJ=0.22 Ul @ 0.5%,

SJ=0.14 Ul @ 1%,

SJ=0.11Ul @ 2%,

SJ=0.10 Ul @ 5%,

SJ=0.10 Ul @ 10*,
Here, f. is the clock frequency and has the values

4 MHz for FRL rate Ryt = 3 Gb/s

Rpit/ 1500 for FRL rate Ryt = 6 Gb/s, 8 Gb/s, 10 Gb/s and12 Gb/s
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This test must be conducted for the highest and the lowest supported data

rates.

Connection Diagram

Refer to Figure 51 on page 116.

Result Description

HFR2-5 3Gbps Jitter Tolerance 1UI@400kHz

[Not Compliant]

——-—General----

Offline

Software Version
Calibration Data WVersion

Compliant
Hon—complisnce reascon{s)

Video Mode
Cable Emulator
Starting Pattern on Lane

Starting Pattern on Lane

(SR

Starting Pattern on Lane
Target Jitter Lanel
Target Jitter Lansl
Target Jitter Lanel

Eye Height Lansl

Eye Height Lanel

Eve Height Lansl

5T pk-pk

5J Frequency

Enzble Crosstzalk

User Hame

-—--MEL1SE5A - HIMI Sig. Gen.-——-

OVI Mode

Fill up blanking pericds with Null packets

Eeep the signals aiter test?

Skip Pattern generztion

————8CDC Controller—-——-

SCDC supports Character Error Detections

Skip Link Training

Start delzy between SCDC controller and TMDS =signal

———-Dso--—-

TUse internzl probe head termination voltage

Result

False

Procedure offline; Software status
Lanei+ FrllinkRate 3Gbps ThreeLane
Calibration, FRL Swing Czlibrztion
FrllinkRate 3Gbps T
- FrllinkRate 3Gbps T
Lanel- FrllinkRate 3Gbps Threelane
FRLO (3 Lanes] : RXSB33PLT @ 3 GBL
HOMI 2 1 WCH3

LTPS - LFSRO 4053& FRL Characters
LTPe - LFSR1 405& FRL Characters
LTPF7 - LEFSRZ 405€ FRL Charxacters
E00 mOI

500 m0I

E00 mOI

150 oW

150 oW

150 oW

17101

400 kHz

True

Unknown TUser

False
False
False

True

False
False

100 ms

True

TrzesitEo Total Total Bits
- 1 Messurement Processed
Interwal [=] [1
10

111.1000 1.045E+012

Figure 72 Example result for HFR2-5: Jitter Tolerance
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Result: (Pass/Fail) Pass indicates that the DUT passed this test step
successfully.

Total Jitter [mTBIt]: The total jitter added to the signal in this step.
Link Training: Value is ‘True’ if link training is successful.

FRL Start: Value is ‘True’ if the “FRL_Start” flag is set true (1) in the DUT
after link training is performed.

BER: Measured Bit Error Ratio.
Cumulative Errors: Number of errors in all lanes during the BER test.

[terations: Number of iterations into which the BER measurement is
divided.
Total Measurement Interval [s]: The duration of the BER test in seconds.

Total Bits Processed: The number of bits processed during the BER test.

Keysight N6991THPTA HDMI 2.1 Receiver Compliance Test Automation Software — User Guide 169



7 HDMI Receiver Tests for Sinks

Additional Sink Tests in Expert Mode

The tests described in this section are available only in Expert Mode and
are intended for custom characterization and debugging of sink DUTs.

ID 8-15 Character Synchronization Test

Availability

HDMI 1.4
Expert Mode

Purpose and Method

This procedure tests for compliance according to HDMI CTS Version 1.4b,
Section 8.4 “Sink - Protocol”, Test ID 8-15: “Character Synchronization”. A
valid video signal with a resolution of 640 x 480p and a frequency of 60 Hz
is generated with all blanking periods filled up with packets. The test is
considered as passed if the Sink displays the expected video image
without errors; otherwise, the test is considered as failed.

Connection Diagram

Refer to Figure 51 on page 116.
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Result Description

ID 8-15: Character Synchronization Test

[Not Compliant]

CTS Test

———-General-——-

Offline Trus

Seftware Versien 1.3.0
Calibration Datz Version Unknown; '1.3.0
Compliant False

Procedure
Fall/Rise

User Name Unknown User

; Seftware st

Hon-compliance reason(s) Time Calibration

-——-M2155% - HDOMI Sig. Gen.--——-

VI Mode False
Fill up blanking perieds with Null packets False
Feep the szignzls after test? Falze
Skip Pattern generaticn Trus

——--8CIC Controller————

SCDC supports Character Error Detections False
Skip Link Training False
Start delay between 3CDC controller amd TMDS sigmal 100 ms
—===Dsg=——==

Use internzl probe head termination voltzge Trus

LEsS Ho
Figure 73 Example result for Test ID 8-15: Character Synchronization

Result: (Pass/Fail) Pass indicates that the DUT passed this test step
successfully.

Pixel Errors: (Yes/No) Output errors on DUT.
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ID 8-16 Acceptance of All Valid Packet Types

Availability
HDMI 1.4
Expert Mode
Purpose and Method

This procedure tests for compliance according to HDMI CTS Version 1.4b,
Section 8.4 “Sink - Protocol”, Test ID 8-16: “Acceptance of All Valid Packet
Types”.

This is a compliance test to verify that a DUT supports all valid packet
types. The procedure will verify all valid packet types as required by the
CTS. At each step, the DUT must support the signal.

The test is considered as passed if the DUT shows an image; otherwise, the
test is considered as failed.

Connection Diagram

Refer to Figure 51 on page 116.
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HDMI Receiver Tests for Sinks

ID 8-16: Acceptance of All Valid Packet Types
[Not Compliant]

——==Ceneral----
Offline

Software Versiocn
Calibration Data

Compliant

Version

Non-compliance reasonis)

User Name

-——-ME81354 - HIMI Sig. Gen.--——-

VI Hode
Fill up blanking
Feep the signals

pericds with Null packets

after test?

Skip Pattern generaticn

-——-SCDC Contreller———-

SCDC supports Character Error Detections

Skip Link Training

Start delay between 3CDC controller amd TMDS sigmal

—===Dsg=——==

Use internzl probe head termination voltzge

sult

pass

pass

pass

pass

GenerzlControl_Clear BVMute Clear,
VI I BZudio Info, NULL packet,
Vendor-specific Info, MPEG info,
SPD info
GeneralControl Set MWVMute Clear,
AVI Info, Eudio Info, NULL packet,
Vendor-specific Info, MPEG info,
SPD info
ISRCL Packet, AVI Infeo, AZudie
Info, MULL packet, Vendor-specific
Info, MPEG info, SED info
ISRC2 Packet, AVI Info, Audia
Info, MULL packet, Vendor-specific
Info, MPEG info, SED info

Trus
1.3.0
Unknown; '1.3.0
False
Procs
Fall/Rise Time Calibration

Unknown User

False
False
Falsge

True

False
False

100 ms

Trus

Figure 74 Example result for Test ID 8-16: Acceptance of All Valid Packet Types

Result: (Pass/Fail) Pass indicates that the DUT passed this test step
successfully.

Packet: Name of the tested packet.
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ID 8-19 Pixel Encoding Requirements

Availability
HDMI 1.4
Expert Mode

Purpose and Method

This procedure tests for compliance according to HDMI CTS Version 1.4b,
Section 8.5 “Sink - Video”, Test ID 8-19: “Pixel Encoding Requirements”.

Depending on the supported pixel encoding by the DUT, a valid video
signal with a resolution of 720 x 480p or 720 x 576p is generated at each
step. The various supported pixel encodings are configured in the
“Configure Product” dialog.

The test is considered as passed if, for all supported pixel encodings, the
Sink displays the expected video image without errors; otherwise, the test
is considered as failed.

Connection Diagram

Refer to Figure 51 on page 116.
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Result Description

ID 8-19: Pixel Encoding Requirements
[Not Compliant]
Video Mode: 63; 1920x1080p @ 120 Hz

—-—--Ceneral----

Offline Trusa

Software Version 1.3.0
Calibration Data Versiomn Unknown; 'L.3.0
Compliant False

Procedurse offline; Software =t
Fall/Rise Time Calibration
Video Mods €3: 1520x1080p @ 120 EHz

User Name Unknown User

Non-complisnce reasonis)

—===ME15EL - HDMI Sig. Gen.----

NI Mode False
Fill up blanking pericds with Null packets False
Feep the signals afzer test? False
Skip Pattern genersticn Trus
====8CDC Controller----

SCDC supports Character Error Detections Falsze
Skip Link Training False
Start delay between S5CDC controller and THMDS signal 100 ms
————Dso———

Use internzl probe head termination voltzge Trus

Colox Mode
pass RGEE full range
pass Test Result

Figure 75 Example result for Test ID 8-19: Pixel Encoding Requirements

Result: (Pass/Fail) Pass indicates that the DUT passed this test step
successfully.

Color Mode: The tested color mode. The final entry, “Test Result”, is for
the entire test.
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HDMI Receiver Tests for Sinks

ID 8-20 Video Format Timing

Availability
HDMI 1.4
Expert Mode

Purpose and Method

This procedure tests for compliance according to HDMI CTS Version 1.4b,
Section 8.5 “Sink - Video”, Test ID 8-20: “Video Format Timing”.

For each supported format and pixel clock frequency, two video signals are
generated. These signals are generated with a pixel clock frequency
deviation of either -0.5% or +0.5%.

The test is considered as passed if the Sink displays the expected video
image at the minimum and maximum allowed pixel clock frequency for all
supported formats and frequencies; otherwise, the test is considered as
failed.

Connection Diagram

Refer to Figure 51 on page 116.
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Result Description

ID 8-20: Video Format Timing

[Not Compliant]
————CGeneral-—--
Offline True
Seftware Versieon 1.3.0
Czlibration Datz Wersion Unknown; '1.3.0
Compliant False
Nen-compliance reasonis) E‘rc:::e.dx.;fe c?:"_ine:-Scft(:aa:E =t
Fall/Risze Time Calibration
User Name Unknown User
-——-ME2155A - HIMI Sig. Gen.————
VI Mode False
Fill up blanking pericds with Null packets False
Feep the signals after test? False
Skip Pattern generaticn Trus
-———-8CDC Controller—-——-
SCOC supports Character Error Detections False
Skip Link Training False
Start delay between S5CDC controller and THMDS signal 100 ms
————Dso———
Use internzl probe head termination voltzge Trus
paEss 01: £40x480p, Max(€D.3 Hz)
pass 0l: €40x480p, Min(55.&84 Hz)
pEss 02: 720x480p, Max(&€D.3 Hz)
pEss 02: 720x450p, Min(55.6&64 Hz)
pEss 03: 720x480p, Max(&€D.3 Hz)
pEss 03: 720x450p, Min(55.64 Hz)
pass 04: 1280x720p, Maxm(€0.3 Hz)
pass 04: 1280x720p, Min(55.&4 Hz)
pass 08: 1520x1080i, Ma=x(€0.3 Hz)
pass 05: 1520x1080i, Min(55.€4 Hz)
pEss 0€: 1440x480i, Max(€0.3 Hz)
pass 06z 1440x480i, Min(55.&4 Hz)
paEss 07: 1440x480i, Max(€0.3 Hz)
pass 07z 1440x480i, Min(55.&84 Hz)
pEss 08: 1440x24Cp, 22 VBElank linss, M=x(£0.41:557% Hz)
pass 08: 1440x240p, 22 VBlank lines, Min(53.814425 Hz)
pass 08: 1440x:240p, 23 VElank lines, Max(&l.41557:5 Hz)

Figure 76 Example result for Test ID 8-20: Video Format Timing
(just the top of the table)

Result: (Pass/Fail) Pass indicates that the DUT passed this test step
successfully.

Video Mode: The tested video mode. The final entry, “Test Result” (not
shown here), is for the entire test.
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ID 8-21 Audio Clock Regeneration

Availability
HDMI 1.4
Expert Mode

Purpose and Method

This procedure tests for compliance according to HDMI CTS Version 1.4b,
Section 8.6 “Sink — Audio”, Test ID 8-21: “Audio Clock Regeneration”.

This test checks whether a DUT operates correctly with respect to Audio
Clock Regeneration. A video format of 576p is used, including audio with a
sampling rate of 48 kHz along with an ACR packet data at minimum
deviation in the first step and maximum deviation in the second step. For
both steps, a listening test must be performed.

The test is considered as Passed if sound is played appropriately; else, the
test is considered as failed if there is no sound or extraneous sound, such
as breaking up sound or unnecessary mute.

Connection Diagram

Refer to Figure 51 on page 116.
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HDMI Receiver Tests for Sinks 7

Result Description

ID 8-21: Audio Clock Regeneration

[Not Compliant]

————CGeneral-—--

Offline True

Seftware Versieon 1.3.0
Czlibration Datz Wersion Unknown; '1.3.0
Compliant False

Hen-compliznes reasonis) Procedure offline; Software st
TenEpLa = Fall/Rise Time Calibration
User Name Unknown User

———-ME15EL - HDMI Sig. Gan.-————

VI Hode False
Fill up blanking pericds with Null packets False
Eeep the signals after test? False
Skip Pattern gemneration Trus

———-8CDC Controller—--———

SCDC supports Character Error Detections False
Skip Link Training False
Start delay between S5CDC controller and THMDS signal 100 ms
————Dso———

Use internzl probe head termination voltzge Trus

Result Audioc clock regeneration

pEss COF Pre-Test
pass Minimum
=EEE] Maximum
pass

Figure 77 Example result for Test ID 8-21: Audio Clock Regeneration

Result: (Pass/Fail) Pass indicates that the DUT passed this test step
successfully. The final row applies to the complete test.

Audio clock regeneration: The type of audio clock regeneration.
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HDMI Receiver Tests for Sinks

ID 8-22 Audio Jitter Test

Availability
HDMI 1.4
Expert Mode

Purpose and Method

This procedure tests for compliance according to HDMI CTS Version 1.4b,
Section 8.6 “Sink - Audio”, Test ID 8-22: “Audio Sample Packet Jitter”.

The purpose of this test is to find out if the DUT plays audio properly with
the maximum allowed Audio Sample Jitter. It runs for the 480p, 576p or
VGA video mode. The software applies maximum jitter to the Audio
Sample Packet transmission timing. Then, a listening test is performed.

The test is considered as passed if sound is played appropriately; the test
is considered as failed if there is either no sound or extraneous sound, such
as crackling or it is unnecessarily muted.

Connection Diagram

Refer to Figure 51 on page 116.
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HDMI Receiver Tests for Sinks 7

Result Description

ID 8-22: Audio Jitter Test
[Not Compliant]

-——-CGeneral---—-—

Offline True

Seftware Versiom 1.3.0
Czlibration Datz Version Unknowrn; '1.3.0
Compliant False

Procedure offline; Scftware st

Non-compliance reasoni(s) Fall/Rise Time Calibration

With Jitter Trusa

User Name Unknown User

Video Mode 1: e4Dx4B80p @ &0 Hz
-——-ME2155A - HIMI Sig. Gen.————

VI Mode False

Fill up kblanking pericds with Null packets False

Feep the zignals after tast? Falsze

Skip Pattern generaticn Trus

-———-8CDC Controller—-——-

SCOC supports Character Error Detections False
Skip Link Training False
Start delay between S5CDC controller and THMDS signal 100 ms
————Dso———

Use internzl probe head termination voltzge Trus

[ Result | Ecvors |

pEss Ho
Figure 78 Example result for Test ID 8-22 Audio Jitter

Result: (Pass/Fail) Pass indicates that the DUT passed this test step
successfully.

Errors: (Yes/No) Output errors detected.
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HDMI Receiver Tests for Sinks

ID 8-23 Audio Formats

Availability

HDMI 1.4
Expert Mode

Purpose and Method

This procedure tests for compliance according to HDMI CTS Version 1.4b,
Section 8.6 “Sink — Audio”, Test ID 8-23: “Audio Formats”.

This test verifies if the DUT supports each and every audio format specified
in EDID. For this purpose, any DUT-supported video format can be used.
This video format is generated with three different audio sample rates:

32 kHz, 44.1 kHz and 48 kHz.

The test is considered as passed if the listening test is successful; the test
is considered as failed if any of the sample rates are not supported by the
DUT appropriately (listening test).

Connection Diagram

Refer to Figure 51 on page 116.
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Result Description

ID 8-23: Audio Formats
[Not Compliant]

———-General-——-

Offline Trus

Seftware Versien 1.3.0
Calibration Datz Version Unknown; '1.3.0
Compliant False

Procedure offline; Scftware st

Non-compliance reasonis) Fz=ll/Rize Time Calibraticn

User Hame Unknown User

———-M215EL - HIMI Sig. Gen.————

VI Hode False
Fill up blanking pericds with Hull packets False
Eeep the signsls after test? False
Skip Pattern generaticn Trus

——--8CIC Controller————

SCDC supports Character Error Detections False
Skip Link Training False
Start delay between SCDOC controller and TMDS signal 100 ms
———-Dso——-
Use internzl probe head termination voltzge Trus

pass

pass

pass

pass

Figure 79 Example result for Test ID 8-23: Audio Formats

Result: (Pass/Fail) Pass indicates that the DUT passed this test step
successfully.

Sample Rate: Tested Sample Rate.
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ID 8-24 Interoperability with DVI

Availability
HDMI 1.4
Expert Mode
Purpose and Method

This procedure tests for compliance according to HDMI CTS Version 1.4b,
Section 8.7 “Sink - Interoperability With DVI”, Test ID 8-24:
“Interoperability With DVI”.

Depending on the formats supported by the DUT, a valid video signal with
a resolution of either 720x480p or 720x576p is generated with RGB pixel
encoding, without any Guard Bands or Data Islands.

The test is considered as passed if the sink displays the expected video
image; otherwise, the test is considered as failed.

Connection Diagram

Refer to Figure 51 on page 116.
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Result Description

ID 8-24: Interoperability with DVI

[Not Compliant]
Video Mode: 63: 1920x1080p @ 120 Hz

————CGeneral-—--

Offline True

Seftware Versieon 1.3.0
Calibration Datz Wersion Unknown; 'L.3.0
Compliant False

Procedure offline; Software st

Non-compliznce reasonis) Fall/Dise Time Calibrarien

Video Mode €3: 1520x1080p @ 120 H=z
User Name Unknown User
-——-M81554 - HDMI Sig. Gen.-————

VI Mode False

Fill up blanking pericds with Null packets False

Feep the signals after test? False

Skip Pattern gemneration Trus

———-8CDC Controller—--———

SCDC supports Character Error Detections False
Skip Link Training False
Start delay between SCDC controller and TMDS signal 100 ms
————Dso———

Use internzl probe head termination voltzge Trus

[ Result | Ecrors |

pEss no
Figure 80 Example result for Test ID 8-24: Interoperability with DVI

Result: (Pass/Fail) Pass indicates that the DUT passed this test step
successfully.

Errors: (Yes/No) Output errors detected.
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HDMI Receiver Tests for Sinks

ID 8-25 Deep Color

Availability
HDMI 1.4
Expert Mode
Only video modes below 340 Mcsc
Color depth 30 bit, 36 bit, 48 bit

Purpose and Method

This procedure tests for compliance according to HDMI CTS Version 1.4b,
Section 8.8 “Sink — Advanced Features”, Test ID 8-25: “Deep Color”.

The purpose of this test is to verify that the DUT supports all selected deep
color modes. The test processes all selected deep color modes (as 30 bit,
36 bit and 48 bit) with all supported video formats and checks if the DUT

displays them accordingly.

The test is considered as passed if the DUT displays the expected image;
otherwise, the test is considered as failed.

Connection Diagram

Refer to Figure 51 on page 116.

Keysight N699THPTA HDMI 2.1 Receiver Compliance Test Automation Software — User Guide



HDMI Receiver Tests for Sinks 7

Result Description

ID 8-25: Deep Color
[Not Compliant]

————CGeneral-—--

Offline Trus

Seftware Versieon 2023
Czlibration Datz Wersion Unknown; '1.3.0
Compliant False

Procedure offline; Software st
Fall/Rise Time Calibration

CT3 Revision L.k

User Name Unknown User

Non-compliznce reasonis)

-——-M2155% - HOMI Sig. Gen.———-

VI Mode False
Fill up kblanking pericds with Null packets False
Feep the signals after test? False
Skip Pattern generation Trus

-——-5CDC Controller———-

SCDC supports Character Error Detections False
Skip Link Training False
Start delay between SCDC controller and THDS sigmnal 100 ms
—-——-Dso————

Use internzl probe head termination voltzage Trus

Video Hode

pass 01: £40x420p @ €0 Hz _3€ bit RGE_full range
pass 02: 720x480p @ €0 Hz _3€ biz RGB limited range
pass 01: &40x480p @ €0 Hz _48 bit RGE_full range
pass 02: 720x480p @ €0 Hz _48 biz RGB limited range
pass Test Result

Figure 81 Example result for Test ID 8-25: Deep Color

Result: (Pass/Fail) Pass indicates that the DUT passed this test step
successfully.

Video Mode: Tested Video mode. The final entry, “Test Result”, is for
the entire test.
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HDMI Receiver Tests for Sinks

ID 8-29: 3D Video Format Timing

Availability

HDMI 1.4
Expert Mode only

Purpose and Method

This procedure tests for compliance according to HDMI CTS Version 1.4b,
Section 8.8 “Sink — Advanced Features”, Test ID 8-29: “3D Video Format
Timing”.

This test verifies that the sink DUT supports the required variations on

mandatory 3D video formats and other primary 3D video formats as listed
in the EDID.

The software processes all selected video formats and tests them. The
software generates two video signals for each combination of the
supported video format, 3D mode and pixel clock frequency, with a pixel
clock frequency deviation of either -0.5% or +0.5%.

The test is considered as passed if the DUT displays the image correctly at
each step; otherwise, the test is considered as failed.

Connection Diagram

Refer to Figure 51 on page 116.
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HDMI Receiver Tests for Sinks

ID 8-29: 3D Video Format Timing

[Not Compliant]

————CGeneral-—--
Offline
Seftware Versieon

Czlibration Datz Wersion

Compliant

Non-compliznce reasonis)

User Name

True
1.3.0
Unknown; '1.3.0
False

Procedure cffline;
Fall/Rise Time Calibration

Unknown User

-——-M2155% - HIMI Sig. Gen.———-

VI Mode False
Fill up blanking pericds with Null packets False
Feep the signals after test? False
Skip Pattern generaticn Trus
-———-8CDC Controller—-——-
SCOC supports Character Error Detections False
Skip Link Training False
Start delay between S5CDC controller and THMDS signal 100 ms
————Dso———
Use internzl probe head termination voltzge Trus
Video Mode
pass 32: 1520x1080p @ %4_?Z;_2:Tblt RGB—FEl: rangs FramePacking
(mzx freguency 24.12 Hz)
32: 1520x1080p @ 24 Hz 24 bit RGE full range FramePacking
e (min frequency 23 .86 Hz)
pass 32: 1520x1080p @ 24 Hz _24 biz RGE Jl%_range TopBottom (max
]

pass
pass
pass
pass
pass
pass

pass

Figure 82

frequency Z4.
32: 1520x1080p @ 24 Hz 24 bit REE full range TopBottom (min
frequency 23.8& Hz)
04: 1280x720p @ €0 Hz _24 bit RGE full range Framelacking (max
freguency €0.3 Hz)
04: 1280x720p @ €0 Hz _24 bit RGR full range FramePscking (min
frequency 55.€4 Hz)

05: 1520x1080i @ &0 Hz _24 bit RGB full range SideBySide Hslf
(m=x freguency €0.3 Hz)

05: 1520x1020i @ &0 Hz _24 bit RCGB full range SideBySide Half
imin frequency 55.64 Hz)

04: 1280x720p @ €0 Hz _24 bit RGB full range TopBottom (max

freguency €0.3 Hz)

&0 Hz 24 bit RGE full range TopBottom (min
frequency 55.£4 Hz)

04: 1280x720p @

Example result for Test ID 8-29: 3D Video Format Timing

(just the top of the table)

- Result: (Pass/Fail) Pass indicates that the DUT passed this test step
successfully.

- Video Mode: The tested video mode.
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HDMI Receiver Tests for Sinks

ID 8-30 4K x 2K Video Format Timing

Availability
HDMI 1.4
Expert Mode

Purpose and Method

This procedure tests for compliance according to HDMI CTS Version 1.4b,
Section 8.5 “Sink - Video”, Test ID 8-30: “4K x 2K Video Format Timing”.

This test verifies that DUT supports the selected 4K x 2K video formats.

The software processes all selected HDMI 1.4 4K x 2K video formats (in
CTS defined as HDMI_VIC) and tests them. The software generates two
video signals for each combination of the supported video format and pixel
clock frequency, with a pixel clock frequency deviation of either -0.5% or
+0.5%.

The test is considered as passed if the DUT displays the image correctly at
each step; else, the test is considered as failed.

Connection Diagram

Refer to Figure 51 on page 116.
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Result Description

ID 8-30: 4K x 2k Video Format Timing
[Not Compliant]

-——-CGeneral---—-—

Offline True

Scftware Version 1.3.0
Calibration Datz Versiom Unknown; 'L.3.0
Compliant Falsze

Hon-compliance reasonis)

Fall;
User Name Unknown User

ise Time Calibration

—===ME15EL - HDMI Sig. Gen.----

NI Mode False
Fill up blanking pericds with Null packets False
Feep the signals afzer test? False
Skip Pattern gemneraticon Trus

====8CDC Controller----

SCDC supports Character Error Detections Falsze

Skip Link Training False

Start delay between SCDC controller and THDS signal 100 ms

—-——-Dso————

Use internzl probe head termination voltzage Trus

o Hode
pass 53: 3240x21e0p, Max(24.12 Hz)
pass 53: 3840x21e0p, Min(23_8& Hz)
pass S54: 3840x21€0p, Max(25.125 Hz)
pass 54: 3840x2160p, Min(24.87% Hz)
pass 58: 3840x21e0p, Max(30.15 Hz)
pass 55: 3840x2lel0p, Min(25.82 Hz)
pEss 58: 40%6x2lelp, Max(24.12 Hz)
pass 58: 405é&x2lelp, Min(23.8€& Hz)
=EEE] 55: 405ex2l€0p, Max(25.125 Hz)
pass 55: 4056x2160p, Min(24.575 Hz)
pass 100: 40%ex21&0p, Max(30.15 Hz]
pass 100: 405€x2160p, Min(25.82 Hz)
pass 103: 3840x21&0p, Maxi24.12 Hz)
pass 103: 2B40x21&0p, Mini(23.8& Hz]
pEss 104: 3840x2160p, Max(25.125 Hz)
pass 104: 3840x21elp, Min(24.875 Hz)
paEss 105: 3B840x21e0p, Max(30.15 Hz)
pass 105: 3840x21&0p, Min(25.82 H=z]
pEss Test Resulco

Figure 83 Example result for Test ID 8-30: 4K x 2K Video Format Timing

- Result: (Pass/Fail) Pass indicates that the DUT passed this test step
successfully.

- Video Mode: The tested video mode.
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HDMI Receiver Tests for Sinks

ID 8-31 AVI InfoFrame supporting Extended Colorimetry, Content Type and Selectable YCC
Quantization Range

Availability

HDMI 1.4
Expert Mode

Purpose and Method

This procedure tests for compliance according to HDMI CTS Version 1.4b,
Section 8.8 “Sink — Advanced Features”, Test ID 8-31: “AVI InfoFrame
supporting Extended Colorimetry, Content Type and Selectable YCC
Quantization Range”.

This test verifies that the DUT supports the selected 4K x 2K video formats.

Depending on the combination of supported formats, extended
colorimetry, content type and YCC guantization range settings, the
software generates valid video signals with a resolution of either 720x480p
or 720x576p. Initially, colorimetry video signals are generated. For each
video signal, the software prompts you to check if the sink displays the
expected video image without errors. Subsequently, different content
types are tested, depending on the content types you select.

The test is considered as passed if the DUT displays the expected video
images without any errors; else, the test is considered as failed.

Connection Diagram

Refer to Figure 51 on page 116.
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Result Description

ID 8-31: AVI InfoFrame supporting Extended Colorimetry, Con
[Not Compliant]

-——-General--——

Offline True

Seftware Versien 1.3.0

Czlibration Datz Versiom Unknown; '1.3.0

Compliant False

Nen-compliance reason(s) Prc?gd'_e Cffliﬂ&;_SCft?E:E =t
Fall/Bise Time Calibration

Video Mode E4: 1520x1080p @ 100 Ez

Color Depth 24 bit

Color Space REE full rangs

User Name Unknown User

———-ME1355& - HDMI Sig. Gen.————

VI Mode False
Fill up blanking pericds with Null packets False
Heep the =signzls afzer test? False
Skip Pattern genserst Trus
———-5CI Controller———-—

SCDC supports Character Error Detections False
Skip Link Training Falze
Start delsy between 3CDC controller and THDS signal 100 ms
———-Dso———-

Use internzl probe head termination woltzage Trus

pass Craphics
pEss Bhoto
pass Cinema
pass Game
pass Test Result

Figure 84 Example result for Test ID 8-31: AVI InfoFrame

Result: (Pass/Fail) Pass indicates that the DUT passed this test step
successfully.

Test: Type of content. The final entry, “Test Result”, is for the entire test.
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HDMI Receiver Tests for Sinks

Differential Swing

Availability

Expert Mode only
TMDS Signal
For: Clock Channel, Data Channel, All Channels sep

Purpose and Method

Key

This procedure is an extension of the ID 8-5 Differential Swing test.

As defined in the CTS, the differential swing is set to ‘All TMDS pairs’ in the
“ID 8-5 Differential Swing” test. With this additional test procedure, the
software enables you to test only the clock, only the data or each channel
separately.

In Expert mode, you may use a slider to set differential swing voltage levels
(see Figure 85). If ‘Use Slider Dialog’ is set to ‘True’, the slider dialog is
displayed and if set to ‘False’, only those voltage levels are tested that are
required by the HDMI CTS.

Differential Swing, data and clock

Mowve slider from a 340 mY/

value with no visible E]
picture until the device
recovers a picture. The
value iz applied to the

instrument, if you
release the slider! ]
] L
Differential Swing, data
and clock
.
70 mV
Change swing range
| Abort | Save Result and Exit

Figure 85 Slider dialog for Differential Swing in Expert Mode

The test is considered as passed if the Sink displays a video image without
pixel errors for each step and the minimum voltage level attained is lower
than 150 mV; else, the test is considered as failed.
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Connection Diagram

Refer to Figure 51 on page 116.
Result Description

ID 8-5 D.Swing Clock_3.3 on Clock
[Not Compliant]

———-General-——-

Offline Trus

Seftware Versien 2023
Calibration Datz Version Unknown; '1.3.0
Compliant False

Procedure effline; Seftware st
Calibration Clock-, Swing Calil
Datal+, Swing Calibration Data
Clockt, Swing Calibraticon Data

Non—compliance reasoni(s)

Video Mode e4: 1520x1080p @ 100 EHz
Color Depth 24 bitc

Color Spzce REE full rangs

Use Color Bar pattern Falze

Start Differentizl Swing 170 o

Minimum Differential Swing 70 oW

Differential Swing Step Size 10 mW

Woltage Offset 3.3V

User Name Unknown User

-——-ME81354 - HIMI Sig. Gen.--——-

VI Hode False
Fill up blanking pericds with Null packets False
Feep the signzls after test? False
Skip Pattern generaticn Trus

——--8CIC Controller————

SCDC supports Character Error Detections False
Skip Link Training False
Start delay between SCDOC controller and TMDS signal 100 ms
———-Dso——-
Use internzl probe head termination voltzge Trus
Min Passed| Min Spec Mok Swin
Beoult Channel Diff. Diff. T ; [V]q
Swing [mV]|Swing [mV] ==
LEsS Clock 100 150 1.200
Figure 86 Example result for Differential Swing in Expert Mode

Result: (Pass/Fail) Pass indicates that the DUT passed this test step
successfully.

Channel: The TMDS line where the voltage level is applied.

Min Passed Diff. Swing [mV]: The minimum differential swing when the
DUT passed (separated in each TMDS pair).
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Min Spec Diff. Swing [mV]: The required minimum differential swing
voltage level (optionally defined through user-spec instead of CTS).

Max Swing Test [V]: The maximum applied differential swing voltage
level.
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Sink Inter-Pair Skew

Availability
Expert Mode only
TMDS Signal
Data0, Datal, Data2, Clock

Purpose and Method

This procedure is not part of the standard compliance tests document. The
CTS Version 1.4 does not define an inter-pair skew compliance test for
sink devices. The inter-pair skew test is provided by ValiFrame as an
extension to the compliance tests. In this procedure, either one of the Data
TMDS pairs or the TMDS clock pair is skewed against the residual TMDS
pairs. At each step, the skew is increased until the DUT displays an
erroneous video image. This is followed by smaller steps decreasing the
skew, until the DUT recovers a video image without errors again.

The testis considered as passed if the Sink displays a video image without
pixel errors for each step with a skew greater than or equal to the
inter-pair skew defined in the HDMI specification; otherwise, the test is
considered as failed.

Connection Diagram

Refer to Figure 51 on page 116.

Result Description

Inter Pair Skew Data0

[Not Compliant]

—-—--Ceneral----

Offline Trusa

Software Version 2023
Calibration Data Versiomn Unknown; 'L.3.0
Compliant False

Procedurse offline; Scftware =t

Swing ration Clock-, HF 5

Non-compliznce reasonis) Swing raticn Datal+, EF 5
Calibration, HF Swing Calibrat
Dataz-

Video Mode Sg: 3840x2160p @ 50 Hz

Color Depth 24 bit

Color Space

RGE full rangs

Use Color Bar pattern False
IMDS data to clock ratio 1:40 True
Use serambled video signal Trus
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HDMI Receiver Tests for Sinks

Skewed Channel [Datal,Datzl,Datal or Clock]
Maximum Skew

Initizl Skew Step Size

Skew Step Time

User Name

——--ME155L - HDMI Sig. Gen.————

VI Hode

Fill up blanking pericds with Null packets
Eeep the signals after test?

Skip Pattern gemneraticon

SCDC supports Character Error Detections

Skip Link Training

Start delay between S5CDC controller and THMDS signal

————Dso———
Use internzl probe head termination voltzge

Datal
1 TBit
100 mIBit

Unknown User

False
False
False
True

False
False

100 ms

True

Channel
pass Datal
Figure 87 Example result for Sink Inter-Pair Skew Test

Result: (Pass/Fail) Pass indicates that the DUT passed this test step

successfully.

Channel: The TMDS lane where the skew is applied.
Max Passed Skew [mTBit]: The maximum value of inter-pair skew that

the DUT passed.

Min Failed Skew [mTBit]: The minimum value of inter-pair skew that the

DUT failed.

Max Recovery Skew [mTBit]: The maximum value of inter-pair skew for
which the DUT recovered a video image without errors after a failed

step.

Min Spec Skew [mTBit]: The minimum allowed Inter-Pair Skew as

specified in the HDMI specification.
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Sensitivity to Jitter

Availability
Expert Mode only
HDMI 1.4 and HDMI 2.1 TMDS Signal Generator
For: see Purpose and Method below

Purpose and Method

This procedure is divided into four different variants:

Sensitivity Jitter Injection via Clock—This test measures the ability of a
device to accurately receive valid HDMI signaling with additional jitter
applied to the clock input.

Sensitivity Worst Case Skew for Jitter Tolerance—The purpose of this
test is to find the worst case skew for the jitter tolerance test.

Sensitivity Data Jitter—Sink sensitivity test for jitter on data. This test
measures the ability of a device to accurately receive valid HDMI
signaling with additional jitter applied to the inputs.

Sensitivity Clock Jitter—Sink sensitivity test for jitter on clock. This test
measures the ability of a device to accurately receive valid HDMI
signaling with additional jitter applied to the inputs.

For the Jitter Injection via Clock test, the ‘Inject 2 Frequencies Jitter on
Clock’ dialog as shown in Figure 88 sets the data and clock jitter values.

Inject 2 Frequencies Jitter on Clock

Data
Amplitude: | 300 mTBit

Frequency: | 500 kHz

Clock
Amplitude: | 300 mTBit

Frequency: |10 MHz

Clse

Figure 88 Parameter Setup dialog in Sensitivity Jitter Injection via Clock test
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HDMI Receiver Tests for Sinks

For the other sensitivity tests, the ‘Parameter Setup Dialog’ as shown in
Figure 89 sets the desired differential swing and transition time converter
values. When you click the “Set” button, a valid HDMI video signal is
generated. In each step of the procedures, periodic jitter values are
increased at different frequencies and are applied to the video signal.

Parameter Setup Dialog

Transition Time Converter 60 ps

Differential Swing 800 mV

=

Figure 89 Parameter Setup Dialog in Sensitivity Jitter test

Connection Diagram

Refer to Figure 51 on page 116.

Result Description

Sensitivity Jitter Injection via Clock
[Not Compliant]

Sensitivity Jitter via Clock

-——-CGeneral---—-—

Offline True

Seftware Versiom 2023.12_4.1858 Internallnstall

Czlibration Datz Wersion Unknown; 'l.3.0.% RC

Compliant False
Procedure offline; Scftware st
Swing libr. n Clock-, EF 8

Hon-compliance reasonis) Swing Calibration Datal+, EF 8
Calibration, HF Swing Calibrat
Datal-

Video Mods S5¢€: 3840x21eDp @ 50 H=

Color Depth 24 bit

Coloxr Space AGE full rangs

Use Color Bar pattern Falsze

Czble Emulztox HOMI 2 0 NO SKEW

TMDS datza to clock ratio 1:40 Trus

Use serambled video signal Trus

User Name Unknown User
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———-ME1554 - HDMI Sig. Gen.-————

VI Mode False
Fill up kblanking pericds with Null packets False
Feep the zignals after tast? Falsze
Skip Pattern generaticn Trus

-———-8CDC Controller—-——-

SCOC supports Character Error Detections False
Skip Link Training False
Start delay between SCDC controller and TMDS signal 100 ms

—=—==Dsg---=

Use internzl probe head termination voltzge Trus

Data Jitter | Data Jitter |Clock Jitter|Clock Jitter
RBeoult Amplitude Frequency Mmplitude Frequency
[TBit] [MEHz] [TBit] [MH=]
10.000

pass 0.300 0.500 0.300
Figure 90 Example result for Sensitivity Jitter Injection via Clock Test

Result: (Pass/Fail) Pass indicates that the DUT passed this test step
successfully.

Data Jitter Amplitude [TBit]: The amplitude of the jitter applied to the
data.

Data Jitter Frequency [MHz]: The frequency of the jitter applied to the
data.

Clock Jitter Amplitude [TBit]: The amplitude of the jitter applied to the
clock.

Clock Jitter Frequency [MHz]: The frequency of the jitter applied to the
clock.
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HF: Intra-Pair Skew

Availability
Expert Mode only
HDMI 2.1 TMDS Signal
Data0, Datal, Data2, Clock Channel
Viem =2.8,3.3V

Purpose and Method

This test is run for the characterization of the DUT. It is based on HDMI
Sink CTS Version 2.1i, Section 5.1.1.1 “Sink TMDS ElLectrical 6G Tests”,
HF2-2: “Sink TMDS Electrical - 6G - Intra-Pair Skew” and “HF2-2
Keysight MOI v1.0¢” but deviates from the test method described in the
document. Therefore, the result cannot be considered for compliance
validation.

In this procedure, an additional generator is used and the setup is changed
in such a manner that the required intra-pair skew value is applied without
adding delay lines.

The generated clock is not compliant according to the “HF2-2: Sink TMDS
Electrical - 6G - Intra Pair Skew” test. However, this method may be used
for quick characterization of intra-pair skew, since the clock might have
less impact on the result of intra-pair skew on TMDS Data.

Connection Diagram

Refer to Figure 51 on page 116.
Result Description

HF: Intra-Pair Skew Data0 2.8 Vicm
[Not Compliant]

202

———-General-——-

Offline Trus

Seftware Versien 2023
Calibration Datz Version Unknown; '1.3.0
Compliant False

Hon-compliance reason(s)

Procedure effline; Seftware st
Fall/Rise Time Calibration

Wideo Mode 56: 3840m21e0p @ 50 Hz
Color Depth 24 bitc

Color Spzce REE full rangs

Use Color Bar pattern Falze

Czble Emulzatoxr

HOMI 2 0 HO SEEW
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IMDS data te clock ratio 1:40

Use scrambled wideo sigmal

Minimum Skew

Maximum Skew

Skew Step Size

User Name

-——-M21554 - HIMI Sig. Gen.————

VI Hode

Fill up blanking pericds with Null packets
Feep the signzls after test?

Skip Pattern generaticn

——--8CIC Controller————

SCDC supports Character Error Detections
Skip Link Training

Start delay between SCOC controller and TMDS signal
———-Dso——-

Use internzl probe head termination voltzge

Trus
Trus
—-€55 mIBit
€55 mTBis
100 mIBit

Unknown User

False
False
Falsge
Trus

False
False

100 ms

Trus

Figure 91 Example result for HF Intra-Pair Skew Test

Result: (Pass/Fail) Pass indicates that the DUT passed this test step

successfully.

Channel: The TMDS line where the intra-pair skew is applied.

Max Passed Skew [mTBit]: The maximum value of intra-pair skew for

which the DUT passed.

Min Failed Skew [mTBit]: The minimum value of intra-pair skew for

which the DUT failed.

Max Recovery Skew [mTBit]: The maximum value of intra-pair skew for

which the DUT recovered an error-ridden video image after a failed

step.

Spec. Skew [MTBit]: Required minimum skew as defined in the CTS.
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HDMI Receiver Tests for Sinks

Generic Video Format Timing

Availability

Expert Mode only
TMDS Signal

Purpose and Method

This procedure is not part of the standard compliance tests document.
This test is an extension to all the other Sink Video Format Timing tests.
With this procedure, you are allowed to test any Video Format, Color
Depth, Color Space and 3D mode using user-defined frame-rate
deviations. You may use this procedure either to characterize or to debug
a DUT.

For the given video format and frequency combination, two video signals
are generated. The first signal includes a pixel clock frequency deviation as
defined in “Positive Framerate deviation” and the second signal includes a
pixel clock frequency deviation as defined in “Negative Framerate
deviation”.

The test is considered as passed if the Sink displays the expected video
image at both deviations; else, the test is considered as failed.

Connection Diagram

Refer to Figure 51 on page 116.
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Result Description

Generic Video Format Timing

[Not Compliant]

————CGeneral-—--

Offline

Seftware Versieon
Calibration Datz Versiom
Compliant

Non-compliance reasoni(s)

Video Mode
Color Depth
Color Space

HDMI Receiver Tests for Sinks

True

2023

Unknowrn; '1.3.0

False

Procedure offline; Scftware
Fall/Bise Time Calibration
S5g: 3840x21e0p @ 50 Hz

24 bit

AGE full rangs

3]

Use Color Bar pattern Trus
30 mode 2D
Negetive Framerste dewviaticn 0.5 %
Positive Framerate deviation 0.5 %
Use scrambled wvideo signal False
IMDS data te clock ratio 1:40 False
User Name Unknown User
——--ME155L - HDMI Sig. Gen.————

VI Hode False
Fill up blanking pericds with Null packets False
Eeep the signals after test? False
Skip Pattern gemneraticon Trus
————5CDC Controller—--——-—

SCDC supports Character Error Detections False
Skip Link Training False
Start delay between 5COC controller and THOS signal 100 ms
—-——-Dso————

Use internal probe head termination voltzage Trus

Reoult Video Mode
Testing wideo mode: 5&: 3840x21elp B 50 Hz, Color Space:
pass REB_full range, Color Depth: _24 bit, 30 mode: _20 at frame
rate: 5J.25 (Hzx:)

Testing wideo mode: 56: 3840x21€0p @ 50 Hz, Color Space:

pass BGB full range, Color Depth: 24 bit, 30 mode: 30 at frame
rate: 45.75 (Min)
pass Test Result
Figure 92 Example result for Generic Video Format Timing Test

- Result: (Pass/Fail) Pass indicates that the DUT passed this test step
successfully.

- Video Mode: The tested video mode. The final entry, “Test Result”, is for
the entire test.

Keysight N6991THPTA HDMI 2.1 Receiver Compliance Test Automation Software — User Guide 205



7 HDMI Receiver Tests for Sinks

Additional HDMI 2.1 FRL Signal Sink Tests in Expert Mode

The tests described in this section are available only in Expert Mode and
are intended for custom characterization and debugging of FRL signal sink
DUTs.

Differential Swing Tolerance

Availability

Expert Mode only
HDMI 2.1 FRL Signal
Perform test at the minimum and maximum supported FRL data rates

Purpose and Method

This procedure tests for compliance according to HDMI Sink CTS

Version 2.7i, Section 5.2.1.1 “Sink FRL Electrical Tests”, HFR2-1: “Sink FRL
Electrical - Min/Max Differential Swing Tolerance” and “HFR2-1 Keysight
MOI v1.0d”.

An FRL Gap character pattern (that is, RXSB33PAT, as defined in the CTS)
is generated with calibrated voltage levels and without any jitter applied.
HFR2-1 Differential Swing Tolerance on page 155 can be performed to
find the maximum swing values, whereas the Expert Mode test described
here is used to find the minimum swing value.

In Expert mode, the procedure can be used for the characterization of the
DUT by changing the “Start Differential Swing” value and the step size. In
this case, the differential swing voltage level is decreased from the start
value until the DUT fails to support the signal without errors.

This test must be conducted for the highest and lowest supported data
rates.

Connection Diagram

Refer to Figure 51 on page 116.
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Result Description

HFR2-1 3Gbps Min Differential Swing Tolerance
[Not Compliant]

—--—General-—--

Offline True
Scftware Version 2023
Calibration Data Version Unknown
Compliant False

Procedure offline; Software status
LaneZ+ FrllLinkRate 3Gbps_ThreeLane,
Calibration Lane(+ FrllLinkRate 3Gbg
Calibration Lanel-_ FrllinkRate 3Ghp
Lanel+ FrllinkRate 3Gbps_Threelane,
Lane2-_FrllinkRate 3Cbps_ThreelLanes

Hon—compliance reason(s)

Video Mode FRLO {3 Lanes} : RESB3I3PRT @ 3 G3i1

Start Differentizl Swing 170 o7

Minimam ferentizl Swing 100 o=

Differentizl Swing Step Size 10 mir

WVoltage Offset -
Pattern on Lane 0 LIPE - LFSRO 405& FRL Characters
Pattern on Lane 1 LTPe — LFSR1 405¢& FRL Characters
Pattern on Lane 2 LTP? - LFSRZ 405¢& FRL Characters

Unknown User

——--M215E5R - HIMI Sig. Gen.-———-

OVI Mode False
Fill up blanking pericds with Null packsts Fzlze
Eeep the signals after test? False
Skip Pattern generaticon Trus

———-5CDC Controller———-—

SCDC supports Character Error Detections Fzl=e
Skip Link Training False
Start delay betwsen SCDC controller and THDS signal 100 ms
———-Dso——-—-
Use internal probe head termination wvoltage True
q FEL ~ lati o Total Total Bits
Reounlt Trﬁ;n¥ Start BER [ ] LI‘E!IJ::J:E:J-[‘;E ItEIE[.;.’..‘I.uI:I.E- Meaourement. Drocecged
ning Interwval [s] [1
pass T A 100 Trus Trus 0.000E+000 0 10 111.1000 1.045E+012

Figure 93 Example result for Differential Swing Tolerance (min swing)

Result: (Pass/Fail) Pass indicates that the DUT passed this test step
successfully.

Vicm: The common mode voltage Level.

Passed Diff. Swing [mV]: The minimum differential swing when the DUT
passed (separated for each FRL pair).

Link Training: Value is ‘True’ if link training is successful.
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FRL Start: Value is ‘True’ if the “FRL_Start” flag is set true (1) in the DUT
after link training is performed.

BER: Measured Bit Error Ratio.

Cumulative Errors: Number of errors in all lanes during the BER test.
lterations: Number of iterations into which the BER measurement is
divided.

Total Measurement Interval [s]: The duration of the BER test in seconds.
Total Bits Processed: The number of bits processed during the BER test.
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FRL Error Pattern Check

Availability
Expert Mode only
HDMI 2.1 FRL Signal
Perform test at the minimum and maximum supported FRL data rates

Purpose and Method

This test checks the ability of a device to detect the errors in an FRL input
signal.

An FRL signal is generated with calibrated voltage levels and without jitter
applied. The V), is set to 3.135 V and the differential swing voltage is set
to1V.

Thereafter, link training is performed between the Sink DUT and the FRL
Signal Generator for the selected FRL rate. If the link training passes, the
FRL test patterns are applied without errors initially, followed by patterns
with a single disparity error. The software performs a BER test for each
case. In the latter scenario, the number of cumulative errors should be
greater than zero. This process is repeated as many times as defined in the
“Number of Steps” parameter.

This test must be conducted for the highest and the lowest supported data
rates.

Connection Diagram

Refer to Figure 51 on page 116.
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HDMI Receiver Tests for Sinks

Result Description

FEL Pattern

REEES3DAT

pass Errar Pattern
w*% FRIL o .

s BXEE33DAT

pass Error Pattern
w*% FRIL .

en REEES3DAT

pass Errar Pattern

FRL Error Injection 3Gbps
[Not Compliant]

—--—General-—--

Offline

Scftware Version
Calibration Data Version

Compliant
HNon-complisnce reason(s)

Video Mode
Cable E

Enable Crosstalk

lator

Humber of Steps

Starting Pattern on Lane

Starting Pattern on Lane

(SIS

Starting Pattern on Lane
User Name

——--M2155R - HDMI S5ig. Gen.———-
VI Mode

Fill wp blanking periecds with Null packets

Eeep the signals afiter test?
Skip Pattern gensration

——--5CDC Controller———-—

SCDC supports Character Error Detections

Skip Link Training

Start delay between SCDC controller and THMDS signal

———-Dso——-—-

Use internal probe head termination wvoltage

Link Cumulative | Iterations | Measurement

m Errnrs [] hnemal [
True Tue 0. 000E+000 Q 10 111.1000
True True 3.E659E-010 121356 10 111.1000
True True 0. 000E+000 Q 10 111.1000
True True 3.E661E-010 122006 10 111.1000
True True 0. 000E+000 Q 10 111.1000
True True 3.E62E-010 122056 10 111.1000
Figure 94 Example result for FRL Error Pattern Check

True

2023

Unknown
False
Procedure of i Scftware status
LaneZ+ FrllinkRate 3Gbps_Threelane,
Calibration, FRL Swing Ceslibration
— FrllinkRate 3Gbps ThreeLlane,
- FrllinkRate 3Cbps ThreeLane,
- FrllinkRate 32Cbps ThreeLane,
{3 Lanes} : R¥SB33PAT @ 3 GBit

LIPE - LFSRO 405& FRL Characters
LIPE - LEFSR1 405& FRL Characters
LTIP? - LFSR2 405& FRL Characters

Unknown User

False
False
False
True

False
False

100 ms

Trus

Bits

=) Procesaed
[1]

1.045E+012

1_045E+012

1_045E+D12

1_045E+D12

1.045E+012

1_045E+012

- Result: (Pass/Fail) Pass indicates that the DUT passed this test step
successfully.

- FRL Pattern: The pattern applied to the FRL lanes for the BER test.
- Link Training: Value is ‘True’ if link training is successful.
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FRL Start: Value is ‘True’ if the “FRL_Start” flag is set true (1) in the DUT
after link training is performed.

BER: Measured Bit Error Ratio.

Cumulative Errors: Total number of errors in all the iterations of the BER
test.

[terations: Number of iterations into which the BER measurement is
divided.

Measurement Interval: The total duration of the BER test in seconds.
Bits Processed: The total number of bits processed during the BER test.
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Jitter Characterization Test

Availability

Expert Mode only
HDMI 2.1 FRL Signal
Perform test at the maximum supported FRL data rate

Purpose and Method

The purpose of this procedure is to search for the maximum sinusoidal
jitter that the Sink DUT can tolerate at a specific frequency.

For that, the data generator sets the sinusoidal jitter amplitude to “Start
SJ pk-pk” and increases that value in steps of 100 mUI until the BER test
fails. Then a binary search algorithm is used between the last point that
passes and the first paint that fails. When the BER test passes it goes
forward and when the test fails it goes down. At each step, the step size is
reduced until the target resolution is reached.

This test can be conducted for the highest and lowest supported data
rates.

Connection Diagram

Refer to Figure 51 on page 116.
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pass
pass
pEss
pass
pass
pass
pass
pass
pass

pass

Result Description

HDMI Receiver Tests for Sinks 7

FRL Jitter Characterization 3Gbps @66.66 MHz

[Not Compliant]

—--—General-—--

Offline

Scftware Version
Calibration Daztz Version

Compliant

NHon—compliance reasoni(s)

Video Mode

on Lane

on Lane

(SIS

Starting Pattern on Lane
Start 5J pk-pk

RJ pk—pk

PCE loss 4B

5J Frequency

Enable Crosstalk

User Name

——--M215E5R - HDMI Sig. Gen.-——-

True
2023
Unknown
False

Procedure effline;

Software status

LaneZ+ FrlLinkRate 3Gbps_Threelans,
Celibration, FRL Swing Czlibration

FRLC {3 Lanes)
HOMI 2 1 WCM3

LIPS - LESRO 4036
LTIP& - LFSR1 405¢ F
LTE7 - LEFSRZ 4058

100 =0T
100 mOI

1 dB
EE_EE MH=z
True

Unknown User

- FrllinkRate_ 3Cbps Threelane,
- FrllinkRate 3Gbps_Threelans,
-~ FrllinkRate 3Gbps_Threelans,

© RMEB33FRT @ 3 G3i1

FRL Characters

Total Bits
Procesgsed

R R R N S A R =]

OIVI Mode False

Fill up blanking pericds with Null packsts Fzlze

Eeep the signals after test? False

Skip Pattern generaticon Trus

——--5CDC Controller———-—

SCDC supports Character Error Detections False

Skip Link Training False

Start delay betwsen SCDC controller and THDS signal 100 ms

———-Dso——-—-

Use internal probe head termination wvoltage Trus

B e Training ey i:u:::.\l:;il:ule I““—r-?‘]"i"nﬂ Ma;‘;;:nnr.

[m0I] Interwal [s]
100 True True 0. 000E+D0OD a 10 111.1000
200 True True 0.000E+D00D 1] 10 111_1000
300 True Trus 0.000E+000 a 10 1111000
400 True True 0.000E+D00D 1] 10 111_1000
500 True True 0.000E+D0D [1] 10 111.1000
200 True True 0.000E+D00D 1] 10 111_1000
700 True True 0.000E+D0D [1] 10
200 True True 0.000E+D00 a 10 1111000
500 True True 0.000E+D0D [1] 10 111.1000
1000 True True 0.000E+D00 a 10 1111000

Figure 95 Example result for Jitter Characterization Test
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7 HDMI Receiver Tests for Sinks

Result: (Pass/fail) Pass indicates that the DUT passed this test step
successfully.

SJ Amplitude [mUI]: The SJ amplitude added to the signal in this step.
Link Training: True if the link training was successful.

FRL Start: True if the FRL_start flag is set to True (1) in the DUT after
link training.

BER: Measured Bit Error Ratio.

Cumulative Errors: Total number of errors in the BER test.

[terations: Number of iterations into which the BER measurement is
divided.

Total Measurement Interval [s]: The duration of the BER test in seconds.
Total Bits Processed: The number of bits processed during the BER test.
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Keysight N599THPTA HDMI 2.1 Receiver Compliance
Test Automation Software

User Guide

HDMI Recelver Tests
for Cables

Overview / 216

Tests for Category 1 and 2 Cables / 217
Tests for Category 3 (FRL) Cables / 222
Cable Tests in Expert Mode / 234

Once the HDMI PHY Test Station has been calibrated, receiver test
procedures can be run. The tests described in this chapter are for cable
DUTs, most of which are required for compliance. The test described in the
final section is available only in expert mode and is intended for custom
characterization and debugging of cable DUTs.



8 HDMI Receiver Tests - Compliance

Overview

216

HDMI cable electrical compliance testing is conducted by applying a
stressed signal and measuring the output with a digital oscilloscope.

There are two test cases that are covered by compliance testing for
Category 1 and Category 2 cables:
Cable Eye Mask Measurement
Cable Inter-Pair Skew Measurement
These are performed only for 74.25 MHz, 165 MHz and 340 MHz data
rates.
For Category 3 cables, there are four test cases for compliance testing:
DC Power Test
Cable Eye Diagram
Inter-Pair Skew
Mode Conversion

whereby the latter two are available only for Active Cables.

ValiFrame automatically determines which tests are required according to
the Cable Category. Additionally, whether it is an Active Cable (check box
in Configure Product dialog) plays a role.
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Tests for Category 1 and 2 Cables

ID 5-3 Cable Eye Mask Measurement

Availability
HDMI 1.4 and HDMI 2.1 TMDS Signal
Category 1, Category 2 cables
Compliance Mode, Expert Mode
Data0, Datal, Data2, Clock

Purpose and Method

This procedure tests for compliance according to HDMI CTS Version 1.4b,
Section 5.2 “Cable - Electrical: Performance Tests”, Test ID 5-3: “TMDS
Data Eye Diagram”.

Depending on the cable category, a video signal with a data rate of
74.25 MHz (Cat1) or 165 MHz and 340 MHz (Cat2) is generated and jitter
applied.

The test is considered as passed when the cable assembly outputs a
compliant data eye; else, the test is considered as failed.
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8 HDMI Receiver Tests - Compliance

Connection Diagram

The oscilloscope must be connected according to the data lane being
tested.

(:h:n:k+

; Eo S e ——
| om— Cable

Figure 96 Example connection diagram for Test ID 5-3 Cable Eye Mask
Measurement.Two-channel scope connection
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Result Description

5-3 Cbl. Eye at 165 MHz DO

[Not Compliant]

HDMI Receiver Tests - Compliance 8

Test 5-2 Cable Data Eye for Cable Category Cat_2 Jitter only on Clock

——==Ceneral----

Offline

Software Versiocn
Calibration Data Versiomn

Compliant

Non-compliance reasonis)

CIS Revision

Wideo Mode

Color Depth

Color Space

Use Color Bar pattern
Differential Swing

Czble Category

True

2023

Unknown; "1.3.0

False

Procedure offlins; Softwars stztus unr
Datalt, Swing Calibration DataZ+, Swin
1280x1024plllH=z24, Swing Calibratiom C
unknown,/ d: Skew Calibratiom,
Clock-, Swing Calibration Datal-, Swin
1.4b

138: 1280x1024p & 111 Hz

24 bit

wrelease

REE limited rangs
False
00 =W

Category 2 (Home)

Mask Mowement Type Find Pass
Check worst case eys manuslly False
Measure current on HPD +5W_Power False

User Name Unknown User

—===ME135% - HDMI Sig. Gen.----

Fill up blanking pericds with Null packets False
Feep the signzls after test? False
Skip Pattern generaticn True
—-——-Dso———-

Use internal probe head termination wvoltage True

Data
hesult Data Jitter BEmplitude Jitter
Frequency
[MH=1
Cass 0.150 0.5
Figure 97 Example result for Test ID 5-3: Cable Eye Mask Measurement

Result: (Pass/Fail) Pass indicates that the DUT passed this test step
successfully.

Data Jitter Amplitude [TBit]: Injected data jitter amplitude.
Data Jitter Frequency [MHz]: Frequency of the data jitter.
Mask Violations: Number of waveforms violating the eye mask.
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ID 5-5 Cable Inter-Pair Skew Measurement

Availability
HDMI 1.4 and HDMI 2.1 TMDS Signal
Category 1, Category 2 cables

Expert Mode; for Active Cables also Compliance Mode
Data0, Datal, Data?

Purpose and Method

This procedure tests for compliance according to HDMI CTS Version 1.4b,
Section 5.3 “Cable - Electrical: Parametric Tests”, Test ID 5-5: “Inter-Pair
Skew”.

Depending on the cable category, a video signal with a data rate of
74.25 MHz, 165 MHz or 340 MHz is generated and jitter applied. The skew
between all TMDS data pairs is measured.

The test is considered as passed if the cable inter-pair skew is less than or
equal to that specified in the CTS; else, the test is considered as failed.

Connection Diagram

The oscilloscope must be connected according to the inter-pair skew
being tested.

- - 4 |- +
Clock Data0 Datal Data2

£ : %m’m ' i PA-R \

Figure 98 Example connection diagram for Test ID 5-3 Cable Inter-Pair Skew
Measurement
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Result Description

5-5 Cable Inter-Pair D1-D2

[Not Compliant]
Test 5-5 Cable Inter-Pair Skew for Cat_2 Cable Data 1 - Data 2

————CGeneral-—--

Offline True

Seftware Versieon 2023
Calibration Datz Wersion Unknown; "1.3.0
Compliant False

Procedure offline; Scftware status

Non-compliance reasonis) Time Calibration

CT3 Revision
Video Mode
Color Depth
Coloxr Space

1.4b

138: 1280x1024p @ 222.5 Ez
24 bit

RCE limited rangs

Use Color Bar pattern False
Differential Swing 800 oV

Cable Category Category 2 (Homel
Measurement Threshold awv

Hysteresis 10 oW

Maximum Tries 3

Additicnzl Sync Pattern Hone

Edditicnal Guard Band Pattern None

Inter-Fsir Skew Trigger Length 20 Bits

User Name Unknown User

Czbles Egualizer Em Cable Equalizer

———-ME15EL - HDMI Sig. Gan.-————

Fill up blanking pericds with Null packets Fzlse
Feep the signals afzer test? Fzalse
Skip Pattern genersticn True
—-——-Dso————

Use internal probe head termination voltzage True

R S
[n=] [n=]
pass 0.00 1.78
Figure 99 Example result for Test ID 5-5: Cable Inter-Pair Skew Measurement

Result: (Pass/Fail) Pass indicates that the DUT passed this test step
successfully.

Cable Skew [ns]: Measured inter-pair skew.

unr

Max. Spec. [ns]: Maximum skew as defined in the HDMI specification.
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HDMI Receiver Tests - Compliance

Tests for Category 3 (FRL) Cables

222

HFR7-1 DC Power T

Availability

est

HDMI 2.1 FRL Signal
Category 3 cables
Compliance Mode, Expert Mode

Purpose and Method

Keysi

This procedure tests for compliance according to HDMI Generic CTS
Version 2.1c for Cat 3 Cables, Section 7.1 “FRL Data Lane Parametric
Electrical Tests”, HFR 7-1: “DC Power Test”. This test confirms that a cable
assembly can supply at least 50 mA on the +5 V Power Pin to a sink while
not requiring more than 55 mA input.

With the sink powered off, the source-side power supply must be set to
5.3 V and the current drawn at the sink side to 50 mA. Then the voltage
and the current of the cable must be measured. This is repeated with the
source-side power supply set to 4.8 V.

With the sink powered on, the source-side power supply must be set to

5.3 V and the current drawn at the sink side to 10 mA. Then the Vhpd, the
voltage and the current of the cable, and the Vpk-pk of each lane must be
measured. This is repeated with the source-side power supply set to 4.8 V.

If the measured cable voltage is between 4.7 and 5.3 V and the measured
current is below 55 mA, the test is passed; otherwise, the test is failed.
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Connection Diagram

Data0 Dltlf

TPA Connector TPA Connector
HPD 5V DOC DA SCL MPD «LV DOC SDA SCL
nnmmpmon nomnmnn
p—
Source Emulator SCDC Emulator
HPD 5V DOC SDA SOL ':_:m-vo-wmcmm
SEyps ek,
| I |
| —
Voltmeter 2 Ammeter Power Supply Active Load Voltmeter 1
+ GO + GND + GHD + Gx0 + GND
1an LaE an —an nn
L 1} I_l——J I

Figure 100 Example connection diagram for Cable DC Power Test (Sink Condition:
PoweredOff)
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s + + \_____‘_‘\
Datad Datad Datai Data2 i
B fi
K
PA-R PA-R |
Cable =
TPA Connector TPA Connector
HPD +SV DOC SDA SCL HPD +5V DDC SDA SCL
nmmmnn npmmon
——— | | | = [ Ee——
Source Emulator SCDC Emulator
MPD 5V DDC SDA SO T:mm’l) +5V DOC SDA sC1
mmnnn e mAnmN
= | | |
| ——
Voltmeter 2 Ammeter Power Supply Active Load Voltmeter 1
+ GNO 4 GHD + GND + GNO 4+ GND
‘@an o e an —an nn
L J s | |
Figure 101 Example connection diagram for Cable DC Power Test (Sink Condition:

PoweredOn)
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Result Description

HFR7-1 DC Power Test

[Not Compliant]

———-General-——-

Offline

Seftware Versien
Calibration Datz Version

Compliant
Non-compliance reasonis)

gCTS Rewvisicon
MOI Revision
Cable Emulator
Enable Crosstalk
Dext reguired
V_drop TEL
V_drop TE2

User Name

Czble Egualizer

—===ME135% - HDMI Sig. Gen.----

Fill up blanking pericds with Null packets
Feep the signzls after test?

Skip Pattern genersticn

———-Dso——-

Use internzl probe head termination voltzge

HDMI Receiver Tests - Compliance 8

True
2023
Unknown
False

Procedure offline; Software status unre
Lanel+ FrilinkRate 12Cbps Fourlane, EFRI
Calibration Laned+ FrilinkRate 14Cbp= I
Lanel-_FrilLinkRate 12Cbps FourLane, FRI

Calibration Lane2- FrllinkRate : 12Cbps |
Calibration Lane(+

1LinkRate l12ZEbps [
Swing Cezlikbration Lanel+ FrllinkRate 1:
2.1n

wld

None

False

False

300 oW

v

Unknown User

Off

False
False

True

True

-k
Q00

pass DowereddffSink Fass N/R
pEss PoweredDEffSink Jloo 5.000 Fass E0.000 = N/R
pass PowsredinSink 5._3&0 5.000 Fass 50.000 5.000 sV, 5$} 5 V.
pEss PoweredinSink -BEeD 5.000 - 50.000 - =5 '1 ‘L‘ 5 W,

Figure 102 Example result for HFR7-1: DC Power Test

Result: (pass/fail) Result is pass if the cable complies with the
conditions given in the CTS, otherwise fail.

Sink Condition: Either Powered Off or Powered On.
Voutput [V]: The set output voltage of the power supply.

Vcable [V]: The measured output voltage of the cable under test.
Read EDID: Pass if it was possible to read the EDID.
Current [mA]: The current from the power supply.
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Vhpd [V]: HPD voltage at the source side of the cable. Not applicable
for the powered-off state.

Vpk [LO; LT; L2; L3]: Measured peak voltage of each lane. Not
applicable for the powered-off state.
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HFR7-21 Cable Eye Diagram

Availability

HDMI Receiver Tests - Compliance

HDMI 2.1 FRL Signal
Category 3 cables
Compliance Mode, Expert Mode

Purpose and Method

This procedure tests for compliance according to the HDMI Generic CTS
Version 2.7h for Cat_3 Cables, Section 7.4 “Eye Diagram Tests”, HFR7-21:
“Cable Eye Diagram”. It verifies that the cable meets the eye diagram
requirements defined in the spec.

It is performed for 12 Gbps FRL data rate and for all lanes. The pattern
applied to each FRL lane of the DUT cable is: LTP5, LTP6, LTP7 and LTPS,
respectively. The jitter settings are set to the worst case.

When the cable assembly outputs a compliant eye diagram, the test is
passed; otherwise, the test is failed.

Connection Diagram

The oscilloscope must be connected according to the lane being tested
and the unused lanes must be terminated.

Datad

1.
Datal

*%\

T SHEE
i [ |
i i K

|
8 A a8

_%TPA-Rﬁ“SPﬁ%—R%

Figure 103 Example connection diagram for HFR7-21: Cable Eye Diagram
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Result Description

3.135 &0._000

pass

HFR7-21 Data Eye - FriLane3

[Not Compliant]

—-—--Ceneral----

Offline

Software Version
Calibration Datz Versiom

Compliant

Non-compliznce reasonis)

gCTS Revisicn

MOI Revision
FRLTurnOnInterpolation
Start CILE (dB]

User Name

———-ME1554 - HDMI Sig. Gen.-————

True

2023

Unknown; "2023

False

Procedure offline; Scftware status unr
LaneZ+ FrilinkRate 12Gbps_Fourlane, EFR
Calibration Laned+ FrllinkRate 12Chps
L2; Reguired cal offline: Skew Calibra
Swing Calibration Lanel-_ FrilinkRate_ 1
Cable Swing Calibration Laned- Frllink
Calibration, FRL Cable Swing Cslibrati
Lane(-_ FrilinkRate 12Cbps Fourlane, ER
Calibration Laned- FrllinkRate 12Ghbps_
2.1h

vld

oy

1

Unknown User

Fill up kblanking pericds with Null packets False
Feep the zignals after tast? False
Skip Pattern generaticn True
—-——-Dso————

Use internal probe head termination voltzage True

Frllane3

1.000

S500.000 0.000

Figure 104 Example result for HFR7-21: Cable Eye Diagram

Result: (pass/fail) Pass means the eye is within the spec.

AVcc [V]: The AVce voltage set on the DC power supply.

Lane: The lane measured (0, 1, 2, or 3).

Eye Width [ps]: The eye width measured for the tested lane.

Eye Height [mV]: The eye height measured for the tested lane.

Mask Failures: Number of times that the cable eye violates the

compliance mask.

CTLE [dB]: The applied CTLE.
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HFR7-22 Inter-Pair Skew

Availability

HDMI 2.1 FRL Signal

Category 3 cables

Compliance Mode, Expert Mode
Only for Active Cables

Purpose and Method

This procedure tests for compliance according to HDMI Generic CTS

Version 2.1h, Section 7.5 “Active Cable

Assembly Electrical Tests”,

HFR7-22: “Inter-Pair Skew”. This test measures the difference in time
between any two FRL data lanes of an active cable.

In compliance mode the FRL data rates tested are 3 Gbps, 6 Gbps and
12 Gbps. The patterns applied to the FRL lanes of the DUT cable are LTP5,
LTP6, LTP7 and LTP8 for Lanes 0, 1, 2 and 3, respectively.

If the measured skew does not exceed 500 ps, the test is passed;

otherwise, the test is failed.

Connection Diagram

Refer to Figure 103 on page 227. The connection diagram is the same as
for HFR7-21 Cable Eye Diagram. You will be required to reconnect during
the test when prompted by a new connection diagram appearing in the

app.

Result Description

HFR7-22 Inter-Pair Skew - 3 GBit/s

[Not Campliant]

-——-CGeneral---—-—

Offline

Seftware Versiom
Czlibration Datz Wersion
Compliant

Non-compliance reasoni(s)

gCTS Revisicon
MOI Revision
Skew Offset
User Name
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2023

Unknown

False

Procedure offline; Software status unr
Lane2+ FrilinkRate 3ICbps_Threelans, ER
Skew Czlibration, FRL Cable Swing Csli
Lane(-_ FrilinkRate 3Gbps_Threelane, FR
Lane(+ FrilinkRate 3Cbps_ Threelane, ER
Calibration Lanel- FrllinkRate 3Gbps_T
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4 TBit

Unknown User
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———-ME15EL - HDMI Sig. Gan.-————

Fill up blanking pericds with Null packets Fzalse
Eeep the signals after test? False
Skip Pattern gemneraticon True
—=—==Dsg---=
Use internzl probe head termination voltzge True
C er— d 5 d 5
!ddgi Inter Messured Skew | Measured Skew Measured Skew | Measured Skew
Dair Skew with offset with offset [mTBit] Ips]
offset [IBit] [mIBit] [ps] F
pass 3300 LanellLanel 4._000 3515.000 1306.333 -81.000 -27.000
pass 3._300 Lanellanel 4_000 4035.000 134&._333 35.000 13.000
pazs 3.300 Lanellened 4.000 3958.000 1315.333 -42.000 -14.000
{caleulated)
pass 3._300 Lanellanel -4 _000 —-4081.000 -13€0.333 —81.000 -27.000
pass 3.300 Lanellanel =4.000 -35€1.000 -1320.333 35.000 13.000
LanelLanel
pass 2.300 ettt ) —4.000 -4042.000 -1347.333 —42.000 -14.000

Figure 105 Example result for HFR7-22: Inter-Pair Skew

Result: (Pass/Fail) The test is passed if the skew does not exceed the
value given in the spec.

AVcc [V]: Power supply voltage of the analog part of the cable under
test.

Lanes: The two lanes between which the skew was measured.

Added Inter-Pair Skew offset [TBit]: Offset added between the two FRL
data lanes.

Measured Skew with offset [mTBit]: Skew measured including the
offset, in mTBIt.

Measured Skew with offset [ps]: Skew measured including the offset, in
picoseconds.

Measured Skew [mTBit]: Measured inter-pair skew for the given lanes,
in mTBIt.

Measured Skew [ps]: Measured inter-pair skew for the given lanes, in
picoseconds.
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HFR7-23 Mode Conversion

Availability
HDMI 2.1 FRL Signal
Category 3 cables
Compliance Mode only
Only for Active Cables
Only at 10 GHz data rate

Purpose and Method

This procedure tests for compliance according to HDMI Generic CTS
Version 2.7c, Section 7.5 “Active Cable Assembly Electrical Tests”,
HFR7-23: “Mode Conversion”. It is used to confirm that the mode
conversions of an FRL lane do not exceed the maximum specified in the
CTs.

The pattern generator transmits the LPT3 pattern at 12 Gbps per lane.
ScdXY and SdcXY are measured for all the data lanes.

If the maximum mode conversion (Scd21, Scd12, Sdc21, Sdc12) is below
-16 dB at 6 GHz, the test is passed; otherwise, it is failed.

This calibration is available only if you check “Active Cable” in the
Configure Product dialog, only in Compliance mode and only for 10 GBit/s.

Connection Diagram

Refer to Figure 103 on page 227. The connection diagram is the same as
for HFR7-21 Cable Eye Diagram.
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pass
pass
pass

pass

3.13%
3.135
3.135
3.135

Result Description

HFR7-23 Mode Conversion

[Not Compliant]

——==Ceneral----
Offline

Software Versiocn

Calibration Data Versiomn

Compliant

Hon-compliance reason(s)

gCT!
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le Emulator
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Wdm_Imput_Lane 1 Ops_Skew
Wdm Imput Lane 2 Ops_Skew
Wdm Imput Lane 3 Ops_Skew
Is cable bidirecticnzal
User Name

-——-M81552 - HDMI Sig. Gen.—-——
Fill up blanking pericds with Null packets
Eezep the szignzls =

Skip Pattern generaticn

Use internzl probe head termination woltzage
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-Dso———-
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Frllanel 0.035
Figure 106

570
0.370
0.370
0.370

r test?

=]

-a
-0

25
24

o.02s

-0

2
24

True
2023
Unknown
False

Procedure offlins; Softwars stztus unr
FRL Cable Mode Conversion Swing Calibr
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2.1h
vle
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1€ oV
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45 oW
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False
False

True

True

5dc21 [dB] | Scd21 [dB]

-54.450
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0.054 -38.178 —-54_450
0.048 -38.735 -56.1€2

Example result for HFR7-23: Mode Conversion

Result: (Pass/Fail) Pass means that the measured S-parameters are
within the specs.

AVcc: The AVcc voltage at the DC power.

Lane: The tested lane at this step.

VCM_Output [mV]: The Vem_Output measured at 6 GHz.
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VDM_OQutput [mV]: The Vdm_Output measured at 6 GHz.

VCM_BaseLine [mV]: The Vem_Output measured at 6 GHz when the
skew is set to O ps.

VDM_Baseline [mV]: The measured Vdm_Output at 6 GHz when the
skew is set to O ps.

Sdc21 [dB]: The Sdc21 calculated for each lane.
Scd21 [dB]: The Scd21 calculated for each lane.
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Cable Tests in Expert Mode

HF Cable Eye Mask Measurement

Availability

Expert Mode only
HDMI 2.1 TMDS Signal
Category 1, Category 2 cables

Purpose and Method

This procedure allows you to generate a 6 Gb/s signal to test cables with.
It is based on the ID 5-3 Cable Eye Mask Measurement test but runs at a
higher data rate.

This test does not appear in any CTS and is only used to characterize cable
DUTs at a higher data rate.

Connection Diagram
Refer to Figure 97 on page 219.

The oscilloscope must be connected according to the data lane being
tested.
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Result Description

HF Cbl. Eye at 594 MHz DO
[Not Compliant]

HDMI Receiver Tests - Compliance 8

Test HF Cable Data Eye Jitter only on Clock

—-—--Ceneral----

Offline

Software Version
Calibration Data Versiomn

Compliant

Non-compliance reasoni(s)

Differential Swing

Czble Category

Check worst case eys manuslly
Measure current on HPD +5V Power
TMDS datza to clock ratio 1:40
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Unknown User
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True

Data
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Figure 107 Example result for HF Cable Eye Mask Measurement

Result: (Pass/Fail) Pass indicates that the DUT passed this test step

successfully.

Data Jitter Amplitude [TBit]: Amplitude of the jitter applied to the data.
Data Jitter Frequency [MHz]: Frequency of the jitter applied to the data.

Mask Violations: Number of waveforms violating the eye mask.
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9 Appendix: HDMI Parameters

Overview

The parameters used in ValiFrame for HDMI are divided here into
Sequencer Parameters (Table 8 on page 239)
HDMI PHY Common Parameters (Table 9 on page 240)
HDMI PHY Parameters for individual Procedures

HDMI PHY Parameters that appear in (practically) all individual
procedures (Table 10 on page 241).

HDMI PHY Parameters for Individual Calibrations
(Table 11 on page 242 (sink) and Table 12 on page 246 (cable)

HDMI PHY Parameters for Individual Tests
(Table 13 on page 250 (sink) and Table 14 on page 259 (cable))

With the exception of Table 9 on page 240, in the tables the parameters
are listed in alphabetical order.

If the value of a parameter appears in boldface type in the parameter grid
NOTE of the GUI, this indicates that the value is not the default value.

- If a parameter is read-only (gray) in the parameter grid, it can usually be

NOTE set either in the Station Configurator or when configuring the DUT.
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Sequencer Parameters

Table 8 HDMI PHY Sequencer Parameters
Parameter name Description
Procedure Error Case Behavior = “Proceed With Next Procedure”-If an error occurs in the test or calibration procedure, continue

by running the next procedure in the sequence.
= “Abort Sequence”—Abort further running of the sequence.

Procedure Failed Case Behavior = “Proceed With Next Procedure”—If the test or calibration procedure fails, continue by running
the next procedure in the sequence.
= “Abort Sequence”—Abort further running of the sequence.

Repetitions The number of times the group or procedure will be repeated. If the value is '0', it runs only once.
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HDMI PHY Common Parameters

Table 9 HDMI PHY Common Parameters

Heading / Parameter name Description

None
Repetitions
User Name

Dso

Use internal probe head termination voltage

M8195A - HDMI Sig. Gen.

DVI Mode

Fill up blanking periods with Null packets
Keep the signals after test?

Skip Pattern generation

Offset position of first packet in line

SCDC Controller
SCDC supports Character Error Detections
Skip Link Training

Start delay between SCDC Controller and
TMDS signal

The number of times the group will be repeated. If the value is '0', it runs only once.

The User Name entered in the Configure Product dialog.

If set to ‘True’, the internal termination voltage of the probe heads (e.g., N5444) is used.

If set to ‘True’, TMDS Generator generates DVI instead of HDMI data.
Fills up all blanking periods with null packets to reduce unbalanced HDMI symbols to a minimum.
If set to ‘True’, the signal is retained after each test to allow additional items to be measured.

Only relevant for offline runs: If set to ‘True’, pattern generation will be skipped for offline runs. This
reduces the time taken.

This value shifts out the position of the first packet in a line relative to the HSync Active Start.
Control sequences are added until this offset is reached.

If set to ‘True’, the SCDC controller is used as the error detector.
The test pattern is directly applied to the Sink DUT; link training is bypassed.

Delay duration (in milliseconds) before configuring the SCDC controller. This value must be
evaluated for each setup manually.

240
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HDMI PHY Parameters for Individual Procedures

HDMI PHY Parameters Used in All Individual Procedures

Table 10 lists the parameters that are used in (practically) all procedures.
They appear at the top of the parameter grid are listed here in alphabetical
order.

Table 10 HDMI PHY Parameters for All Individual Procedures

Parameter Description

Calibration Data Version The version of the N5991 ValiFrame software that was used to obtain the data of the prerequisite calibrations, i.e.,
the calibration data required in order to perform the procedure (test or calibration).

Compliant Read-only in the parameter grid. It indicates whether the procedure you are running is compliant with the HDMI

PHY specification.

= True: You are working in Compliance Mode OR you are working in Expert Mode but all parameters that can be
edited only in Expert Mode have their default values.

= False: You are working in Expert mode and a parameter that can be edited only in Expert Mode does not have
its default value.

The mode can be selected in the Configure DUT panel.

False is also shown if you are working offline or if any of the prerequisite calibrations were not performed in

compliant conditions.

If the value is False, an additional property (Non-compliance reason(s)) is shown to indicate why the data is not

compliant.

CTS Revision The revision number of the Compliance Test Specification on which the test is based. (Only for HDMI 1.4 test
procedures.)

gCTS Revision The revision number of the Generic Compliance Test Specification on which the test is based. (Only for HDMI 2.1
TMDS and FRL test procedures.)

MOI Revision The revision number of the Method of Implementation on which the test is based. (Only for HDMI 2.1 TMDS and
FRL test procedures.)

Non-compliance reason(s) Possible reasons include: the required calibrations were run offline, with unreleased software, with old firmware.

Offline = If True, the test automation software is not connected to any instrument. This mode should be used for

demonstrations and checks only. It is not valid for calibrations or measurements.
= If False, the software is connected to instruments and produces valid data. It is read-only in the parameter
grid. It can be set in the Instrument Configuration step of the Station Configurator.

Software Version The version of the N5991 ValiFrame software currently being used.
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HDMI PHY Parameters for Individual Sink Calibrations

The parameters for individual calibrations listed here are in addition to the
parameters that are used in (practically) all procedures, which are listed in
Table 10 on page 241.

Table 11 HDMI PHY Parameters for Individual Sink Calibrations

Parameter Description, Which Procedures

Applied Voltage Step

Cable Emulator

The amount by which the differential voltage is decreased at each step.

= Eye Height Calibration

Select the cable type to be simulated in the M8195A for TP2 calibrations. An S-parameter file (.s2p
or .s4p) can be used by selecting the “Custom” option. Choose the file in the Custom ISI Emulator

field.

Note: A separate license is required to enable this custom S-parameter option.

= Clock Jitter Calibration TP2
= HF Clock Jitter Calibration
= HF Data Jitter Calibration

Eye Width Calibration
Eye Height Calibration

Color Depth The color depth used for this test. Values: 24, 30, 36, 48 bit
= Swing Calibration HF Swing Calibration
= Clock Jitter Calibration HF Clock Jitter Calibration
= Data Jitter (on clock/data) Calibration HF Data Jitter Calibration
Color Space The color space used for this test.
= Swing Calibration HF Swing Calibration
= Clock Jitter Calibration HF Clock Jitter Calibration
= Data Jitter (on clock/data) Calibration HF Data Jitter Calibration
Differential Swing The differential voltage level of the signal.
= Fall/Rise Time Calibration HF Data Jitter Calibration
= Clock Jitter Calibration Random Jitter Calibration
= Data Jitter (on clock/data) Calibration Eye Width Calibration
= HF Clock Jitter Calibration
DSO Channel used for Calibration DSO channel selected as Input.
= Swing Calibration FRL Swing Calibration
= HF Swing Calibration
DSO Channel used for Termination DSO channel selected as Termination
= Swing Calibration FRL Swing Calibration

= HF Swing Calibration

242
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Parameter Description, Which Procedures

Enable Crosstalk Set to ‘True’ to enable crosstalk in the FRL signal generator
= Eye Width Calibration = Eye Height Calibration
First Differential Voltage First differential voltage amplitude that is calibrated. It depends on the data rate.

= Eye Height Calibration

Integration Time The acquisition time for the captured signal in seconds. Decreasing this value may speed up the
calibration but reduces accuracy.

= Fall/Rise Time Calibration

Jitter Step Size The value by which the jitter amplitude is increased per step.
= Clock Jitter Calibration = HF Clock Jitter Calibration
= Data Jitter (on clock/data) Calibration = HF Data Jitter Calibration
Max Jitter The maximum jitter amplitude. This is the stop value.
= Clock Jitter Calibration = HF Clock Jitter Calibration
= Data Jitter (on clock/data) Calibration = HF Data Jitter Calibration
Max Swing Value The maximum amplitude that will be calibrated.
= Swing Calibration = FRL Swing Calibration
= HF Swing Calibration
Max Transition The maximum fall/rise time that will be calibrated. Default: 1 ns transition time of highest video
mode in TBit.

= Fall/Rise Time Calibration

Measurement Cycles The number of times that the eye is measured at each step. After that, all results are averaged.
= Eye Width Calibration = Eye Height Calibration
Min Jitter The minimum jitter amplitude. This is the start value.
= Clock Jitter Calibration = HF Clock Jitter Calibration
= Data Jitter (on clock/data) Calibration = HF Data Jitter Calibration
Min Swing Value The minimum amplitude that will be calibrated.
= Swing Calibration = FRL Swing Calibration

= HF Swing Calibration
Min Transition The minimum fall/rise time that will be calibrated.

= Fall/Rise Time Calibration
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Parameter Description, Which Procedures

Perform full D902THDMC mask test for each If True, a full D902THDMC mask test will be performed for each calibration step.
calibration step

= Data Jitter (on clock/data) Calibration = HF Data Jitter Calibration
Start PCB Loss Factor First PCB loss factor value that is calibrated. It depends on the data rate.

= Eye Width Calibration

Step Size The value by which the parameter (voltage, time) is increased/decreased per step during
calibration.
= Fall/Rise Time Calibration = HF Swing Calibration
= Swing Calibration = FRL Swing Calibration

Step size of sample frequency The amount by which the sample frequency is increased between steps.

= Skew Calibration
Stop Jitter (RMS) The maximum random jitter value that is calibrated.
= Random Jitter Calibration

Target Height Lane0/Lane1/ Lane2 This determines the last calibration step. When the measured eye height is less than the target
height, the calibration ends.

= Eye Height Calibration

Target Jitter Lane0/Lane1/Lane2 This determines the last calibration step. When the measured total jitter is higher than the target
jitter, the calibration ends.
For Eye Height Calibration: The amount of jitter added to the signal. It is applied by setting the
required PCB Loss Factor according to the Eye Width calibration.

= Eye Width Calibration = Eye Height Calibration
TMDS Clock The calculated TMDS Clock used for this test.

= Fall/Rise Time Calibration = HF Swing Calibration

= Swing Calibration = HF Clock Jitter Calibration

= Clock Jitter Calibration = HF Data Jitter Calibration

= Data Jitter (on clock/data) Calibration

TMDS Data to Clock Ratio 1:40 The ratio between the TMDS data and TMDS clock can be set either as 1:40 or as 1:10. Set to ‘True’
to configure the ratio as 1:40.
= HF Clock Jitter Calibration = HF Data Jitter Calibration
Use Color Bar Pattern Set to True to use a color bar pattern. Set to False to use a gray scale.
= Clock Jitter Calibration = HF Clock Jitter Calibration
= Data Jitter (on clock/data) Calibration = HF Data Jitter Calibration
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Parameter Description, Which Procedures

Use Scrambled Video Signal Set to ‘True’ to generate a scrambled signal.
= HF Clock Jitter Calibration = HF Data Jitter Calibration
Video Mode The video mode used for the procedure, or, the FRL rate for this calibration.
= Swing Calibration = HF Data Jitter Calibration
= Clock Jitter Calibration = FRL Swing Calibration
= Data Jitter (on clock/data) Calibration = Random Jitter Calibration
= HF Swing Calibration = Eye Width Calibration
= HF Clock Jitter Calibration = Eye Height Calibration
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HDMI PHY Parameters for Individual Cable Calibrations

The parameters for individual calibrations listed here are in addition to the
parameters that are used in (practically) all procedures, which are listed in
Table 10 on page 241.

Table 12 HDMI PHY Parameters for Individual Cable Calibrations

Parameter Description, Which Procedures

Applied Voltage Step The amount by which the differential voltage is decreased at each step.

= Eye Height Calibration

Cable Emulator Select the cable type to be simulated in the M8195A for TP2 calibrations. An S-parameter file (.s2p
or .s4p) can be used by selecting the “Custom” option. Choose the file in the Custom ISI Emulator
field.

Note: A separate license is required to enable this custom S-parameter option.
= Eye Width Calibration = Mode Conversion Calibration
= Eye Height Calibration

Color Depth The color depth used for the procedure.
= Swing Calibration = HF Swing Calibration
= Data Jitter (on clock) Calibration = Data Jitter (on clock) Calibration 6G

Color Space The color space used for the procedure.
= Swing Calibration = HF Swing Calibration
= Data Jitter (on clock) Calibration = Data Jitter (on clock) Calibration 6G

Differential Swing The differential voltage level of the signal.
= Fall/Rise time Calibration = Random Jitter Calibration
= Data Jitter (on clock) Calibration = Eye Width Calibration
= Data Jitter (on clock) Calibration 6G

DSO Channel Used for Calibration DSO channel selected as Input.
= Swing Calibration = FRL Cable Mode Conversion Swing
= HF Swing Calibration Calibration
= FRL Cable Swing Calibration

DSO Channel Used for Termination DSO channel selected as Termination.
= Swing Calibration = FRL Cable Mode Conversion Swing
= HF Swing Calibration Calibration

= FRL Cable Swing Calibration
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Parameter Description, Which Procedures

Enable Crosstalk If set to True, crosstalk is enabled.
= Eye Width Calibration
= Eye Height Calibration
= Mode Conversion Calibration
First Differential Voltage First differential voltage amplitude that is calibrated. It depends on the data rate.

= Eye Height Calibration

Integration Time The acquisition time for the captured signal in seconds. Decreasing this value may speed up the
calibration but reduces accuracy.

= Fall/Rise time Calibration

Jitter Step Size The step size that is used to increase the jitter amplitude.
= Data Jitter (on clock) Calibration = Data Jitter (on clock) Calibration 6G
Max Jitter The maximum jitter amplitude. This is the stop value.
= Data Jitter (on clock) Calibration = Data Jitter (on clock) Calibration 6G
Max Swing Value The maximum voltage swing amplitude that will be calibrated.
= Swing Calibration = FRL Cable Mode Conversion Swing
= HF Swing Calibration Calibration
= FRL Cable Swing Calibration
Max Transition The maximum Fall/Rise Time that will be calibrated. Default: 1 ns transition time of highest video
mode in TBit.

= Fall/Rise time Calibration

Measurement Cycles The number of times that the eye is measured at each step. After that, all results are averaged.
= Eye Width Calibration = Eye Height Calibration
Min Jitter The minimum jitter amplitude. This is the start value.
= Data Jitter (on clock) Calibration = Data Jitter (on clock) Calibration 6G
Min Swing Value The minimum voltage swing amplitude that will be calibrated.
= Swing Calibration = FRL Cable Mode Conversion Swing
= HF Swing Calibration Calibration

= FRL Cable Swing Calibration
Min Transition The minimum Fall/Rise Time that will be calibrated.

= Fall/Rise time Calibration
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Parameter Description, Which Procedures

Perform full D902THDNC mask test for each Set to True to perform a full D902THDNC mask test for each calibration step.
calibration step

= Data Jitter (on clock) Calibration = Data Jitter (on clock) Calibration 6G
Start PCB Loss Factor First PCB loss factor value that is calibrated. It depends on the data rate.

= Eye Width Calibration

Step Size The value by which the parameter value is increased/decreased per step.
= Fall/Rise time Calibration = FRL Cable Swing Calibration
= Swing Calibration = FRL Cable Mode Conversion Swing
= HF Swing Calibration Calibration
Step Size of Sample Frequency The value by which the sample frequency is increased/decreased per step during calibration.

= Skew Calibration
Stop Jitter (RMS) The maximum random jitter value that is calibrated.
= Random Jitter Calibration

Target Height Lane2 This determines the last calibration step. When the measured eye height is less than the target
height, the calibration ends.

= Eye Height Calibration

Target Jitter Lane2 This determines the last calibration step. When the measured total jitter is higher than the target
jitter, the calibration ends.
For Eye Height Calibration: The amount of jitter added to the signal. It is applied by setting the
required PCB Loss Factor according to the Eye Width calibration.

= Eye Width Calibration = Eye Height Calibration
TMDS Clock The calculated TMDS Clock used for the procedure.
= Fall/Rise time Calibration = HF Swing Calibration
= Swing Calibration = Data Jitter (on clock) Calibration 6G
= Data Jitter (on clock) Calibration
TMDS data to clock ratio 1:40 The ratio between TDMS data and TDMS clock can be either 1:40 or 1:10. Selecting True sets the
ratio to 1:40.

= Data Jitter (on clock) Calibration 6G
Use Color Bar Pattern Set to True to use a color bar pattern. Set to False to use a gray scale.

= Data Jitter (on clock) Calibration = Data Jitter (on clock) Calibration 6G
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Parameter Description, Which Procedures

Use scrambled video signal Set to ‘True’ to generate a scrambled signal.
= Data Jitter (on clock) Calibration 6G
Use Swing Calibration If True, calibrated swing levels will be used.

= Mode Conversion Calibration

Video Mode The video mode used for the test.
= Swing Calibration = Random Jitter Calibration
= Data Jitter (on clock) Calibration = Eye Width Calibration
= HF Swing Calibration = Eye Height Calibration
= Data Jitter (on clock) Calibration 6G = FRL Cable Mode Conversion Swing
= FRL Cable Swing Calibration Calibration
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HDMI PHY Parameters for Individual Sink Tests

The parameters for individual tests listed here are in addition to the
parameters that are used in (practically) all procedures, which are listed in
Table 10 on page 241.

- Sink tests for HDMI 1.4 with TMDS signal begin “ID X-Y”, where X and Y
NOTE are numbers.

Sink tests for HDMI 2.1 with TMDS signal begin “ID HFX-Y”, where X and
Y are numbers.

Sink tests for HDMI 2.1 with FRL signal begin “HFRX-Y”, where X and Y
are numbers.

Sink tests available only in expert mode are denoted by “(Exp)” at the
beginning of the name.

Table 13 HDMI PHY Parameters for Individual Sink Tests

Parameter Description, Which Procedures

3D Mode Set to ‘2D’ if a 3D mode is not used. Otherwise, set the 3D mode used for the test.
= (Exp) Generic Video Format Timing

Alternate Jitter Amplitude Sets the amplitude of the second sinusoidal jitter component.
= (Exp) Sensitivity to Jitter (Data/Clock)

Alternate Jitter Frequency Sets the frequency of the second sinusoidal jitter component.
= (Exp) Sensitivity to Jitter (Data/Clock)

Cable Emulator Select the cable emulator type. An S-parameter file (.s2p or .s4p) can be used by selecting the “Custom” option.
Choose the file in the Custom ISI Emulator field.
Note: A separate license is required to enable this custom S-parameter option.

= |D 8-7: Jitter Tolerance = (Exp) Sensitivity to Jitter (Injection via Clock)
= ID HF2-2: Intra-Pair Skew = (Exp) Sensitivity to Jitter (Worst Case Skew)
= |ID HF2-3: Jitter Tolerance = (Exp) Sensitivity to Jitter (Data/Clock)

= HFR2-2: Intra-Pair Skew = (Exp) HF: Intra-Pair Skew

= HFR2-3: Inter-Pair Skew = (Exp FRL) FRL Error Pattern Check

= HFR2-4: Minimum Link Rate = (Exp FRL) Jitter Characterization Test

= HFR2-5: Jitter Tolerance
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Parameter Description, Which Procedures

Set to ‘True’ to characterize the DUT. Set to ‘False’ to check for compliance.
If set to ‘True’, set the desired values of min/max frequencies; otherwise, check specification to ensure that the
values of the parameters ‘Min Frequency’ and ‘Max Frequency’ are set suitably.

Characterization Mode

Clock Jitter Margin

Color Depth

Color Space

Data Jitter Margin

Desired Jitter Accuracy

Desired Skew Accuracy

= (Exp) Sensitivity to Jitter (Data/Clock)

If this margin is set to a value not equal to 0, the test starts with a higher clock jitter than specified; the value is

the specified clock jitter plus the margin value.

= |D 8-7: Jitter Tolerance

The color depth used for this test. Values: 24, 30, 36, 48 bit

= D 8-5: Differential Swing

= |D 8-6: Intra-Pair Skew

= D 8-7: Jitter Tolerance

= |D HF2-1: Differential Swing

= ID HF2-2: Intra-Pair Skew

= ID HF2-51: Inter-Pair Skew

= |D HF2-3: Jitter Tolerance

= (Exp) ID 8-31: AVI InfoFrame supporting Extended
Colorimetry, Content Type and ...

The color space used for this test.

= |D 8-5: Differential Swing

= |D 8-6: Intra-Pair Skew

= |D 8-7: Jitter Tolerance

= ID HF2-1: Differential Swing

= |D HF2-2: Intra-Pair Skew

= |D HF2-51: Inter-Pair Skew

= ID HF2-3: Jitter Tolerance

= (Exp) ID 8-31: AVl InfoFrame supporting Extended
Colorimetry, Content Type and ...

ID HF2-3: Jitter Tolerance

(Exp) Differential Swing

(Exp) Sink Inter-Pair Skew

(Exp) Sensitivity to Jitter (Injection via Clock)
(Exp) Sensitivity to Jitter (Worst Case Skew)
(Exp) Sensitivity to Jitter (Data/Clock)

(Exp) HF: Intra-Pair Skew

(Exp) Generic Video Format Timing

(Exp) Differential Swing

(Exp) Sink Inter-Pair Skew

(Exp) Sensitivity to Jitter (Injection via Clock)
(Exp) Sensitivity to Jitter (Worst Case Skew)
(Exp) Sensitivity to Jitter (Data/Clock)

(Exp) HF: Intra-Pair Skew

Generic Video Format Timing (Exp)

If this margin is set to a value not equal to 0, the test starts with a higher data jitter than specified; the value is the

specified data jitter plus the margin value.

= |D 8-7: Jitter Tolerance

ID HF2-3: Jitter Tolerance

This is the minimum step size required for the search performed by the software, which uses a binary search

algorithm, for the maximum passed value of jitter.

= (Exp) Sensitivity to Jitter (Worst Case Skew)

(Exp) Sensitivity to Jitter (Data/Clock)

This is the minimum step size required for the search performed by the software, which uses a binary search

algorithm, for the maximum passed value of skew.

= |D 8-7: Jitter Tolerance
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Parameter Description, Which Procedures

Differential Swing

Differential Swing Step Size

Enable Crosstalk

Eye Height
Lane0/Lane1/Lane2/Lane3

Frequency Steps

Initial Skew Step Size

Initial Margin Step Size

Jitter Frequency

Jitter Phase (Data to Clock)

Linear Frequency Steps

Link Rate Deviation

Differential voltage level.

= |D 8-7: Jitter Tolerance = (Exp) Sensitivity to Jitter (Worst Case Skew)
= ID HF2-3: Jitter Tolerance = (Exp) Sensitivity to Jitter (Data/Clock)

The value by which the differential swing is decreased per step.

= |D 8-5: Differential Swing = (Exp) Differential Swing

= |D HF2-1: Differential Swing = (Exp FRL) Differential Swing Tolerance
= HFR2-1: Differential Swing Tolerance

Set to ‘True’ to enable crosstalk.

= HFR2-2: Intra-Pair Skew = HFR2-5: Jitter Tolerance
= HFR2-3: Inter-Pair Skew = (Exp FRL) FRL Error Pattern Check
= HFR2-4: Minimum Link Rate = (Exp FRL) Jitter Characterization Test

The compliance eye height according to the HDMI specifications for each lane.

= HFR2-5 Jitter Tolerance

Defines how many frequencies are tested between the values for the parameters ‘Min. Frequency’ and ‘Max.
Frequency’.

= (Exp) Sensitivity to Jitter (Data/Clock)

The amount by which the skew is decreased/increased between steps.

= (Exp) Sink Inter-Pair Skew

Step size used in the margin value search.

= D 8-7: Jitter Tolerance = ID HF2-3: Jitter Tolerance
Frequency of the jitter applied in the test.

= (Exp) Sensitivity to Jitter (Worst Case Skew)

Applied jitter phase.

= (Exp) Sensitivity to Jitter (Data/Clock)

Set to ‘True’ if frequency steps are classified as linear.

= (Exp) Sensitivity to Jitter (Worst Case Skew) = (Exp) Sensitivity to Jitter (Data/Clock)
The applied deviation of the link rate from the nominal value.

= HFR2-4: Minimum Link Rate
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Parameter Description, Which Procedures

Margin Accuracy The minimum step size for which it is required to perform the search for the margin using a binary search
algorithm.
= D 8-7: Jitter Tolerance = ID HF2-3: Jitter Tolerance

Margin Search Values: None, Clock Jitter, Data Jitter, Both

If this parameter is set to the default value ‘None’, the test runs with jitter amplitudes as specified plus the values
in Data Jitter Margin and Clock Jitter Margin. If the test fails, it is repeated at the specified values.

For the other values, if a test fails, the software uses a binary search algorithm to start searching for the margin,
and this search continues until it finds the value where the DUT stops failing.

= |D8-7: Jitter Tolerance = |ID HF2-3: Jitter Tolerance
Max Frequency The maximum jitter frequency that is applied.

= (Exp) Sensitivity to Jitter (Data/Clock)

Max Jitter The maximum jitter amplitude. This is the stop value.
= (Exp) Sensitivity to Jitter (Worst Case Skew) = (Exp) Sensitivity to Jitter (Data/Clock)

Max Skew / Maximum Skew The maximum value of skew applied to the DUT.
= |D 8-6: Intra-Pair Skew = (Exp) Sensitivity to Jitter (Worst Case Skew)
= (Exp) Sink Inter-Pair Skew = (Exp) HF: Intra-Pair Skew

Max Spec. Inter-Pair Skew The maximum inter-pair skew value according to the specification.

= HFR2-3: Inter-Pair Skew
Max Voltage Offset The upper limit of the voltage offset range used for the test.

= ID HF2-3: Jitter Tolerance

Minimum Differential Swing The minimum voltage swing that will be applied.
= ID 8-5: Differential Swing = (Exp) Differential Swing
= ID HF2-1: Differential Swing = (Exp FRL) Differential Swing Tolerance

= HFR2-1: Differential Swing Tolerance
Min Frequency The minimum jitter frequency that is applied.

= (Exp) Sensitivity to Jitter (Data/Clock)

Min Jitter The minimum jitter amplitude. This is the start value.

= (Exp) Sensitivity to Jitter (Worst Case Skew) = (Exp) Sensitivity to Jitter (Data/Clock)
Minimum Passing Skew Minimum skew value to determine if the test is passed or failed. (Read only)

= |D 8-6: Intra-Pair = (Exp) HF: Intra-Pair Skew
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Min Skew / Minimum Skew The minimum applied value of skew.

= |D 8-6: Intra-Pair = (Exp) HF: Intra-Pair Skew
= (Exp) Sensitivity to Jitter (Worst Case Skew)

Min Voltage Offset The lower limit of the voltage offset range used for the test.
= ID HF2-3 Jitter Tolerance

Negative Framerate Deviation The negative deviation from the nominal frame rate.
= (Exp) Generic Video Format Timing

Number of Steps The number of times the BER test must be performed for the error-free and error-inducing patterns.
= (Exp FRL) FRL Error Pattern Check

PCB loss dB The PCB loss added for the test.
= (Exp FRL) Jitter Characterization Test

Positive Framerate Deviation The positive deviation from the nominal frame rate.
= (Exp) Generic Video Format Timing

RJ pk-pk The peak-to-peak amplitude of the random jitter for the test.

= (Exp FRL) Jitter Characterization Test

SJ Frequency The frequency of the sinusoidal jitter for the test.
= HFR2-5 Jitter Tolerance = (Exp FRL) Jitter Characterization Test
SJ pk-pk The peak-to-peak amplitude of the sinusoidal jitter for the test.

= HFR2-5 Jitter Tolerance

Skew / Skew in ps Value of skew in TBit and ps, respectively.
= D HF2-2: Intra-Pair Skew = HFR2-2: Intra-Pair Skew
= ID HF2-51: Inter-Pair Skew

Skew Step Size The amount by which the skew is decreased per step.
= ID 8-6: Intra-Pair Skew = (Exp) HF: Intra-Pair Skew

= (Exp) Sensitivity to Jitter (Worst Case Skew)
Skew Step Time Time waited between applying the signal and showing the pass/fail dialog.

= (Exp) Sink Inter-Pair Skew
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Skewed Channel [Data0, Datal, The skew of the TMDS pair against other TMDS pairs.

Data2 or Clock]
= (Exp) Sink Inter-Pair Skew
Start Differential Swing The initial value of the differential voltage level.
= D 8-5: Differential Swing = Differential Swing Data Channel (Exp)
= |D HF2-1: Differential Swing = Differential Swing All Channels sep. (Exp)
= HFR2-1: Differential Swing Tolerance = (Exp FRL) Differential Swing Tolerance
= (Exp) Differential Swing
Start SJ pk-pk Initial value of the sinusoidal jitter peak-to-peak amplitude.

= (Exp FRL) Jitter Characterization Test

Starting Pattern on Lane0/Lane1/  The pattern sent on each lane for the Link Training.
Lane2/Lane3

= HFR2-1: Differential Swing Tolerance = HFR2-5: Jitter Tolerance

= HFR2-2: Intra-Pair Skew (Exp FRL) Differential Swing Tolerance
= HFR2-3: Inter-Pair Skew (Exp FRL) FRL Error Pattern Check

= HFR2-4: Minimum Link Rate = (Exp FRL) Jitter Characterization Test

Target Jitter Lane0/Lane1/Lane2/  The jitter amplitude required on the signal to meet the compliance eye width for each lane.
Lane3

= HFR2-5: Jitter Tolerance

Test Channel Defines which lanes are tested. Values: Data0, Data1, Data2, Clock or All.
= Differential Swing Data Channel (Exp)

Test Image Image used for the test. Values: Default, ColorBar or AspectRatioCube.

= ID HF2-25: Sink Video Timing - 21:9 (64:27)

TMDS Clock The calculated TMDS Clock used for the test. (Read only)
= |D 8-5: Differential Swing = (Exp) ID 8-24: Interoperability with DVI
= ID 8-6: Intra-Pair Skew = (Exp) Differential Swing
= |D 8-7: Jitter Tolerance = (Exp) Sink Inter-Pair Skew
= ID HF2-1: Differential Swing = (Exp) Sensitivity to Jitter (Injection via Clock)
= ID HF2-2: Intra-Pair Skew = (Exp) Sensitivity to Jitter (Worst Case Skew)
= |D HF2-51: Inter-Pair Skew = (Exp) Sensitivity to Jitter (Data/Clock)
= ID HF2-3: Jitter Tolerance = (Exp) HF: Intra-Pair Skew
= (Exp) ID 8-19: Pixel Encoding Requirements = (Exp) Generic Video Format Timing
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TMDS data to clock ratio 1:40 The ratio between the TMDS data and TMDS clock can be set as either 1:40 or 1:10. Set to ‘True’ to configure the
ratio as 1:40. This setting enables signals compliant with HDMI 1.4 or HDMI 2.1 to be sent.

= D 8-5: Differential Swing = ID HF2-36: Video Timing non 2160p 24bit
= |D 8-6: Intra-Pair Skew = |D HF2-37: Video Timing non 2160p Deep Color
= ID HF2-1: Differential Swing = ID HF2-38: Video Timing non 2160p 3D
= ID HF2-2: Intra-Pair Skew = (Exp) Sink Inter-Pair Skew
= |D HF2-51: Inter-Pair Skew = (Exp) Sensitivity to Jitter (Injection via Clock)
= |D HF2-3: Jitter Tolerance = (Exp) Sensitivity to Jitter (Worst Case Skew)
= ID HF2-6: Video Timing 2160p 24 bit = (Exp) Sensitivity to Jitter (Data/Clock)
= D HF2-7: Video Timing 2160p Deep Color = (Exp) HF: Intra-Pair Skew
= D HF2-8: Video Timing 2160p 3D = (Exp) Generic Video Format Timing
Transition Time Converter Sets a filter with the selected transition time.
= (Exp) Sensitivity to Jitter (Worst Case Skew) = (Exp) Sensitivity to Jitter (Data/Clock)
Use Color Bar Pattern Set to ‘True’ to use a color bar pattern. Set to ‘False’ to use a gray scale.
= ID 8-5: Differential Swing = (Exp) Differential Swing
= ID 8-6: Intra-Pair Skew = (Exp) Sink Inter-Pair Skew
= |D 8-7: Jitter Tolerance = (Exp) Sensitivity to Jitter (Injection via Clock)
= ID HF2-1: Differential Swing = (Exp) Sensitivity to Jitter (Worst Case Skew)
= ID HF2-2: Intra-Pair Skew = (Exp) Sensitivity to Jitter (Data/Clock)
= |D HF2-51: Inter-Pair Skew = (Exp) HF: Intra-Pair Skew
= |D HF2-3: Jitter Tolerance = (Exp) Generic Video Format Timing
Use Scrambled Video Signal Set to ‘True’ to generate a scrambled signal.
= D 8-5: Differential Swing = (Exp) Sink Inter-Pair Skew
= |D 8-6: Intra-Pair Skew = (Exp) Sensitivity to Jitter (Injection via Clock)
= ID HF2-1: Differential Swing = (Exp) Sensitivity to Jitter (Worst Case Skew)
= |D HF2-2: Intra-Pair Skew = (Exp) Sensitivity to Jitter (Data/Clock)
= ID HF2-51: Inter-Pair Skew = (Exp) HF: Intra-Pair Skew
= |D HF2-3: Jitter Tolerance = (Exp) Generic Video Format Timing
Use separated YCbCr 4:2:0 test Instead of using one image with a color bar in the upper half and black/white bars in the lower half, you can use
images two separate images.
= |D HF2-23: Pixel Decoding YCbCr 4:2:0 = |D HF2-24: Pixel Decoding YCbCr 4:2:0 Deep Color
Use Slider Dialog In Expert mode, you may use a slider to set differential swing voltage levels (see Figure 50 on page 114). If set to
‘True', the slider dialog is displayed and if set to ‘False’, only such voltage levels are tested that are required by
the HDMI CTS.
= ID 8-5: Differential Swing = (Exp) Differential Swing
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Use Swing Calibration

ID 8-6: Intra-Pair Skew

ID 8-7: Jitter Tolerance

ID HF2-2: Intra-Pair Skew

ID HF2-51: Inter-Pair Skew

1D HF2-6: Video Timing 2160p 24bit

1D HF2-7: Video Timing 2160p Deep Color

1D HF2-8: Video Timing 2160p 3D

ID HF2-23: Pixel Decoding YCbCr 4:2:0

ID HF2-24: Pixel Decoding YCbCr 4:2:0 Deep Color
ID HF2-25: Sink Video Timing - 21:9 (64:27)

ID HF2-36: Video Timing non 2160p 24bit

1D HF2-37: Video Timing non 2160p Deep Color
1D HF2-38: Video Timing non 2160p 3D
HFR2-3: Inter-Pair Skew

HFR2-5: Jitter Tolerance

(Exp) ID 8-15: Character Synchronization Test
(Exp) ID 8-16: Acceptance of All Valid Packet
Types

The video mode used for the test.

ID 8-5: Differential Swing

ID 8-6: Intra-Pair Skew

ID 8-7: Jitter Tolerance

ID HF2-1: Differential Swing
ID HF2-2: Intra-Pair Skew
ID HF2-51: Inter-Pair Skew
1D HF2-3: Jitter Tolerance
HFR2-1: Differential Swing Tolerance
HFR2-2: Intra-Pair Skew
HFR2-3: Inter-Pair Skew
HFR2-4: Minimum Link Rate
HFR2-5: Jitter Tolerance
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Set to ‘True’ to use calibrated swing voltage levels for this procedure.

(Exp) ID 8-19: Pixel Encoding Requirements
(Exp) ID 8-20: Video Format Timing

(Exp) ID 8-21: Audio Clock Regeneration
(Exp) ID 8-22: Audio Jitter Test

(Exp) ID 8-23: Audio Formats

(Exp) ID 8-24: Interoperability with DVI

(Exp) ID 8-25: Deep Color

(Exp) ID 8-29: Video Format Timing

(Exp) ID 8-30: 4k x 2k Video Format Timing
(Exp) ID 8-31: AVI InfoFrame supporting Extended
Colorimetry, Content Type and ...

(Exp) Sink Inter-Pair Skew

(Exp) Sensitivity to Jitter (Injection via Clock)
(Exp) Sensitivity to Jitter (Worst Case Skew)
(Exp) Sensitivity to Jitter (Data/Clock)

(Exp) HF: Intra-Pair Skew

(Exp) Generic Video Format Timing

(Exp FRL) Jitter Characterization Test

(Exp) ID 8-24: Interoperability with DVI

(Exp) ID 8-31: AVI InfoFrame supporting Extended
Colorimetry, Content Type and ...

Exp) Differential Swing

Exp) Sink Inter-Pair Skew

Exp) Sensitivity to Jitter (Injection via Clock)
Exp) Sensitivity to Jitter (Worst Case Skew)
Exp) Sensitivity to Jitter (Data/Clock)

Exp) HF: Intra-Pair Skew

Exp) Generic Video Format Timing

Exp FRL) Differential Swing Tolerance

Exp FRL) FRL Error Pattern Check

(
(
(
(
(
(
(
(
(
(

= (Exp) ID 8-19: Pixel Encoding Requirements = (Exp FRL) Jitter Characterization Test
Voltage Offset The voltage offset used for the test.

= ID 8-5: Differential Swing = (Exp) Differential Swing

= ID HF2-1: Differential Swing = (Exp FRL) Differential Swing Tolerance

= HFR2-1: Differential Swing Tolerance
Voltage Offset, Viem1/Vicm2 The voltage offsets for input common mode 1 and input common mode 2 in the test.

= ID HF2-2: Intra-Pair Skew = ID HF2-51: Inter-Pair Skew
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Parameter Description, Which Procedures

Voltage Offset Factor / The HDMI levels are defined relative to the high level, which is nominally at Vyominaofset = 3-3 V- The instrument
Voltage Swing Factor defines levels that are relative to the center of the signal. To calculate the instrument offset, use the formula
VOf‘fsetInstrument = VOffsetFactor * VOﬁsetHDMI - VSwingFactor * (Vdiﬁ/z) - VNominalOﬁset
These factors allow another definition to be set for the offset in HDMI. It is imperative that the AC-coupled source
is enabled to set the factors Vogsetractor = 1 and Vsyingractor = 0-

= |D 8-5: Differential Swing = |D HF2-3: Jitter Tolerance
= ID HF2-1: Differential Swing = HFR2-1: Differential Swing Tolerance
= ID HF2-2: Intra-Pair Skew = (Exp) Differential Swing
= |D HF2-51: Inter-Pair Skew = (Exp FRL) Differential Swing Tolerance
With Jitter Set to ‘False’ to disable the jitter in the placement of the audio jitter packets. This can be used to verify proper

operation of the DUT under normal conditions.

= (Exp) ID 8-22: Audio Jitter Test
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HDMI PHY Parameters for Individual Cable Tests

The parameters for individual tests listed here are in addition to the
parameters that are used in (practically) all procedures, which are listed in
Table 10 on page 241.

Table 14 HDMI PHY Parameters for Individual Cable Tests

Parameters Description, Which Procedures

Abort on Fail Set to True if the procedure should abort if the test fails.
= HFR7-1 DC Power Test

Additional Guard Band Pattern This field allows you to enter additional Guard Band patterns to search for, besides the default pattern. You can
only enter the digits 0 and 1 here. The pattern must be ten bits long, six of which must consist of alternating 1s
and Os. The application uses the default pattern only when None is selected. If you have more than one pattern to
enter, use a comma (,) to separate them (e.g., 0101010100, 1010101011).

= |ID 5-5: Cable Inter-Pair Skew Measurement

Additional Sync Pattern This field allows you to enter additional patterns to search for, besides the default pattern. You can only enter the
digits 0 and 1 here. The pattern must be ten bits long, six of which must consist of alternating 1s and Os. The
application uses the default pattern only when None is selected. If you have more than one pattern to enter, use a
comma (,) to separate them (example: 0101010100, 1010101011).
= |D 5-5: Cable Inter-Pair Skew Measurement

Cable Category Select Category 1 (Home), Category 2 (Home), Category 3 (FRL) or User Defined.

= D 5-3: Cable Eye Mask Measurement = (Exp) HF Cable Eye Mask Measurement
= D 5-5: Cable Inter-Pair Skew Measurement

Cable Emulator The cable type to be simulated in the M8195A. An S-parameter file (.s2p or .s4p) can be used by selecting the
“Custom” option. Choose the file in the Custom ISI Emulator field.
Note: A separate license is required to enable this custom S-parameter option.

= HFR7-1 DC Power Test = HFR7-23 Mode Conversion

= HFR7-21 Cable Eye Diagram
Check worst case eye manually If set to ‘True’, you must manually check for the worst eye.

= D 5-3: Cable Eye Mask Measurement = (Exp) HF Cable Eye Mask Measurement
Color Depth The color depth used for the test. Select in the Configure Product dialog. Values: 24, 30, 36, 48 bit.

= |D 5-3: Cable Eye Mask Measurement = D 5-5: Cable Inter-Pair Skew Measurement
Color Space The color space used for the test. Select in the Configure Product dialog.

= |D 5-3: Cable Eye Mask Measurement = D 5-5: Cable Inter-Pair Skew Measurement
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Parameters Description, Which Procedures

Differential Swing

Enable Crosstalk

FRL Turn On Interpolation

Hysteresis

Inter-Pair Skew Trigger Length

Is cable bidirectional

Mask Movement Type

Maximum Tries

Measure Current on HPD

+5V_Power

Measurement Threshold

Pext required

The applied value of differential swing voltage level.

= |D 5-3: Cable Eye Mask Measurement = (Exp) HF Cable Eye Mask Measurement
= |D 5-5: Cable Inter-Pair Skew Measurement

Set to True to enable crosstalk.

= HFR7-1 DC Power Test = HFR7-23 Mode Conversion
OFF, INT2 or INT4 correspond to the level of interpolation used on the signal.

= HFR7-21 Cable Eye Diagram

This parameter corresponds to the ‘Cable Measurement Hysteresis’ parameter in the ‘Configure’ tab of the
oscilloscope’s HDMI application.

= |D 5-5: Cable Inter-Pair Skew Measurement

Select 10 bits or 20 bits as the length of the trigger pattern for the Inter-Pair Skew Test.

= |D 5-5: Cable Inter-Pair Skew Measurement

Set to True for a bidirectional cable. Then the measurement will be done in both directions.

= HFR7-23 Mode Conversion

The manner in which the oscilloscope moves the mask. Options are ‘Find pass’, ‘Fixed’, ‘Find margin’ and ‘Manual..
= D 5-3: Cable Eye Mask Measurement

Specifies the maximum number of tries before timeout. This setting needs to be increased when testing at a lower
pixel rate.

= |D 5-5: Cable Inter-Pair Skew Measurement

If set to ‘True’, the HPD Power’s current is measured.

= |D5-3: Cable Eye Mask Measurement = (Exp) HF Cable Eye Mask Measurement

This parameter corresponds to the Cable Measurement Threshold parameter available in the ‘Configure’ tab of the
oscilloscope’s HDMI application.

= |D 5-5: Cable Inter-Pair Skew Measurement
Set to True if the cable requires an additional power supply (USB connection, external power supply, etc).

= HFR7-1 DC Power Test

Skew Offset Value of applied skew offset.
= HFR7-22 Inter-Pair Skew
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Parameters Description, Which Procedures

Start CTLE (dB) Starting value for CTLE in dB.

= HFR7-21 Cable Eye Diagram

TMDS Clock The calculated TMDS Clock used for the test.
= |D5-3: Cable Eye Mask Measurement = |D 5-5: Cable Inter-Pair Skew Measurement
TMDS data to clock ratio 1:40 The ratio between the TMDS data and TMDS clock can be set as either 1:40 or 1:10. Set to ‘True’ to configure the

ratio as 1:40. This setting enables signals compliant with HDMI 1.4 or HDMI 2.1 to be sent.

= (Exp) HF Cable Eye Mask Measurement

Use Color Bar Pattern Set to ‘True’ to use a color bar pattern. Set to ‘False’ to use a gray scale.
= D 5-3: Cable Eye Mask Measurement = D 5-5: Cable Inter-Pair Skew Measurement
Use Swing calibration Set to ‘True’ to use calibrated swing levels.
= |D 5-3: Cable Eye Mask Measurement = HFR7-21 Cable Eye Diagram
= |D 5-5: Cable Inter-Pair Skew Measurement = HFR7-22 Inter-Pair Skew
= (Exp) HF Cable Eye Mask Measurement = HFR7-23 Mode Conversion
= HFR7-1 DC Power Test
V_drop TP1, V_drop TP2 These are the Vo, values that are calculated at the beginning of the test procedure by measuring the voltage at
TP1 and TP2.

= HFR7-1 DC Power Test

Vem_Input_Lane_X_83ps_Skew The Vem_Input measured in the Mode Conversion Calibration for lane X.
(X=0,1,2,3)

= HFR7-23 Mode Conversion

Vdm_Input_Lane_X_Ops_Skew The Vdm_Input measured in the Mode Conversion Calibration for lane X.
(X=0,1,2,3)

= HFR7-23 Mode Conversion
Video Mode The video mode used for the test.

= |D 5-3: Cable Eye Mask Measurement = |D 5-5: Cable Inter-Pair Skew Measurement
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List of Acronyms

264

Acronym Definition

ACR Automatic Content Recognition
AVI Audio Video Interleave

AWG Arbitrary Waveform Generator

BER Bit Error Ratio

CDF Capabilities Declaration Form

CE Cable Emulator

CEA Consumer Electronics Association
CED Character Error Detection

CTLE Continuous-Time Linear Equalizer
CTS Compliance Test Specification

DJ Deterministic Jitter

DSO Digital Storage Oscilloscope

DUT Device Under Test

DVI Digital Visual Interface

EDID Extended Display Identification Data
FRL Fixed Rate Link

GPIB General Purpose Interface Bus
HDMI High-Definition Multimedia Interface
HF High Frequency

HPD Hot Plug Detect

HTML HyperText Markup Language

ICM Input Common Mode

10 Input-Output

ISI Inter-Symbol Interference

JAE Japan Aviation Electronics Industry
LAN Local Area Network
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Acronym Definition

L-PCM Linear Pulse Code Modulation

Mcsc Mega Characters per Second per Channel
MOl Method of Implementation

PC Personal Computer

PCB Printed Circuit Board

PCM Pulse Code Modulation

pk-pk Peak to Peak

PRBS PseudoRandom Binary Sequence

RJ Random Jitter

RMS Root Mean Squared

SCDC Status and Control Data Channel

SCM Short Cable Model

SJ Sinusoidal Jitter

TMDS Transition-Minimized Differential Signaling
P Test Point

TPA Test Point Adapter

T1C Transition Time Converter

ul Unit Interval

usB Universal Serial Bus

viC Video Identification Code

Viem Common Mode Input Voltage

VISA Virtual Instrument System Architecture
WCM Worst Cable Model

YCbCr A color space
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