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Deep Analysis & NEW! Generation of HDMI Fixed

Rate Link (FRL) w/ Forward Error Correction (FEC)
Now Supports eARC Testing!

Key Features

quantumdals

980

® Verify the 16b/18b encoding for Fixed The Teledyne LeCroy quantumdata 980 48G Protocol Analyzer /

Rate Link (FRL) Packets in both 3 and 4 Generator module for HDMI Testing is equipped with HDMI Tx and Rx
lane configurations . . . ;

o Generator and Analyzer functions support ports supporting HDMI 2.1 Fixed Rate Link and FEC capture analysis
three (3) Lane configuration supports and decode up to 48Gbps (12Gbps/Lane). The HDMI Rx analyzer port
3Gbps & 6Gbps data rates; four (4) Lane provides visibility into the Fixed Rate Link packetization—super blocks,
;:ggféi:r:::qzz:‘;';o(:sﬁgl?pp:'azgz;s;te) character blocks and FRL packets and underlying TMDS video,

e Analyzer function enables viewing of protocol, control and metadata elements. The HDMI Tx video generator
captured data elements graphically in port transmits Fixed Rate Link video streams with embedded
Event Plot and in Data Decode Table; TMDS video, protocol, control and metadata elements. The module
searching and filtering data are supported . . . .

. . . also supports the link training functions of the source and sink

® Analyzer function provides visibility into ] ] ) ] )
the FRL packet mapping into Character functions in the FRL mode in both 3 and 4 lane configurations.
Blocks and Character Block (including FEC  Enhanced Audio Return Channel testing is also supported.
characters) mapping into Super Blocks . . .

) PPINg per’ FRL Analysis and Generation eARC Testing

® Analyzer function supports viewing of H |
underlying TMDS video and protocol The 980 48G Protocol Analyzgr/ The 980 48G Protoco
elements, data island blocks, preamble Generator module provides video Analyzer / Generator module
data and sync control elements generation and deep analysis test supports functional testing and

® Generator and Analyzer functions support features necessary to test the compliance testing of enhanced
link training through EDID and SCDC development of your HDMI 2.1 FRL- Audio Return Channel sources Tx
register read and emulation in accordance capable source and sink devices devices (e.g. UHD TV) and eARC Rx,
with source and sink link training states These features enables developersto  devices e.g. sound bar).
defined in the HDMI 2.1 specification. identify and resolve interoperability Operation

® Generator and Analyzer functions enable problems early in the product life The 980 48G Protocol Analyzer /
monitoring of Link Training transactionsin ., cjc The module’s analvzer depi _

. picts
the Auxiliary Channel Analyzer (ACA) ﬂ:/e incoming FRL packetystructure Generatlor module sup.ports Video
utility to show SCDC reads and writes over q ated el generation and analysis of the
the DDC channel and associated control elements. FRL/FEC HDMI data streams

® Analyzer Reports the Lane Error Counts This includes depicting the Character  yrough the user friendly 980
and Reed Solomon Corrections Count in Block structure and Super Block Manager which presents the data in
the SCDC CED registers structure. All FRL packet data an easy to understand way.

: lements are assigned precise
° Verify the eARC common mode € 9 P
: The 980 48G Protocol Analyzer
channel on either an eARC Tx or Rx device ~ timestamps. The FRL generator aul 5 yze / q
. enables selection of pre- Generator module can be equippe

Run eARC compliance tests on an
eARC Tx or Rx device

capture FRL video streams for
playback through the HDMI Tx port.

in either the 980B or 980R
Advanced Test Platform.

These materials contain confidential information belonging to the HDMI Forum, Inc., reproduced by Teledyne LeCroy, Inc. with permission from the HDMI Forum, and may
be disclosed to and used only by Adopters of the HDMI 2.1 Specification in accordance with the Adopter Agreement and Addendum to the HDMI adopter Agreement
between an Adopter and the HDMI Forum or between an Adopter and the HDMI Forum’s authorized agent. Any other use or discloser is strictly prohibited.



FIXED RATE LINK (FRL) CAPTURE/DECODE ANALYSIS

Capture and Decode (FRL & FEC) Capture Showing SCDC, FRL & TMDS Elements
The 980 48G Protocol Analyzer / Generator module === e ——— —_

captures and decodes incoming HDMI 2.1 streams that
have been packetized with Fixed Rate Link packet
structures. These FRL-related data elements are -
depicted graphically in the Event Plot . The decoded data el |
and the raw data is shown in table form in the Data -

) -
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The Forward Error Correction (FEC) characters are also oell___ — — — .
shown as appended on the Character Blocks. The ;‘*“L"“,L" e ey

module reports the Lane Error Counts and the FEC Reed gg ;’;E;jggﬁ : P :; M S E
Solomon Corrections Count in the SCDC CED registers.

The underlying TMDS video and protocol elements such

as the active video, data island and preamble blocks, are e, N
also depicted and decoded.

Each element is assigned a precise time stamp. Users
can search and filter the FRL captured data by type.

Capture Showing FRL Packets Character & Super Blocks
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FIXED RATE LINK (FRL) LINK TRAINING ANALYSIS

Link Training

The 980 48G Protocol Analyzer / Generator module
supports Link Training configuration. The module
emulates an HDMI 2.7 sink indicating the max FRL
rate in the HF-VSDB of the EDID and various other
essential link training parameters in the SCDC control
registers.

980 with 48G Protocol
Analyzer / Generator
module for HDMI Testing

HDMI 2.1 Source g

Test Setup for Source Test

Auxiliary Channel Analyzer

You can use the 980 48G Protocol Analyzer / Generator
module to monitor the Link Training transactions—EDID
exchange and reads and writes to the SCDC registers
over the DDC channel-with the Aux Channel Analyzer
(ACA) utility. This enables you to verify link training
functions to identify potential interoperability problems.

Auxiliary Channel Analyzer (Link Training over DDC)

[T 408 bt e — e = |

40h; Status Flags 0

it Hame

Cloax_petectea
€h0_Ln0_Locked
en: ckea

Link Training Status Screen

RX Control and Configuration
10.30.196.155 (10.30.196.155)
HDMI 2.1 RX/TX Protocol Analyzer RX - Card 6 - INRX

P Mods

Out Of Lock:NO
Pattern Error:NO
FRL Lane lock lost:NO

Lanel:

Out Of Lock:NO
Pattern Error:NO

FRL Lane lock lost:NO

Lane2:

Out Of Lock:NO
Pattern Error:NO

FRL Lane lock lost:NO

Lane3:

Out Of Lock:NO
Pattern Error:NO

FRL Lane lock lost:NO

Auxiliary Channel Analyzer (Link Training over DDC)

o START
0000 AL 02 03 4% PO 52 10 05 |
ooos 20 22 04 03 £2 07 06 3 |
0010 5E 5F 60 61 62 64 65 66 |
0018 23 OF 7F 07 78 03 0C 0O |
0020 10 00 P8 78 2F C& 6A 01 |
0029 07 03 04 81 41 00 16 06 |
0030 0B 00 56 58 00 67 DB 5D |
D38 C4 01 7H 98 67 £2 0O B |
D040 B3 7F OO 0O EL OF E3 05 | . .
0048 07 01 01 1D 8O 18 71 IC |
0050 16 20 58 2C 25 00 BA 88 |
D38 21 00 0D SE 56 52 00 AD |
0060 AD A0 29 50 30 20 35 00 |
0068 BA 89 21 00 0O LA 66 21 |
D70 5§ AA 51 0O 1E 30 46 BF |
33 00 BA 88 21 00 00 1B |

I
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FIXED RATE LINK (FRL) VIDEO GENERATION

FRL Video Generation Selection of FRL Playback Capture Files

The 980 48G module for HDMI Testing enables developers e T
of HDMI FRL-capable sink devices and silicon makers to D —

run functional tests on their FRL-capable display devices = Foider [ e |

1080p60_rx1 2160p120. 420_£x1 2160p120_£e1 2160p120ac. 420_re1 | |

by rendering uncompressed, unencrypted FRL streams at
up to 8K video resolutions at lane rates up to 12Gb/s and
at an aggregate link rate of 48Gb/s. The initial phase of
the video generator function is implemented through a
playback function using pre-captured FRL streams with
various resolutions, frame rates and bit depths. Future
releases will include a full video generator function with
specific selections of video formats, colorimetry, bit depth,
chroma subsampling and test patterns.

2160p60de_£rl 4320p30.420_£c1 4320p30_£71 4320p30dc.420_£r1 4320p60.420_£r1 | canb

=X Path: /Standard
(P ray (e

HDMI 2.1 FRL-Capable UHD TV

Link Training

The 980 48G Protocol Analyzer / Generator module ‘s video
generation function reads the EDID values for max FRL rate as
well as various other essential lane capability parameters in the
SCDC control registers. The FRL generator will then initiate link
training as a compliant FRL source. The link training status can
quickly be viewed from the Auxiliary Channel Analyzer (ACA)
utility.

980 with 48G Protocol
Analyzer / Generator
module for HDMI Testing

g T
LEchoT

Auxiliary Channel Analyzer

You can use the 980 48G Protocol Analyzer / Generator
module to monitor the Link Training transactions—EDID
exchange and reads and writes to the SCDC registers over
the DDC channel-with the Aux Channel Analyzer (ACA)
utility. The FRL link training transactions enable developers
to verify that their displays are properly conducting their role
in the link training process.

EDID Read
The 980 48G Protocol Analyzer / Generator module enables
you to view the EDID of the connected display (below).

Reading the EDID Auxiliary Channel Analyzer (Link Training)

& Generator | (5] e S

EDID Decode

EDID Comp = HDMI 206
— Playback

it IEEEZ Registratio 0xC45DD2
HDMI Forum Vendor Spe Data Block

€ho_Ln_Lo:

€n_Ln)_Lookes

€n2_Lna_Locked
=3_Lo

Editors

e Version: 1
© Max_TMDS_Character Rate: 600 MHz

® Max FRL Rate: 3,6 Gops @ 3 Lanes / 6,8,10,12 Gope @ ¢ Lanes Playback

: SCDC_Present . cads
: RR_Capeble = ~
: LTE_340MHz_scramble

Independent_view

Dual_View

3D_0SD_Disparity

DC_agbit_a20

DC_36bit_420

DC_30bit_420

: ceBECI

Scripts

FLT ready
DSC_DecodaFail

« START &
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¥
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¥
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¥
¥:
¥:
N
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eARC FUNCTIONAL AND COMPLIANCE TESTING

eARC Functional Testing

The 980 48G module is also supports enhanced Audio
Return Channel (eARC) Tx/Rx functional testing. The
solution provides emulation of an eARC Tx and Rx functions
over the eARC Common Mode and Differential mode data
channels. Solution supports discovery and disconnect,
heartbeat, status and capabilities data structure and
transmission over the differential channel. (Sample screen
showing monitoring incoming audio stream, right.)

980 with 48G Protocol

Analyzer / Generator
e

HDMI 2.1-eARC Rx
(A/V Receiver)

=

HDMI cable
eARC Rx Test Setup

980 with 48G Protocol
Analyzer / Generator
>

HDMI cable

eARC Tx Test Setup

Auxiliary Channel Analyzer

The 980 48G module can monitor the Link Training
transactions—EDID exchange and reads and writes to the
SCDC registers over the DDC channel -with the Aux Channel
Analyzer (ACA) utility. Viewing the FRL link training
transactions enables developers to verify their displays are
properly conducting the link training process properly.

Aux Chan Analyzer Traces (Common Mode Discovery)

T i

Value Description

Feo)
0

48G Playback HDMI Card 1 - eARC RX
P

SPDIF Out

clock detected

eARC Compliance Testing

The 980 48G module for HDMI Testing enables developers of
HDMI eARC Tx and Rx devices to run compliance tests on their
eARC-capable. The compliance tests, once initiated, run with
little or no human interaction. Detailed results are provided for
each test to help identify the root cause of failures. The reports
can be exported and disseminated to colleagues and other
subject matter experts.

Test Suite (Source Test Suite Example Shown)

T3 cARC Sourc=CT 10 R = )
T COF Entry | 1 Test Selection Test Opticns / Preview
& Intrament: | SS9808 [10.30.196.39] m r—
Category / Test Hame r
Common Mode Regular
|* HFR5-1-20: eARC Discovery With COMMA Width Margining v
|" HFR5-1-21: Command Behavior With Bit Time Margining v
HFR5-1-22: TX gets <NACK> indicating eARC RX Busy 4
HFRS-1-23: TX gets Common Mode Slow Response v
Common Mode Irreqular
HFR5-1-24: &ARC TX gets Timeout during Heartbeat v
HFR5-1-25: eARC TX gets Heartbeat Disconnect 4
HFR5-1-26: @ARC TX gets HFD LOW Disconnect v
HFR5-1-50: eARC TX Responds <RETRY> to Read Data Packet With Uncorrectable ECC Error v
HFR6-1-55: GARC TX gets Heartbeat Failure during Discovery v
cDs/status
|* HFR6-1-35: eARC TX Reads Capabilities Data Structure at startup
I* HFR5-1-36: @ARC TX Re-reads Capabilities Data Structure when CAP CHNG->1
LPCH Protocol
|* HFR5-1-28: aARC TX 2-channel LPCM Audio Packet Structure
|° HFR5-1-29: @ARC TX Multi-Channel 2-channel layout LPCM Audio Packet Structurs v
.1 : @ARC TX Multi-Channel B-channel layout LPCM Audio Packet Structure v
H : @ARC TX Multi-Channel 16-channel layout LECM Audio Packet Structurs v
I» = : @ARC TX Multi-Channel 32-channel layout LPCM Audio Packet Structure W
HPD/HDMI HPD
|* HFR5-1-3B: eARC TX set HPD LOW when leaving Standby Test %
HFRS-1-39: @ARC TX EDID Update and HDMI HPD Test v
HFR5-1-51: eARC TX EDID Update and HPD on CDS Change Test 4
Lip-svnc
HFR5-1-37: eARC TX Re-reads ERX LATENCY when STAT CHNG->1 v
* Iter 01: CDF_BARC_LIPSYNC_SUFFORT - 'N': AUUONAT1C PASS(SKIF) 4
LPCM Rate/Content
HFR5-1-32: GARC TX 2-channel LPCM Audio Rates v
HFR5-1-33: eARC TX Multi-channel 2-channel layout LPCM Audio Rates A4
|* HFR5-1-34: @ARC TX LPCM Channel Allocation Field ¥
I* HFR5-1-57: @ARC TX Multi-channel B-channel layout LPCM Audio Rates
|* HFR5-1-60: @ARC TX Multi-channel 16-channel laycut LPCM Audio Rates
I° HFR5-1-61: @ARC TX Multi-channel 32-channel layout LPCM Audio Rates
Audio
|° HFR5-1-30: eARC TX Behavior on Audio Format Change v
|® HFR5-1-62: aARC TX Sends Audio from all Sources over eARC v
4 » Compr. Audio
« |" HFR5-1-27: eARC TX Compressed Layout A Audio Packet Structure L
s Iter O1: CDF_BARC_OP_CAN_CONTROL_COMPRESSED_AUDIO = 'N': Amtomatic PASS(SKIF) v
« |" HFR5-1-40: eARC TX Compressed Layout B Audio Packet Structure W
s Iter 01: CDP_BARC_OF_CAN_CONTROL_COMPRESSED_AUDIO — 'N': AUTomAtic PASS{SKIF) v M
e ]

Sample eARC Test Results (Source Tests Shown)

=] Complisnce Test Resuts Viewes

Results Name: New for OIS 11 2018 13 29 25

Manutacturer: i

Date Tested: May 11, 2118 1:29 PM Model Name: 950
Overall Status: Port Tested: 1

Test Resuts
Test Hame / Details
|* BFR5-1-24: eARC TX gets Timeout during Heartbeat
|* BFR5-1-25: @ARC TX gets Heartbeat Disconnect
|* BFR5-1-26: @ARC TX gets HED LOW Disconnect
|" HFR5-1-50: eARC TX Responds <RETRY> to Read Data Packet With Uncorrectable ECC Error
| HFR5-1-55: eARC TX gets Heartbeat Failure during Discovery
|* HFR5-1-35: eARC TX Reads Capabilities Data Structure at startup
4@ Irer 01:
4@ 01: 1 35 1: verify CAP CHNG CONF behavior

issue heartbeat (maxiwum: 500ms)

* DUT set CAP_CHNG_CONF=1 in 0.62lims (200ms max)
DUT set CAP_CHNG CONF=0 in 0.62082%ms (200ms max)

@ DUT failed to read Capsbilities Data Structare

|* BFRS-1-36: @ARC TX Re-reads Capabilities Data Structure when CAP CHNG->1

|" HFR5-1-28: eARC TX 2-channel LECM Audio Packet Structure

|* HFRS-1-29: eARC TX Multi-Channel 2-channel layout LPCM Aundio Packet Structure

|- BFRS-1-56: eARC TX Multi-Channel 8-channel layout LPCM Audio Packet Structure

|- BFR5-1-58: eARC TX Multi-Channel 16-ch layout LPCM Audlio Packet Structure

|- BFR5-1-59: eARC TX Multi-ch layout LPCM Audio Packet Stru .

|* BFR5-1-38: eARC TX set HPD Standby Test

|* BFRS-1-39: @ARC TX EDID Update and HDMI HPD Test

I

I

}

|

|

|

HFRS5-1-37: eARC TX Re-reads ERX LATENCY when STAT CHNG->1
HFR5-1-32: eARC TX 2-channel LBCM Audio Rates

HFR5-1-33: @ARC TX Multi-channel 2-channel layout LPCM Audic Rates
HFR5-1-34: eARC TX LPCM
HFR5-1-57: @ARC TX Multi hel 8-channel layout LPCM Audio Rates
HFR5-1-60: eARC TX Multi nel 16-channel layout LPCM Audio Rates
HFRG6-1-61: eARC TX Multi-channel 32-channel layout LECM Audio Rates

:1 Allocation Fleld

‘
g

Instrument: |S53808 [10.30.196.35] -
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SPECIFICATIONS

HDMI Ports

Version
Standard Formats

Connector

Protocols

FRL bit rates
Line Code

HDCP

Capture memory

HDMI 2.1 Protocol Analyzer

Features

Fixed Rate Link (FRL)
Forward Error Correction
FRL Lanes

FRL Link Training Patterns

FRL Link Training

HDMI 2.1 Video Generator

Features

Fixed Rate Link (FRL)
FRL Lanes

FRL Link Training Patterns

FRL Link Training

HDMI 2.1 Module Options

Video Generator license option
Protocol Analysis license option
Functional test of eARC Tx
Functional test of eARC Rx
Compliance test of eARC Tx
Compliance test of eARC Rx

980 Test Platforms
Embedded Display

Power
Weight

Size

Command Line Control
Environmental

Everywhereyoulook™  teledynelecroy.com

"“ TELEDYNE LECROY 1-800-909-7211

HDMI 2.1

CEA

Rx HDMI Type A; Category 2

Tx HDMI Type A: Category 2

Note: Connectors are not approved Category 3 connectors
FRL with FEC

Note: TMDS support is future

3Gbps; 6Gbps; 8Gbps; 10Gbps; 12Gbps (48Gbps aggregate)
16b/18b

Future

8 GBytes

Captures and Decodes Fixed Rate Link (FRL) and FEC data streams
Displays FEC packets in FRL Character Blocks

3 & 4 lane configurations are supported

Supports LPT5 through LPT8

Supports link training with an FRL source in accordance with states defined
in the HDMI 2.1 specification (fallback to TMDS is not supported)

Transmits Fixed Rate Link (FRL) and FEC data streams

3 & 4 lane configurations are supported

Supports LPT5 through LPT8

Supports link training with an FRL sink in accordance with states defined
in the HDMI 2.1 specification (fallback to TMDS is not supported)

Transmits Fixed Rate Link (FRL) and FEC data streams

Analyzes Fixed Rate Link (FRL) and FEC data streams

Emulate eARC Rx to run functional test on an eARC Tx common & differential mode
Emulate eARC Tx to run functional test on an eARC Rx common & differential mode
Run compliance test on an eARC Tx

Run compliance test on an eARC Rx

980B: 15" diagonal; Resolution: 1024(H); x 768 (V) resolution; 24 bit RGB color.
980R: 7" diagonal: Resolution: 800 (H) x 480 (V); 24 bit RGB color.

90-264 VAC, 47-63Hz

23.76 LBS; 10.78 Kg

980B: Height: 15.25 in. (38.7 cm) Width: 14.57 in. (36.5 cm) Depth: 6.29in. (15.9cm)
980R: Height: 6.29in. (15.9 cm); Width: 15.25in. (38.7 cm); Depth: 14.57 in. (36.5 cm)

Ethernet (RJ-45) for external GUI and telnet
Operating Temp: 32 to 104 (F); 0 to 40 (C)

Local sales offices are located throughout the world.
Visit our website to find the most convenient location.

©2018 Teledyne LeCroy. All rights reserved. Specifications, prices, availability and delivery subject to change without notice. v0626
Product or brand names are trademarks or requested trademarks of their respective holders.
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