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Deep Analysis & Generation of Fixed Rate Link (FRL)

with Forward Error Correction (FEC)
Now Supports Optimized Video Timing (OVT) Formats

Key Features

View incoming FRL and TMDS (encrypted or unencrypted)
video frames and video metadata and timing in real time
Use generator or analyzer in three (3) and four (4) lane
configurations at all lane rates: 3Gbps, 6Gbps, 8Gbps,
10Gbps and 12Gbps (48Gbps aggregate)
Video generator function supports TMDS and FRL for
video resolutions up to 8K and 10K resolutions
compression including Optimized Video Timing
(OVT) formats
Certified “Test Device Approved for Dolby Labs, Inc.” for
HDMI and eARC Dolby audio generation & analysis
including Dolby Vision Source Led tests
Evaluate 4K and 8K HDR10 UHCTVs with HDR Lab
View captured FRL and TMDS data elements graphically in
Event Plot and in Data Decode table; use searching and
filtering to find data
View FRL packet mapping into Character Blocks and
Character Block mapping into Super Blocks
Verify Display Stream Compression (DSC) on FRL, DSC
capable sources or sinks

Run FRL & DSC source & sink compliance tests
View embedded TMDS video, protocol and metadata
elements, in FRL stream
Monitor of FRL Link Training transactions in the Auxiliary
Channel Analyzer (ACA) utility to show SCDC reads and
writes over the DDC channel
Run pixel error test on incoming TMDS streams
Passively monitor DDC channel in TMDS or FRL mode (FRL
mode requires custom cable)
Passively monitor TMDS video and metadata (without
HDCP) and DDC between a source and sink (requires both
Tx and Rx licenses)
View Lane Error Counts and Reed Solomon Counts in the
SCDC CED registers
Verify the eARC common mode channel on either an eARC
Tx or Rx device
Run eARC compliance tests on an eARC Tx or Rx device;
all tests supported
Run HDCP 2.3 source compliance tests

Run HDMI TMDS source and sink compliance
tests
Run Gaming-VRR, Fast VActive and QMS-VRR tests
Run HDR10+ Source Side Tone Mapping (SSTM) tests on
UHDTVs
Tests Power Cable Assemblies (PCA) for power requests
Run test automation for compliance tests with the API

quantumdals

980

The Teledyne LeCroy quantumdata 980 48G Protocol
Analyzer / Generator module for HDMI 2.1a Testing is
equipped with HDMI Tx and Rx ports supporting HDMI
Fixed Rate Link and FEC capture analysis and decode up
to 48Gbps (12Gbps/Lane). The HDMI Rx analyzer port
provides visibility into the Fixed Rate Link packetization—
super blocks, character blocks and FRL packets and
underlying TMDS video, protocol, control and metadata
elements. The HDMI Tx video generator port transmits
Fixed Rate Link video streams with embedded TMDS
video, protocol, control and metadata elements. Supports
Display Stream Compression (DSC) for testing both
sources and sinks (including compliance testing).
Supports FRL source and sink compliance testing. The
module also supports the link training functions of the
source and sink functions in the FRL mode in both 3 and 4
lane configurations. Enhanced Audio Return Channel
(eARC) compliance testing is also supported for eARC Tx
and eARC Rx devices.

FRL Analysis & Generation
The 980 48G Protocol Analyzer /
Generator module provides video
generation and deep analysis test
features necessary to test the
development of your HDMI 2.1
TMDS and FRL-capable source
and sink devices. These features
enable developers to identify and
resolve interoperability problems
early in the product life cycle. The
enhanced FRL generator enables
transmission of FRL and TMDS
video streams through the HDMI
Tx port. Supports user-selection
of resolution (including 8K), frame
rates, colorimetry, chroma
sampling and color space.

eARC Testing

The 980 48G Protocol
Analyzer / Generator module
supports functional testing
and compliance testing of
enhanced Audio Return
Channel sources Tx devices
(e.g. UHD TV) and eARC Rx,
devices e.g. sound bar).

Operation

The 980 48G Protocol
Analyzer / Generator module
supports video generation and
analysis of the FRL/FEC HDMI
data streams through the user
friendly 980 Manager which
presents the data in an easy
to understand way.



FIXED RATE LINK (FRL) ANALYSIS

Capture and Decode (FRL & FEC) Capture Showing SCDC, FRL & TMDS Elements

The 980 48G Protocol Analyzer / Generator module il T
captures and decodes incoming HDMI® 2.1 streams e A b @ o S T a0 B o

(encrypted or unencrypted) that have been packetized R — Kecsnn

FRasHK

with Fixed Rate Link packet structures. These FRL-related | == IO 0 0 O
data elements are depicted graphically in the Event Plot . i -ll-lll.lllll||||—||l||-lll-ll-ll||‘ N 0000

The decoded data and the raw data is shown in table form |-
in the Data Decode window. o

15599153 37243390 1599155501 632,662 T59.157.635.383.726
Time (W5 msvs.sps)

The Forward Error Correction (FEC) characters are also
shown as appended on the Character Blocks. The
module reports the Lane Error Counts and the FEC Reed
Solomon Corrections Count in the SCDC CED registers.

Une POt Type Sufype  Description
AL FRLSBK  Super Block 2044 characters
FRL FRL-LE  FRL Link Rate 10 Gbps
TRL FRLCBK  Character Block O Start

1 FRL Gar 76 GAP characters
TR ACTIVE 357 Video data charactezs
TRL aar 25 GAP charactars

The underlying TMDS video and protocol elements such
as the active video, data island and preamble blocks, are
also depicted and decoded.

Each element is assigned a precise time stamp. Users Capture with FRL Elements & TMDS Video & Data Islands

can search and filter the FRL captured data by type. =

Events | Find | Time Format. HH:MM:SS.ms.us.ns(ps) =

® M @ & Marker < ® > Marker2 < ® > Rows
59:9.206.068.566.968 159.9.153.333 055234 [F 15 L~ P:472] 120 VSYNG

K &€ < > »
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11508153 TG0 iS00 153,595 TS0 153393 18980 TS0 15 8390 0 T T8 6T
P

Details | Raw Data | @ o Al
fet T
= 435361 1
= 43536
[~ 435363 i:39.5.10
= 435364 1imis.1n
= 435385 1
s 435366 13

Sublype  Description
vsyne 120 vsnie

L
R
R Gar 176 GAP characters

SR T} 780w B 16 Video Blanking characters
L vsTHC 120 venwe
rRL cap 176 GAP characters
L BLANK 16 Video Blanking characters

0c10 00le 00le 001m
00le 08le 00le 00le
001e 001e 00le 001e
00le 0Ola 00le 001a

Test Setup for Source Test

Real Time Analysis

Real Time Analysis

The module’s Real Time analysis feature enables you
to monitor the incoming TMDS and FRL video and
metadata, data islands and InfoFrames including High
Dynamic Range (HDR) InfoFrames. A status bar at the
top of the window provides an at-a-glance view of the
essential incoming video parameters.




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 2.1 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
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HDMI 2.1 Source

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)

Link Training Status Screen

&l Generator

Pattern
Current Status
State :LTS_P
Lanes :4
Rate :12 GHz
FFE :0
FRL PLL LOCKED:YES

CEC Tes
UHDA Test
HDR Lab

HD

... & Output Disconnect

Refresh

Force Link Train at

Lane / Rate
FRL Off

3Lanes/3Gbps
3Lanes / 6 Gpbs
4 Lanes / 6 Gbps
4 Lanes /8 Gbps
4 Lanes /10 Gbps

4 Lanes /12 Gbps

Analyzer Link Training Status Screen

Tools: MyM41h (192.168.1.21) 48G Protocol Analyzer HDMI RX - IN/RX X

Status
Hot-Plug
5-Volts S
Lanes
SCDC Rate
MAX FEE
HDCP FLT_NO_TO
Analysis FRL_MAX
LTP

:LTS_P
:4

:12 GHz
:0

:0

:0
:5:6:7:8

Valid GAP Chrs received:YES
Valid Super Block structure:YES

Disparity:lock:CDR Errors
Ln_0 :0:NO:NO
Ln_1 :0:NO:NO
Ln_2 :0:NO:NO
Ln_3 :1:NO:NO

FEC Corrupted Code Block Count:0

FEC symbol Errox Count:1

Lowose | §

[T ACA Data Viewer

l

Open Close  Export Options Filter  Find
@ [MyACA_1] Events: 77
30 scoC 11 +00:25:15.500807 || R Update_0 (48.76 kbps) B Type: sCDC
31 SCDC 11 +400:25:15.501135 < 63 (48.76 kbps) Start Time: +00:25:15.534066
32 scDC 11 400:25:15.501626 || R status_Flags_1 (48.76 k EeEes 68 & G0

Maximun I2C Rate: 48.76 kbps
33 sCDC 11 +00:25:15.502118 || < 65 (48.76 Xbps)

o

38 SCDC 11 +00:25:15.502445
35 SCDC 11 +00:25:15.502773
36 SCDC 11 +00:25:15.503265
37 SCDC 11 +00:25:15.503592
38 SCDC 11 +00:25:15.504084
39 SCDC 11 +00:25:15.506869
40  SCDC 11 +00:25:15.507197
41 scDcU 11 +00:25:15.509654
42 sepc 11 400:25:15.532819
43 scDC 11 400:25:15.533247
44 scDc 11 +00:25:15.533738
45 | scoc 11 [+00:25:15.534066
46 SCDC 11 400:25:15.534558
47  SCDC 11 400:25:15.534885
48 SCDC 11 400:25:15.535377
43 SCDC 11 +00:25:15.535704
50 SCDC 11 +00:25:15.536196
51  SCDC 11 +00:25:15.536688
52  SCDC 11 400:25:15.537179
53 SCDCU 11 +00:25:15.539637
54 SCDC 11 +00:25:15.588624
55 SCDC 11 +00:25:15.588952
56 SCDC 11 +00:25:15.589443
57 SCDC 11 +00:25:15.957258
58  SCDC 11 +00:25:15.957586
55 scoc 11 +00:25:15.957258
€0 scpc 11 +00:25:15.957586
61 SCDCU 11 400:25:15.960044

R Status Flags 2 (48.76 k...
< 87 (48.76 Xbps)

R Update 0 (48.76 kbps)

< 63 (48.76 Xbps)

W Update_0 63 (48.76 kbps)

R Update 0 (48.76 kbps)

< 00 (48.76 Xbps)

Update Reads 8: 00

I ® update 0 (48.76 kbps)

< 61 (48.76 Xbps)

R Status_Flags_1 (48.76 k...
R Status Flags 2 (48.76 k
< 00 (48.76 Xbps)

R Update 0 (48.76 kbps)

< 61 (48.76 Xbps)

¥ pdate 0 €2 (43.76 Hge) By
R Update 0 (48.76 kbps)

< 41 (48.76 Xbps)

Update Reads 17: 41

R Update 0 (48.76 kbps)
< 51 (48.76 Xbps)

W Update 0 51 (48.76 kbps)
R Update 0 (48.76 kbps)
< 00 (48.76 Xbps)

R Update 0 (48.76 kbps)
< 00 (48.76 kbps)

Update Reads 500: 00 ]

Read, 1 byte
41h: Status_flags_1

Value Description

3-0 Ln0_LTP_req
7-4  Lnl_LTP req

* START
0000 A9 00-
* STOP *

€ > 45: < 00 (48.76 kbps)

0 No Pattern Requested
0  No Pattern Requested



FIXED RATE LINK (FRL) VIDEO GENERATION

FRL Video Generation
The 980 48G module for HDMI® Testing enables
developers of HDMI and TMDS FRL-capable sink devices

Selection of FRL and TMDS Video Resolutions

Bl Generator — 0 %

IS YOTTl  Disconnect

Refresh
g . . Format Pattern Audio
and silicon makers to run functional tests on their FRL- e veon | Fser | s | O
i i i Resolution Viotal FrameRate  Aspect 2160p60
capable display devices by rendering uncompressed, heson Jramerate | avect R
unencrypted or encrypted FRL streams at up to 8K and 28mp2x | 288pex 2
10K video resolutions at lane rates up to 12Gb/s and at an — e 7T
. . . 256:135
aggregate link rate of 48Gb/s. The enhanced video a80pdx | 4mbiax = 1
. . . . 576p 60/1.001  [E0 Box
generator function enables specific selections of video s7ope | S7ix 100
formats, colorimetry, bit depth, chroma subsampling, color e —
space and test patterns. 1030p 10301
4320p
HDMI 2.1 FRL-Capable UHD TV
LefttoRight = Settings Edit Clear Selection

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

LR Disconnect

Refresh
Pattern

Current Status Force Link Train

State :LTS_P
Lanes :4

Rate :10 Giz

TIE 0

FRL PLL LOCKED:YES

Lane / Rate
FRL Off

HDMI cable

3 Lanes /3 Gbps
3 Lanes /6 Gpbs
4 Lanes /6 Gbps
4 Lanes /8 Gbps

4Lanes /10 Ghps

4Lanes /12 Gbps

Link Training Configuration

The 980 48G Protocol Analyzer / Generator module ‘s video
generation function enables you to configure the lane rate and
number of lanes for transmission of the FRL stream.

EDID Read

The 980 48G Protocol Analyzer / Generator module enables
you to view the EDID of the connected display (below). You
can page through each block and save for later viewing.

Reading the EDID

Auxiliary Channel Analyzer (ACA)

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 utility. The FRL link training
transactions enable developers to verify that their displays are
properly conducting their role in the link training process.

Disconnect

Refresh

Pattern Audio

©eARC Master
Auxiliary Channel Analyzer (Link Training)
[ ACA Data Viewer - o x

Filter  Find o

CTA Data Block: Tag 3, bytes 7: Vendor Specific
24-bit IEEE Registration ID: 0xC45DD8

HDMI Forum Vendor Specific Data Block

« Version: 1

* Max_TMDS_Character Rate: 600 MHz

*Max FRL Rate: 12 Gbps @ 4 Lanes 30

HDCP
SCDC Editor

Open Close  Export
@ [MyACA_1] Events: 77
scDc 11 +00:25:15.500807

Options
Link Train
Type: scDC
Start Time: +00:25:15.534066
Duzation: 492 to 656 us

R Update_0 (48.76 kbps) ]
< 63 (48.76 kbps)

R Status Flags 1 (48.76 ...
< 65 (48.76 kbps)

R Status Flags 2 (48.76 ...
< 87 (48.76 kbps)

R Update 0 (48.76 kbps)

< 63 (48.76 kbps)

+ 8CDC Present 31 SCDC 11 +00:25:15.501135
: RR_Capable 32 SCDC 11 +00:25:15.501626
: CABLE_STATUS 33 seDC 11 +00:25:15.502118
: ccBecT 34 SCDC 11 +00:25:15.502445
: LTE_340MHz_scramble 35 SCDC 11 +00:25:15.502773
: Independent_view 36 SCDC 11 +00:25:15.503265
: Dual View

37 SCDC 11 +00:25:15.503592

Maximun I2C Rate: 48.76 kbps
Read, 1 byte

InfoFrame 41h: Status Flags 1

Value Description

Image Ctrl

: 3D_0SD_Disparity
: UHD_VIC

: DC_48bit_420

: DC_36bit_420

: DC_30bit_420

CEC Ping
CEC Tester
UHDA Test
HDR Lab
HDR10+
Dolby Vision
Editors
Scripts

o]

38  SCDC 11 +00:25:15.504084
39 scbe 11 +00:25:15.506869
40 SCDC 11 +00:25:15.507197
41 SCDCU 11 +00:25:15.509654
42 scpc 11 +00:25:15.532919
43 SCDC 11 +00:25:15.533247
44  scbc 11 +00:25:15.533738

45 | scoc |11 |+00:25:15.534066 | |< 00 (48.76 kbps)

46  SCDC 11 +00:25:15.534558
47 SCDC 11 +00:25:15.534885
48 SCDC 11 +00:25:15.535377
49 scbc 11 +00:25:15.535704
50  SCDC 11 +00:25:15.536196
51 scDC 11 +00:25:15.536688

W Update 0 63 (48.76 kbps)
R Update 0 (48.76 kbps)
< 00 (48.76 kbps)
Update Reads 8: 00
I ® vpdate 0 (48.76 xbps)
< 61 (48.76 kbps)
R Status Flags 1 (48.76 ...

R Status_Flags 2 (48.76 ...
< 00 (48.76 kbps)

R Update 0 (48.76 kbps)

< 61 (48.76 kbps)

W Update_0 61 (48.76 kbps)
R Update 0 (48.76 kbps)

B|

3-0 Ln0_1TP_zeq
7-4 Inl 1TP_zeq

* START *
3 0000 A3 00-

*+ stol

<

B *

>

a5:

< 00 (48.76 kbps)

0  No Pattern Requested
0 No Pattern Requested



HDR FUNCTIONAL TESTING - HDR LAB, DOLBY VISION, HLG

HDR Lab

The “"HDR Lab" test option was developed jointly with industry
expert Joe Kane. HDR Lab is a suite of 4K and 8K test patterns
and reference images for evaluating HDR10 displays
(examples at right) that address the following:

» HDR End-to-End Validation in Post Production — Verifies
HDR metadata, color grading and color decoding
throughout the post production process.

+ HDR Display Test Suite — Verifies various HDR attributes
such as: peak brightness, native contrast, average
brightness level, signal clipping, and color gamut on an
HDR-capable UHD TV using a variety of test patterns.

980 with 48G Protocol
Generator module

HDMI UHD TV

for HDMI Testing

vvvvvvvv

Setup for HDR Functional Tests

Dolby Vision & Hybrid Log Gamma Test Pattern
The Dolby Vision test image verifies a Dolby Vision display’s
Dolby Vision-specific EDID data, its response to the Dolby
Vision protocol handshake and its handling of the Dolby Vision
signal and metadata. The Dolby Vision test image will be
rendered with a checkmark in the proper location if the display
has properly interpreted the color space, metadata and
checksum correctly.

The Hybrid Log Gamma (HLG) test image provides an
assurance that the HLG metadata is not impeding the ability of
the display to render the image.

HLG Test Image

white yellow cyan

Hybrid Log-Gamma

/Y[1]1=G, X[2]/Y[2]=B

IM

HDR Lab (Sample Test Pattern - Combination)

HDR Lab (Sample - Universal Test Pattern)

HDR Lab (Sample Test Pattern — Flower Montage)
F ":;l":‘; ,'*'.. p 4 :‘,{: A : . s :

Dolby Vision Test Image

X

VISION

SDR [ |




FIXED RATE LINK (FRL) SOURCE COMPLIANCE

FRL & DSC Source Compliance Testing

The 980 48G module for HDMI® Testing enables developers
of HDMI FRL-capable source devices and silicon makers to
run compliance tests on their FRL-capable source devices on
unencrypted FRL streams at up to 8K and 10K video
resolutions at lane rates up to 12Gb/s and at an aggregate
link rate of 48Gb/s. All compliance test data, including the
captured data, is exportable and can be disseminated to
colleagues and other subject matter experts.

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

HDMI 2.1 Source e

Test Setup for Source Test

Sample FRL Source Compliance (Link Training Tests)

Selection of FRL Source Compliance tests

2 FRL Sink - a ®

Instrument

MyM41h[192.168.1.21] =

Select All
~ CED ~
~ HFR2-17: Sink FRL Protocol - CED - Lock Bits v
« Iter 01: Sink_Max_FRL_Rate = 0: Automatic PASS(SKIP) v
~  HFR2-18: Sink FRL Protocol - CED - Error Counting During Reads v
= Iter 01: Sink_Max_FRL_Rate = 0: Automatic PASS(SKIP) v
~ HFR2-19: Sink FRL Protocol - CED - Specific Video Data Error Injection =
« Iter 01: Sink_Max_FRL_Rate = 0: Automatic PASS(SKIP) v
~ HFR2-20: Sink FRL Protocol - CED - Maximum Video Data Error Injection v
= Iter 01: Sink_Max_FRL_Rate = 0: Automatic PASS(SKIP) v
~ HFR2-21: Sink FRL Protocol - CED - Update Flag with Specific Error Injection v
= Iter 01: Sink_Max_FRL_Rate = 0: Automatic PASS(SKIP) v
« HFR2-22: Sink FRL Protocol - CED - Update Flag with Maximum Error Injection ¥
« Iter 01: Sink_Max_FRL_Rate = 0: Automatic PASS(SKIP) v
~ RS
~ HFR2-48: Sink FRL Protocol - RS - Basic Operation v
= Iter 01: Sink_Max_FRL_Rate = 0: Automatic PASS(SKIP) v
~ HFR2-49: Sink FRL Protocol - RS - Correction Counting During Reads =
« Iter 01: Sink_Max_FRL_Rate = 0: Automatic PASS(SKIP) L
~ HFR2-50: Sink FRL Protocol - RS - Maximum Symbol Error Count v
= Iter 01: Sink_Max_FRL_Rate = 0: Automatic PASS(SKIP) v
~ HFR2-51: Sink FRL Protocol - RS - Update Flag with Specific Symbol Error Count v
= Iter 01: Sink_Max_FRL_Rate = 0: Automatic PASS(SKIP) v
« HFR2-52: Sink FRL Protocol - RS - Update Flag with Maximum Symbol Error Count ¥
« Iter 01: Sink_Max_FRL_Rate = 0: Automatic PASS(SKIP) v
~ Bbpec Decoding
v HFR2-23: Sink Pixel Decoding (FRL Mode) - YCBCR 4:2:0 v
= Iter 01: Sink_Max_FRL_Rate = 0: Automatic PASS(SKIP) v
~ HFR?2-31: Sink Pixel Decndina (FRI Made) - RGR L N
Selection of FRL DSC Source Compliance tests
24 FRL Source - o x
Instrument:  home2[10.30.30.42] + Connect Cards

Open Save | Select All Categories Deselect All Categories

Tests Select All Clear All

Gaming HFR1-80: Source Video Timing (DSC) - 2160p 8 bpc RGB Primary Compressed Formats @ %

S HFR1-81: Source Video Timing (DSC) - 4320p 8 bpc RGB Primary Compressed Formats

(O]
HFR1-82: Source Video Timing (DSC) - <=2160p 10 bpc/12 bpc RGB Primary Compressed Formats = @
HFR1-83: Source Video Timing (DSC) - 4320p 10 bpc/12 bpc RGB Primary Compressed Formats @
HFR1-84: Source Video Timing (DSC) - <= 2160p YCbCr 4:4:4/4:2:2/4:2:0 Primary Compressed Formats ® &

HFR1-85: Source Video Timing (DSC) - 4320p YCbCr 4:4:4/4:2:2/4:2:0 Primary Compressed Formats @

< >

=)

ompliance Test Results Viewer

Resubts Name: My FRL LT
Date Tested: March 16, 2019 615 PM

Overall Status: HEFRTHTS

Manufacturer: ACME
Model Name: ¥VZ
Port Tested: 1

Test Results

P Test Name / Details
: Source FRL Protocol - Successful FRL Link Training

s cs Trai
4 |= HFR1 : Source FRL Protocol
4@ Teer o1

HhBOoOO o oo ooo

« [= HFR1-17: Source FRL Protocol - FRL Link Training - Future Rate Support
@ Teer 01:

Instrument: | SS960B [10.30.196,

Sample FRL Source Compliance (Protocol Tests)

1= Compliance Test Results Viewer

===
(3 HTML Report

Results Name: XLN_LT_MOI 11 19 Prev
Date Tasted: October 24, 2018 3:50 PM
Overall Status: SEFSUEN £

» Test Name / Details
4 ]2 HFR1-11: Source FRL Protocol - Legal Codes
4@ Tter 01: FRL 3 Lane Mode
© Trained ati (2) 6 Gbps € 3 Lanes
© 01: Test that the FRL charcaters count and SSB/SR characters count is valid.
© 02: SR header occurs only after 32 super blocks and at SB count '0'.
© 03: Illegal codes or other related errors associated with this test case.
© 04: SSB/SR header occurs only prior to Character block '0'.
4@ Tter 02: FRL 4 Lane Mode
© Trained at: (5) 10 Gbps € 4 Lanes
© 01: Test that the FRL charcaters count and SSB/SR characters count is valid.
© 02: SR header occurs only after 32 super blocks and at SB count '0'.
© 03: Illegal codes or other related errors asscociated with this test case.
i © 04: SSB/SR header occurs only prior to Character block '0'.
4+ ]2 HFR1-19: Source FRL Packets - FRL Map Characters
4@ Iter 01: Lowest FRL Rate in 3 Lane mode
s Trained at: (2) 6 Gbps @ 3 Lanes
© 01: Test that the FRL MAP Type is valid.
© 02: Test that Video Blanking/Video Data Characters Length is greater than 1
© 03: Test That the sum of all MAP Length fields in a Super Block is 2008.
4@ Tter 02: Lowest FRL Rate in 4 Lane mode
o Trained at: (5) 10 Gbps @ 4 Lanes
© 01: Test that the FRL MAP Type is wvalid.
© 02: Test that Video Blanking/Video Data Characters Length is greater than 1
© 03: Test That the sum of all MAP Length fields in a Super Bleck is 2008.

Manufacturer: silinx
Model Name: hdmi21
Port Tested: 1

Open Capture 1L 4 Lane Mode

Instrument: | 559808 [10.30.196.39] || Continue Test Execution

I [ e




FIXED RATE LINK (FRL) & DSC SINK COMPLIANCE

FRL & DSC Sink Compliance Testing

The M41h for HDMI Testing enables developers of HDMI® FRL and
DSC-capable sink devices and silicon makers to run compliance tests
on their FRL-capable sink devices with FRL streams at up to 8K and
10K video resolutions at lane rates up to 12Gb/s and at an aggregate
link rate of 48Gb/s. All compliance test data, including the captured
data, is exportable and can be disseminated to colleagues and other
subject matter experts. The test patterns and formats necessary to run
the DSC sink compliance tests are pre-cached for fast rendering.
Selection of FRL Sink & DSC Compliance tests

4 FRL Source

Instrument: MyM41h[192.168.1.21] ~

CDF Entr) Test Selection

EXEGUTE TESTS

A

Select All Duration Options
Protocol
HFR1-11: Source FRL Protocol - Legal Codes
o Iter 01: Source_Max_FRL_Rate = 0: Automatic PASS(SKIP)
HFR1-19: Source FRL Packets - FRL Map Characters
= Iter 01: Source_Max_FRL_Rate = 0: Automatic PASS(SKIP)
HFR1-20: Source FRL Packets - FRL Control Periods
o Iter 01: Source_Max_FRL_Rate = 0: Automatic PASS(SKIP)
HFR1-21: Source FRL Packets - Active Video FRL Packets (Uncompressed)
= Iter 01: Source_Max_FRL_Rate = 0: Automatic PASS(SKIP)
HFR1-23: Source FRL Protocol - Data Flow Metering Variations
= Iter 01: Source_Max_FRL_Rate = 0: Automatic PASS(SKIP)
Link Training
HFR1-10: Source FRL Protocol - FRL Link Training Patterns
o Iter 01: Source_Max_FRL_Rate = 0: Automatic PASS(SKIP)
HFR1-12: Source FRL Protocol - Successful FRL Link Training
= Iter 01: Source_Max_FRL_Rate = 0: Automatic PASS(SKIP)
HFR1-13: Source FRL Protocol - FRL Link Training - Link Rate Change
= Iter 01: Source_Max_FRL_Rate < 2: Automatic PASS(SKIP)
HFR1-17: Source FRL Protocol - FRL Link Training - Future Rate Support
= Iter 01: Source_Max_FRL_Rate = 0: Automatic PASS(SKIP)
8bpc Encoding
HFR1-29: Source Pixel Encoding (FRL Mode) - RGB
= Iter 01: Source_Max_FRL_Rate = 0: Automatic PASS(SKIP)
HFR1-30: Source Pixel Encoding (FRL Mode) - YCBCR 4:2:2/4:4:4
= Iter 01: Source_Max_FRL_Rate = 0: Automatic PASS(SKIP)
HFR1-31: Source Pixel Encoding (FRL Mode) - YCBCR 4:2:0
= Iter 01: Source_Max_FRL_Rate = 0: Automatic PASS(SKIP)

ALK& R

ALK

LK

[owose ]

Sample Test Results of FRL Sink Compliance tests
[T Comphance Tem e vicner

Riesults Mame: 14VK_R5 48 Full
Date Tested: December 11, 2016 1114 A4

Overs tatus:

Text Hame / Details
4 |~ BFR2-48: sink FRL Protocol -
4@ tter o1: 3 Lanes

o1: coF

RS - Basic oparation

HDMI 2.1 (UHD TV)

980 with 48G Protocol
Analyzer / Generator

HDMI cable

Test Setup for Sink Test

Sample DSC Sink Compliance Test Results

I= Compliance Test Results Viewer
FRL Sink Compliance Test Results
HTMLReport  Instrument: MyM41h[10.30.196.32] «
Results Name: MyDSC_VIC196Test2
Data Tested: June 29,2020 6:00 PM

Manufacturer: Acme.
Model Name: XYZ

Overall Status Incomplete Port Tested: 1
« & Iter DS: (196) 7680x4320p @ 30 Hz 16:9, RGB, 10 bpe - 1 FAIL @
> Step 2.1,2.2: Format is in the EDID and CDF
s Step 2.3: CDF field Sink_Suppors_DSC matches the DSC_1p2 EDID field
= Step 2.4: CDF field Sink_DSC_10bpe matches the DSC_10bpc EDID field
= Step 2.4: CDF field Sink_DSC_12bpe matches the DSC_12bpc EDID field
Step 2.5: DSC_16bpe field in the EDID is not set (=0)
Step 2.6: CDF field Sink_DSC_Native_420 matches the DSC_Native_420 EDID field
01: 6 Gbps @ 3 Lanes, MIN Pixel Clock
~ @ 02: 6 Gbps @ 3 Lanes, MAX Pixel Clock
= Manual inspection of the DUT indicated inadequate support of the test signal
03: 12 Gbps @ 4 Lanes, MIN Pixel Clock

~  04:12 Gbps @ 4 Lanes, MAX Pixel Clock PASS
» Manual inspection of the DUT verified adequate support of the test signal
Iter D6: (196) 7680x4320p @ 30 Hz 16:9, RGB, 12 bpc
= Step 2.1, 2 2: Format is in the EDID and CDF
= Step 2.3: CDF field Sink_Supports_DSC matches the DSC_1p2 EDID field
= Step 2.4: CDF field Sink_DSC_10bpc matches the DSC_10bpc EDID field
= Step 2.4: CDF field Sink_DSC_12bpc matches the DSC_12bpc EDID field
Step 2.5: DSC_16bpc field in the EDID is not set (=0)
Step 2.6: COF field Sink_DSC_Native_420 matches the DSC_Native_420 EDID field
~ :01: 6 Gbps @ 3 Lanes, MIN Pixel Clock

Iter 06: (196) 7680x4320p @ 30 Hz 16:9, RGB, 12 bpc

PASS

T Cormptance Tt P Ve
|

Resuts Names 147 CED.45_F

Date Tested: Decemoer 1. 2088 1058 AM
Ovenll Satus

Manufacturer: gd
Morel Mame: 580
Port Tested: 1

Taat Hawe / Details

: sink FRL Protocol - CED -
3 Lanes

2@ Tter 020 4 Lanes

£1

a |* BFR2-49

8: Sink FRL Protocel -

+ | mFR2-1 cEDp -
@ ter 01
‘ " HFR2-19: Sink FRL Protocol - CED -
@ Iter 01 3 Lanes

I + 8ink FRL Proteocol -
a |* HFR2-52:
4@ 1ter 01

RS
Sink FRL Protocol - RS

- Update Flag with Specific Symbol Error Count
- Update Flag with Maximum Symbol Error Count al

4 Lanms
sink FRL Protocol

@ 1tar 02
HFR2-20:
+ @ rer

o1

10

Sink FRL Protocol - Update

: Sink FRL Protocol - Update

Lock Bits

R u Ty
Error Counting During Reads

Specific Vides Data Error Injection

Maximum Video Data Error Injection

Flag with Specific Error Injection

Flag with Maximum Error Injection

[ 559808 [10.30296.3)

Contines Ta Exscution




HDMI 2.0/ 1.4 SOURCE/SINK TMDS COMPLIANCE TESTS

HDMI TMDS Source Compliance

The 980 48G module for HDMI® Testing enables developers
of HDMI source devices and silicon makers to run
compliance tests on their TMDS source devices on streams
at up to 4K video resolutions. All compliance test data,
including the captured data, is exportable and can be
disseminated to colleagues and other subject matter experts.
(Example screens below show samples only.)

HDMI Source 980 with
= 48G Protocol Analyzer /
Generator module

e s

Test Setup for
HDMI TMDS Source
Compliance Tests

HDMI TMDS Source - Partial List of Supported Tests

’—: HDMI TMDS Sausce - o x|

Instrument:  MyM41h[10.30.196.32] =

CDF Entry Test Selection

Select All Options

~ TMDS Protocol -
HF1-10: TMDS Protocol - 6G - TMDS Bit Clock Ratio
HF1-11: Source TMDS Protocol - 6G Legal Codes v
HF1-12: TMDS Protocol - 6G - Basic Protocol and Scrambling o
HF1-13: TMDS Protocol - Scrambling <= 3.4Gbps I
HF1-21: TMDS Protocol - 6G - Legal Codes - other Video Timings |
HF1-22: TMDS Protocol - 6G - Basic Protocol and Scrambling - Other Video Timings &

~  Pixel Encoding
HF1-31: Pixel Encoding - YCBCR 4:2:0 - TMDS Pixel Encoding o
HF1-32: Pixel Encoding - YCBCR 4:2:0 Deep Color - TMDS Pixel Encoding |-

~  Video Timing
HF1-14: Video Timing - 6G - 2160p 24-bit Color Depth U
HF1-15: Video Timing - 6G -Deep Color v
HF1-16: Video Timing - 6G - 2160p 3D -
HF1-24: Video Timing - 6G - Other 24-bit Color Depth -
HF1-25: Video Timing - 6G - Other Deep Color 2
HF1-26: Video Timing - 6G - Non-2160p 3D 'v‘
HF1-33: Video Timing - YCBCR 4:2:0 .
HF1-34: Video Timing - YCBCR 4:2:0 Deep Color H
HF1-35: Video Timing - 21:9 (64:27) |- v

HDMI TMDS Test Results —Video Tests

|- Complisnce Test Results Viewer "

EDMI 2.1 Sro

B E=E=n

(2.0) Compliance Test Results
Results Name: HF1-25_VideoTiming_66_HFL-18_AV IF_6G
Date Tested: January 11, 2017 9:43 AM

Overall Status: SEFXEIZ™

Manufacturer: Teledyne LeCroy
Model Names Quanturn Data 780E
Port Tested: 1

Test Results

Test Name / Details
4 ]2 HF1-25: Video Timing - 6G - Other Deep Color

» @ Iter 01: (63) 1920x1080p & 120 Hz, DC - 36 bpp

» @ Tter 02: (64) 1920x1080p & 100 Hz, DC - 36 bpp

» @ Iter 03: (77) 1920x1080p € 100 Hz, DC - 36 bpp

» @ Iter 04: (78) 1920x1080p € 120 Hz, DC - 36 bpp

, @ Iter 05: (91) 2560x1080p & 100 Hz, DC - 36 bpp

» @ Iter 06: Any non-2160p DC Format, Max TMDS check

4 |2 HF1-18: AVI InfoFrame - 6G

» @ Iter 01: (96) 3840x2160p G 50 Hz

» @) Tter 02: (97) 3840x2160p € 60 Hz

, @ Iter 03: (101) 4096x2160p @ 50 Hz bass

. © Tter 04: (102) 4096x2160p & 60 Hz

4 @ Iter 05: (106) 3840x2160p € 50 Hz
01: Verify AVI InfoFrame occurs at least once per two Video Fields Pass
02: Verify AVI InfoFrame version is equal to 2
03: Verify AVI VIC is 0 for HDMI VICs
04: Verify AVI VIC is cerrect for non-HDMI VICs
05: Verify AVI PB1 bit 7 is 0
06: Verify AVI PB4 bit 7 is 0
07: Verify AVI PB14-DPB27 bytes ars 0

, @ Iter 06: (107) 3840x2160p @ 60 Hz Pass

. © Tter 07: (93) 3840x2160p @ 24 Hz, DC - 36 byp

» @ Iter 08: (94) 3840x2160p & 25 Hz, DC - 36 bpp

» @ Tter 09: (95) 3840x2160p & 30 Hz, DC - 36 bpp Pass

T[S S| |E
oo fo|uln|n
[y A

Open Capture
Instrument; | PG980 [10.30196.34] ~| & Continue Test Execution

[

HDMI TMDS Sink Compliance

The 980 48G module for HDMI Testing enables developers of
HDMI sink devices and silicon makers to run compliance tests
on their TMDS sink devices at up to 4K video resolutions. All
compliance test data, including the captured data, is
exportable and can be disseminated to colleagues and other
subject matter experts.

HDMI UHD TV

980 with 48G Protocol
Analyzer / Generator

THDE

HDMI TMDS sink
Compliance Tests

HDMI TMDS Sink — Partial List of Supported Tests

T HDMI TMDS Sink a]

Instrument:  MyM41h [10.30.196.32] =
CDF Entry e e
Select All
~ TMDS Protocol -
HF2-5: TMDS Protocol - 6G - Scrambling
HF2-9: TMDS Protocol - Scrambling <= 340Mcsc
«  Pixel Deceding
HF2-23: Pixel Decoding - YCBCR 4:2:0
HF2-24: Pixel Decoding - YCBCR 4:2:0 Deep Color
HF2-71: Pixel Decoding - YCBCR 4:2:0 for 861G Video Formats
HF2-72: Pixel Decoding - YCBCR 4:2:0 Deep Color for 861G Video Formats
~ EDID
HF2-10: Video Timing - 6G - HF-VSDB
HF2-26: EDID - Video Format Declaration
HF2-31: EDID - YCBCR 4:2:0 - Data Blocks
HF2-32: EDID - YCBCR 4:2:0 BT.2020 - Data Block
HF2-35: EDID YCBCR 4:2:0 Deep Color HF-VSDB
HF2-39: EDID 3D and Multi-stream Audio Data Blocks
HF2-41: HDMI VSDBs - Independent-View
HF2-53: EDID - HF-VSDB
HFR2-53: Sink Video Timing - FRL/Gaming/DSC - HF-VSDB
HFR2-70: Sink EDID - HF-VSDB Reserved Bits i
~ Timing 6G
HF2-6: Video Timing - 6G - 2160p 24-bit Color Depth o
~ HF2-7: Video Timing - 6G - Deep Color o .

€ g g 9 g

EOE A A

g <

HDMI TMDS Test Results — Video Tests

1=/ Compliance Test Results Viewer

HDMI 2.0 Sink (2.0) Compliance Test

Results Name: Test 1D_2-7_1
Date Tested: May 22, 2014 10:56 AM

Manufacturer: ACME
Model Name: XYZ

Overall Status: 8 EFAEN Port Tested: 1
Test Name / Details ()

4 |= HF2-7: Video Timing - 6G - Deep Color

> @ Iter 07: (93) 3840x2160p G 24 Hz 16:9, 30 bpp -
- @ Iter 08: (93) 3840x2160p € 24 Hz 16:9, 36 bpp -
> @ Iter 09: (93) 3840x2160p € 24 Hz 16:9, 48 bpp -

- @ Iter 10: (94) 3840x2160p € 25 Hz 16:9, 30 bpp -
> @ Iter 11: (94) 3840x2160p € 25 Hz 16:9, 36 bpp -
- & Iter 12: (94) 3840x2160p € 25 Hz 16:9, 48 bpp -
> @ Iter 13: (95) 3840x2160p € 30 Hz 16:9, 30 bpp -
- @ Iter 14: (95) 3840x2160p € 30 Hz 16:9, 36 bpp -
. @ Iter 15: (95) 3840x2160p € 30 Hz 16:9, 48 bpp -

Instrument: |980B_MKC [192.168.254.161] v || = Continue Test Execution




HDCP 2.3 SOURCE, SINK, REPEATER COMPLIANCE TESTS

HDCP 2.3 Compliance (TMDS) HDCP 2.3 Test Selection — List of Source Tests

The 980 HDCP 2.3 compliance tests are ideal for pre- “3“"”'””““'“””[ ] -8
. . . Instrument: MyM41h[192.168.1.21] + ne Cards
testing your HDMI® source, sink or repeater product prior e o r—
to submission to an Authorized Test Center for approval. e
. . . ~ with Receiver ~
Pre-testlng pl’OVIdes assurance that your DTOdUCt will pass > 1A-01: Regular Procedure: With previously connected Receiver (With stored Km) 7
H H > 1A-02: Regular Procedure: With newly connected Receiver (Without stored Km) i
at the ATC when SU.t.)mlttEd. The Compllance tests enable > 1A-03: Regular Procedure: Receiver disconnect after AKE_Init v
you to view the auxiliary channel analyzer traces logged » 1A-04: Regular Procedure: Receiver disconnect after Km v
. . . > 1A-05: Regular Procedure: Receiver disconnect after locality check i
durmg the test to help dlagnose the cause Of Comp“ance > 1A-06: Regular Procedure: Receiver disconnect after Ks v
test failures. HDCP source test examp|es are shown. > 1A-07: Regular Procedure: Receiver sends REAUTH_REQ after Ks v
> 1A-08: Irregular Procedure: Rx certificate not received. i
> 1A-09: Irregular Procedure: Verify Receiver Certificate v
v TA-10: Irregular Procedure: SRM &
s Iter 01: This test has been deprecated: Automatic Not Judged v
v 1A-11: Irregular Procedure: Invalid H' v
i - Iter 01: Invalid H' v
980 with s Iter 02: H' Timeout with previously paired Recv Id v
48G Protocol Ana|yzer / s Iter 03: H' Timeout with previously unpaired Recv Id v
Generator module > 1A-12: Irregular Procedure: Pairing Failure 7
HDMI Source v 1A-13: Irregular Procedure: Locality Failure v
- = Iter 01: Locality Failure v
= o Iter 02: Locality Timeout v
~ TX with Repeater
> 1B-01: Regular Procedure: With Repeater v .
[ouose |

HDCP 2.3 Test Results— Source Tests

1= Compliance Test Results Viewer

Results Name: HDMI_ HDCP_22 01 Manufacturer: [ HTML Repert

Date Tested: January 28, 2015 9:39 AM Model Name:
Overall Status: HEEE T I  Fort Tested: 1
Test Setup for HDCP Source
o  Test Name / Details Status
Compllance TeStS » |= 1A-01: Regular Procedure: With previously connected Receiver _
> 1= 1A-02: Regular Procedurs: With newly connected Receiver (With[ | Bass |
> |2 1A-03: Regular Procedure: Receiver disconnect after AKE Init
> ]2 1A-04: Regular Procedure: Receiver disconnect after Km
> |2 1A-05: Regular Procedure: Receiver disconnect after locality |
> ]2 1A-06: Regular Procedure: Receiver disconnect after Ks
» |2 1Aa-07: Regular Procedure: Receiver sends REAUTH REQ after Ks
a4 |= 1A-08: Irregular Procedure: Rx certificate not received.
4 9 Iter 01:

@ HPD Deasserted regular

© HPD Asserted regular

@ RX:UNAUTH

€ Warn:NO VIDEO Present

@ INFO RX UNAUTH:Rep:0 Cnt:0 Depth:0
® MSG:VERSION ts:0x0 us

© MSG:Encryption disabled !
i @ RCVD:ARE Init ts:0x118chbDa us
I = **Test Cond.+** skipCert

@ HDMI/VIDEO Present
© RCVD:AKE Init ts:0x1314070 us B
I @ **Test Cond.** ake init
@ Encryption Disabled

1A-09: Irregular Procedure: Verify Receiver Certificate
1A-11: Irregular Procedure: Invalid H'
1A-12: Irregular Procedure: Pairing Failure
1A-13: Irregular Procedure: Locality Failure
1B-01: Regular Procedure: With Repeater
1B-02: Irregular Procedure: Timeout of Receiver ID list
: Irregqular Procedure: Verify V'
1B-04: Irregular Procedure: MAX DEVS EXCEEDED
1B-05: Irregular Procedure: MAX CASCADE EXCEEDED
1B-06: Irregular Procedure: Incorrect seq num v
1B-07: Regular Procedure: Re-authentication on HDCP HPD
1B-08: Regular Procedure: Re-authentication on REAUTH REQ
1B-09: Irregular Procedure: Rollover of seq num V

10: Irregular Procedure: Failure of Content Stream Managem

mjian | anan i anEniEniEn oo
-
i
(=1
w

1B-

Instrument: | PGI80B [10 30196.27] i+ Continue Test Execution




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

HDMI 2.1-eARC RXx Analyzer / Generator

(A/V Receiver)

HDMI cable

eARC Rx Test Setup

HDMI 2.1 eARC Tx (UHD TV)

980 with 48G Protocol
Analyzer / Generator
>

HDMI cable
eARC Tx Test Setup

Auxiliary Channel Analyzer (ACA)

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 Dlscovery)

| [ AcA Data viewer -
Open Close Export Options Filter Find
 foARC.Tesi[ Evnts: 117
EARC EDMI-T61  400:15:20.981253 | *Invalid Sequence - Type: earc
EARC HDMI-T61 +00:15:20.981688 Write Start Time: +03:15:56.038971
Duration: 512 us

EARC HDMI-TE1  +03:15:51.287104  Read EARC_RX STAT
EARC HDMI-T61  403:15:51.287641  Write EARC_TX STAT 81
BARC HDMI-T61  +03:15:51.334933  Read EARC_RX

Read EARC_RX STAT 00
OxDO: EARC_RX_STAT

eARC Rx Test Functional Testing

Playback HDM

LPCM Monitor |

SPDIF Out )|
Status

Channel Count: 2

: no clock detected

eARC Compliance Testing

The 980 48G module enables developers of HDMI® eARC Tx
and Rx devices to run compliance tests on their eARC-
capable. The compliance tests 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.

& eARC Source CT 1.0 - o X
trument:  MyM41h[192.168.1.21] =
CDF Entry Test Selection Test Options / Preview |
Select All EXECUTE TESTS
~ Common Mode Regular &
HFR5-1-20: eARC Discovery With COMMA Width Margining i
HFR5-1-21: Command Behavior With Bit Time Margining
HFR5-1-22: TX gets <NACK> indicating eARC RX Busy
HFR5-1-23: TX gets Common Mode Slow Response
~ Common Mode Irregular
HFR5-1-24: eARC TX gets Timeout during Heartbeat
HFR5-1-25: eARC TX gets Heartbeat Disconnect
HFR5-1-26: eARC TX gets HPD LOW Disconnect
HFRS5-1-50: eARC TX Responds <RETRY> to Read Data Packet With Uncorrectable ECC Error
HFR5-1-55: eARC TX gets Heartbeat Failure during Discovery
~ CDS/Status
HFR5-1-35: eARC TX Reads Capabilities Data Structure at startup
HFR5-1-36: eARC TX Re-reads Capabilities Data Structure when CAP_CHNG->1
~  LPCM Protocol
v HFR5-1-28: eARC TX 2-channel LPCM Audio Packet Structure
« Iter 01: At least 1 basic 2ch/multi-ch audio format must be supported in the CDF: Automatic FAIL
v HFRS5-1-29: eARC TX Multi-Channel 2-channel layout LPCM Audio Packet Structure
« Iter 01: CDF_EARC_OP_CAN_CONTROL_AUDIO is ‘N': Automatic PASS(SKIP)
v HFR5-1-56: eARC TX Multi-Channel 8-channel layout LPCM Audio Packet Structure
+ Iter 01: CDF_EARC_OP_CAN_CONTROL_AUDIO is 'N': Automatic PASS(SKIP)
~  HFR5-1-58: eARC TX Multi-Channel 16-channel layout LPCM Audio Packet Structure
= Iter 01: CDF_EARC_OP_CAN_CONTROL_AUDIO = 'N'in the CDF: Automatic PASS(SKIP)
~ HFR5-1-59: eARC TX Multi-Channel 32-channel layout LPCM Audio Packet Structure
+ Iter 01: COF_EARC_OP_CAN_CONTROL_AUDIO = 'N'in the CDF: Automatic PASS(SKIP)
~  HPD/HDMI_HPD
v HFR5-1-38: eARC TX set HPD LOW when leaving Standby Test
» Iter 01: CDF_EARC_OP_CAN_CONTROL_TX_STANDBY ='N': Automatic PASS(SKIP) v v

[ciose ]

Bit Name Value Description
EARC EDMI-761  403:15:51.335469 | Write mARc mx smre1 & - %Y A
EAREB  EDMI-TE1  403:15:51.382963 || Heartbeats il 20,
EARC HDMI-T6L  +03:15:55.098946  Read EARC_RX STAT 1 = 0 Reserved
EARC  HDMI-T61 +03:15:55.099474 Write EARC_TX STAT 81 2 0  Reserved
EARHE HDMI-TE1  +03:15:55.146946 || Heartbeats 2 =5 CRE_CRNG ROy
4 sTAT_cmnc N(0)
10 EARC EDMI-T6L  403:15:55.250963  Read EARC_RX STAT 00 > S
11 EARC EDMI-T6L  +03:15:55.251502  Write BARC_TX_STAT 81 6 0 Reserved
HDMI-T61 403:15:55.298960 | Beartbeats 15 7 0 Reserved
mrml Packet Sequence
EARC HDMI-T6L  +03:15:56.039667  *Invalid Sequence
15  EARMB HDMI-T6L  403:15:56.087019 || Heartbeats 33 Pt et Sl
16 EARHP EDMI-T6L  +03:15:57.700106 || PD Falling Zdge PR Mo
17 EARMP EDMI-TEL  +03:15:58.114928 || HPD Rising Bdge 004: 5 C 04h Ack +24 us
ESEEREELTE N
19 EARCM  HDMI-T61 +03:15:58.134928 || Comma ON: 10.000 ms 006: S C 04h Ack 424 us
20 EARCM EDMI-T6L  403:15:56.154928 || Comma ON: 10.000 ms IS doncme | o
21 EARC EDMI-TEL  +03:15:58.166983  Read EARC_RX STAT 18 003: MC 208 step 437 us
22 EARC EDMI-T61  +03:15:58.167516  Write EARC_TX STAT 99 010: S C 04h Ack 424 us
23 EARC EDMI-T6l  +03:15:58.214946  Read EARC_RX STAT
24 EARC EDMI-TEL  +03:15:58.215474  Write EARC_TX STAT 99 (4/5 = Master/Slave, C/D = Command/Data)
25  EARC MDMI-T6L  403:15:58.262954  Read EARC_RX STAT
i [d <« > 13: read e AT ¢

Sample eARC Test Results (eARC Rx Tests

A Al === Sl

15! Compliance Test Results Viewer

attice [ HTML Report

Results Name: AA_eARC_Rx_Complete MB Manufacturer
Date Tested: August 13, 2018 11:14 AM Model Name: eval
Overall Status: SEFNEI NN  Fort Tested: 1
Test Name / Details Status =
4 |5 HFR5-2-20: eARC Discovery With COMMA Response Margining Pass
@ ter ou: [ rees |
» © 01: HFRS 2 20 1: Fastest legal COMMA response
02: HFR5 2 20 2: Slowest legal COMMA response
4 |= HFR5-2-21: Command Behavior With Bit Time Margining Pass
@ rier on: .
0i: HFRS 2 21 1: Shortest Bit Time, Earliest Middle Edge
02: HFRS 2 21 2: Shortest Bit Time, Latest Middle Edge | pass |Gl
03: HFR5 2 21 3: Longest Bit Time, Earliest Middle Edge
04: HFR5 2 21 4: Longest Bit Time, Latest Middle Edge
| HFR5-2-22: Behavior if no response to eARC Discovery Pass
{= HFR5-2-23: eARC RX gets Unexpected Device ID Pass
- HFR5-2-24: eARC RX gets new Opecode in the middle of a Command pass I
- HFR5-2-25: eARC RX gets Heartbeat Disconnect Pass
» = HFR5-2-26: eARC RX gets HPD LOW during eARC Discovery Pass
> J' HFR5-2-27: eARC RX gets HPD LOW after eARC established Pass
|- HFRE-2-53: eARC RX Receives <RETRY> indicating eARC TX Error Detection Pass i
4 ]2 HFR5-2-29: eARC RX 2-channel layout LPCM Audio Mute Pass |
4 8 Tter 01:
01: HFR5 2 28 1: 32kHz CSE Z-channel, 16é-bit sample indicated ([0,1,0 EEEEEE
02: HFR5 2 28 2: 32kHz CSB Z-channel, word length not indicated ([0,0 ECEE
03: HFR5 2 29 3: 32kHz CSB 2-channel, word length not indicated ([1,0EBZEEEE ||
04: HFRS 2 29 4: 32kHz CSE Multi-channel, 16-bit sample indicated ([0 IEZEEEIN |
05: HFR5 2 29 5: 32kHz CSB Multi-channel, word length not indicated ([IEEEE
06: HFRS 2 29 6: 32kHz CSB Multi-channel, word lsngth not indicated ([EZEEE ||
4 |= HFR5-2-30: eARC RX Multi-channel 8-channel layout LPCM Audio Mute Pass
@ 1rer 01: [ e |
4O 01: HFRS 2 30 1: Multi-channel 48kHz 8-channel audio

© Tteration 1, Send 8 channels of audio
© Collecting data for 5000ms
° Collected 2900 events -

Open ACA Data

Instrument: | 558308 [10.30.196.70] w | - Continue Test Execution
i
I |




DISPLAY STREAM COMPRESSION (DSC) TESTING

Display Stream Compression Video Generation Display Stream Compression Video Analysis
The 980 48G module enables developers of HDMI® DSC- The 980 48G module enables developers of HDMI DSC-capable
capable sink devices and silicon makers to run Display source devices and silicon makers to run Display Stream

Stream Compression (DSC) functional and compliance tests ~ Compression (DSC) functional and compliance tests on their FRL-
capable source devices by rendering compressed, unencrypted or

encrypted FRL streams at up to 8K video resolutions at lane rates
up to 12Gb/s. There is a new “No Video” mode that enables you
quickly verify the incoming DSC timing and metadata. You can
then choose to view the uncompressed video frames.

DSC Real Time Analysis

on their FRL-capable display devices by rendering
compressed, unencrypted or encrypted FRL streams at up
to 8K video resolutions at lane rates up to 12Gb/s. The test
patterns and formats necessary to run the DSC sink
compliance tests are pre-cached for fast rendering.

HDMI FRL, DSC-Capable UHD TV

980 with 48G Protocol

Analyzer / Generator

module for HDMI Testing
o1

980 with 48G Protocol
Analyzer / Generator

. . : module for HDMI Testin
DSC Video Generation Selection HDMI 2.1 Source —— 4

@l Generator - o x

. @ Output Disconnect
Refresh
Format Pattern Audio
CTA  VESA | Folder Lists = EDID
Resolution Vtotal Frame Rate Aspect 4320p60 J
240p2x  240pdx 24m1001 24 Ratio AL &
28Bp2x  288pdx 25
480p 30/1.001 30
4B0p2x  480i2x 481001 43 6427 Test Setu p for
480pdx  480idx 50
575 conon [0 gox Source Test
576p2x 57602 100
576pdx | 576idx 120/1.001 | 120
720p
1080p  1080i
21600 ([[EE H H
Sample DSC Sink Compliance Test Results
[ | Compliance Test Results Viewer T T I a ®
- = . S ‘ FRL Sink Compliance Test Results
LEOREES G A Gl EETEER HTMLReport  Instrument: MyM41h[10.30.196.32] = CONTINUE TEST EXECUTION
. Results Name: MyDSC_VIC196Test2 Manufaciurer: Acme
Date Tested: June 29, 2020 6:00 PM Model Name: XYZ
Overall Status: Incomplete Port Tested: 1
~ @ Iter 05: (196) 7680x4320p @ 30 Hz 16:9, RGB, 10 bpc - 1 =
DSC Video Generation Setup Step 2.1, 2.2: Forrmat is in the EDID and COF
Step 2.3: CDF field Sink_Supports_DSC matches the DSC_1p2 EDID field
@ Generatar - o x Step 2.4: CDF field Sink_DSC_10bpc matches the DSC_10bpc EDID field
) Step 2.4: CDF field Sink_DSC_12bpc matches the DSC_12bpc EDID field
Disconnect ,
SmpreBar ) ® Step 2.5 DSC_16bpe field in the EDID is not set (=0)
£anas Frog. . e Refresh Step 2.6: CDF field Sink_DSC_Native_420 matches the DSC_Native_420 EDID field
Pattem o0ls eARC Master + - 01:6Gbps @ 3 Lanes, MIN Pixel Clock
_Ds¢ e ~ & 02:6@bps @ 3 Lanes, MAX Pixel Clock
[BLN Off 48G Generator « Manual inspection of the DUT indicated inadeguate support of the test signal
HDMI 03: 12 Gbps @ 4 Lanes, MIN Pixel Clock “
CVTEM Parameters ~ 0 04: 12 Gbps @ 4 Lanes, MAX Pixel Clock
Compressed: Yes . Manual inspection of the DUT verified adequate support of the test signal
Slice Height: 2160 ~  Iter D6: (196) 7680x4320p @ 30 Hz 16:9, RGB, 12 bpe = 1 PASS
Slice Width: 960 Step 2.1, 2.2: Format is in the EDID and CDF
Bits/Component: 8 Step 2.3: CDF field Sink_Supports_DSC matches the DSC_1p2 EDID field
Bits/Pixel. 159.00000 Step 2.4 CDF field Sink_DSC_10bpc matches the DSC_10bpc EDID field
Chunks: 1193 Step 2.4: CDF field Sink_DSC_12bpc matches the DSC_12bpc EDID field
Pixel Rate: 877.008 MHz Step 2.5: DSC_16bpc field in the EDID is not set (=0)
Step 2.6: CDF field Sink_DSC_Native_420 matches the DSC_Native_420 EDID field
«~ . 01: 6 Gbps @ 3 Lanes, MIN Pixel Clock PASS -
ter 06: (196) 7680x4320p @ 30 Hz 16:9, RGB, 12 bpc




SPECIFICATIONS

HDMI Ports

Version
Standard Formats

Connector

Protocols

FRL bit rates
Max Reslution
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
Protocol Analysis license
Passive DDC monitoring
Functional test for HDR Lab
Functional test for eARC Tx
Functional test for eARC Rx

Compliance for eARC Tx

Compliance for eARC Rx
Functional & Comp. DSC source tests
Functional & Compliance DSC sink
Compliance FRL sources
Compliance FRL & DSC sinks
Compliance TMDS sources
Compliance TMDS sink
Compliance HDCP 1.4 sources
Compliance HDCP 2.3 sinks
Compliance HDCP 2.3 sources
Compliance HDCP 2.3 repeater

980B Test Platform

Embedded Display
Power

Weight

Size

Command Line Control
Environmental

"“ TELEDYNE LECROY

Everywhereyoulook”

1-800-909-7211
teledynelecroy.com

HDMI®2.1a

CEA, VESA

Rx HDMI Type A; Category 2

Tx HDMI Type A: Category 2

Note: Connectors are not approved Category 3 connectors
FRL with FEC, DSC; HDCP 2.3, TMDS

3Gbps; 6Gbps; 8Gbps; 10Gbps; 12Gbps (48Gbps aggregate)
Up to 8K and 10K with DSC compression

16b/18b

HDCP 1.4 and 2.3

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 LTP5 through LTP8

Supports link training with an FRL source in accordance with states defined
in the HDMI 2.1 specification

Transmits Fixed Rate Link (FRL), FEC data streams and TMDS streams.
3 & 4 lane configurations are supported
Supports LTP5 through LTP8

Supports link training with an FRL sink in accordance with states defined
in the HDMI 2.1 specification

Transmits Fixed Rate Link (FRL) and FEC data streams and TMDS streams
Analyzes Fixed Rate Link (FRL) and FEC data streams and TMDS streams
Passive DDC monitoring in FRL mode (requires custom cable)

HDR Lab test patterns and images for testing HDR10 updated for 8K
Emulate eARC Rx to run tests on an eARC Tx common & differential modes
Emulate eARC Tx to run tests on an eARC Rx common & differential modes
Run full compliance test on an eARC Tx (all tests supported)

Note: HF5-1-51 test requires 980 18G Video Generator which has been discontinued
Run full compliance test on an eARC Rx (all tests supported)

Run functional & compliance tests for Display Stream Compression sources
Run functional & compliance tests for Display Stream Compression sinks
Run full suite of FRL source compliance tests.

Run full suite of FRL & DSC sink compliance tests

Run full suite of TMDS source compliance tests

Run full suite of TMDS sink compliance tests

Run full suite of HDCP 1.4 source compliance tests

Run full suite of HDCP 2.3 sink compliance tests

Run full suite of HDCP 2.3 source compliance tests

Run full suite of HDCP 2.3 repeater compliance tests

15" diagonal; Resolution: 1024(H); x 768 (V) resolution; 24-bit RGB color
90-264 VAC, 47-63Hz

23.76 LBS; 10.78 Kg

Height: 15.25 in. (88.7 cm) Width: 14.57 in. (36.5 cm) Depth: 6.29 in. (15.9 cm)
Ethernet (RJ-45) for external GUI and telnet

Operating Temp: 32 to 90 (F); 0to 32 (C)

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

©2023 Teledyne LeCroy. All rights reserved. Specifications, prices, availability ana ueuvery supject to change without notice.
Product or brand names are trademarks or requested trademarks of their respective holders. v0730

The terms HDMI, HDMI High-Definition Multimedia Interface, HDMI trade dress and the HDMI Logos are trademarks or registered trademarks of HDMI Licensing Administrator, Inc.
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