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HDMI 2.1 Fixed Rate Link (FRL) w/ Forward Error Correction (FEC)
Entry Level Functional Tester Upgradable to Full Compliance

Key Features

Verify the 16b/18b encoding for Fixed
Rate Link (FRL) Packets in both 3 and 4
lane configurations

Use generator or analyzer in three (3) Lane
configuration mode at 3Gbps & 6Gbps
data rates and four (4) Lane
configurations at 6Gbps, 8Gbps, 10Gbps
and 12Gbps (48Gbps aggregate)

Video generator function supports TMDS
and FRL for video resolutions up to 8K at
1485MHz pixel rates

View captured 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 (including FEC
characters) mapping into Super Blocks

Run complete suite of FRL source & sink
compliance tests

Run eARC the full suite of compliance
tests on an eARC Tx or Rx device; all tests
supported

Run complete suite of TMDS source & sink
compliance tests

Run complete suite of HDCP 2.3 source,
sink & repeater compliance tests

View TMDS video and protocol elements,
data island blocks, preamble data and
sync control elements

Monitor of FRL Link Training transactions
in the Auxiliary Channel Analyzer (ACA)
utility to show SCDC reads and writes over
the DDC channel

View Lane Error Counts and Reed Solomon
Corrections Count in the SCDC CED
registers

Verify the eARC common mode channel on
either an eARC Tx or Rx device

Provides an extensive command line API
to support automated testing

The Teledyne LeCroy quantumdata M41h 48Gbps Video
Analyzer / Generator for HDMI Testing is a compact, versatile
test instrument that can be easily extended from an entry level
functional tester to a full certified compliance tester. The M41h
is equipped with both HDMI Tx and Rx ports supporting HDMI 2.1
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.
The M41h also supports the full suite of FRL source and sink
compliance tests as well as Enhanced Audio Return Channel
(eARC) compliance testing for both Tx and Rx devices. An

extensive Application Programming Interface (API) is supported for
automated testing systems available thru a command line interface.
P Mgr

Operation

The M41h supports video generation
and analysis of the FRL/FEC HDMI data
streams through the user friendly GUI
Manager which presents the data in an | eEEES al—
easy to under-stand way. The GUI can be e - -, q
controlled either via a laptop connected ’
to the M41h RJ45 LAN port or through a
USB keyboard and mouse and a
connected UHD HDMI admin display.

Admin display for AT

M41h 48Gbps
Video Analyzer /
Generator
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Keyboard &
mouse for ATP
Manager control



FIXED RATE LINK (FRL) CAPTURE/DECODE ANALYSIS

Capture and Decode (FRL & FEC) Capture Showing SCDC, FRL & TMDS Elements
The M41h analyzer captures and decodes incoming HDMI [Ceee e e ——— —_

2.1 streams that have been packetized with FRL packet
structures. These FRL-related data elements are depicted
graphically in the Event Plot . The decoded data and the
raw data is shown in table form in the Data Decode
window. The Forward Error Correction (FEC) characters
are also shown as well. The module reports the Lane Error
Counts and the FEC Reed Solomon Corrections Count in
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the SCDC CED registers. The underlying TMDS video and T oam - i — —
protocol elements such as the active video, data island 0 f,:;;;;,gg;;; : Pom ;:;;,:zmw::; E
and preamble blocks, are also depicted and decoded. Each || S — Hom e
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element is assigned a precise time stamp. Users can
search and filter the FRL captured data by type.
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FIXED RATE LINK (FRL) LINK TRAINING ANALYSIS

Link Training

The M41h supports Link Training configuration and
control. 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.

Admin
Display for
ATP Manager

HDMI 2.1
FRL-Capable
Source device

under test

Test Setup for Source Test

Auxiliary Channel Analyzer

You can use the M41h 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)

(48.81 kbpa)

Kbps)
e 0 21 {48,851 Kbps)

W Update 0 10 (48.81 kips)

EDID Decode
EDID Comp
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Generator Link Training Status & Control Screen
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HDMI 2.1 RX/TX Protocol Analyzer RX - Card 6 - IN/IRX

Lanes aligned:YES
FRL PLL LOCKED:YES

Lane0:

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
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Pattern Error:NO

FRL Lane lock lost:NO

Lane3:

Out Of Lock:NO
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FIXED RATE LINK (FRL) VIDEO GENERATION

FRL Video Generation Selection of FRL and TMDS Video Resolutions

The M41h for HDMI Testing enables developers of HDMI : - B -
and TMDS FRL-capable sink devices and silicon makers to ‘
run functional tests on their FRL-capable display devices

by rendering uncompressed, unencrypted FRL streams at = : S
up to 8K video resolutions at lane rates up to 12Gb/s and o= | R hoer |
at an aggregate link rate of 48Gb/s and up to pixel rates of x| T aanoor ]
1485MHz. The enhanced video generator function enables ] :
specific selections of video formats, colorimetry, bit depth, —1

chroma subsampling, color space and test patterns. b om

1080p | [ O 1080i Card 6

Card 3

P 486 Generator
576i2x | HDMI
Card 3

[ Left to Right &
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Aucxiliary Channel Analyzer (ACA)

‘ . . You can use the M41h to monitor the Link Training

The M41h's video generation function enables you to transactions—EDID exchange and reads and writes to the
configure the lane rate and number of lanes for transmission  gcpe registers over the DDC channel--with the Aux Channel
of the FRL stream. Analyzer utility. The FRL link training transactions enable
EDID Read developers to verify that their displays are properly conducting
their role in the link training process.

Link Training Configuration

The M41h enables you to view the EDID of the connected

display (below). You can page through each block and save Auxiliary Channel Analyzer (Link Training)
for later viewing.
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eARC FUNCTIONAL AND COMPLIANCE TESTING

eARC Functional Testing

The 48G Video Analyzer / Generator 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.)

HDMI 2.1
eARC-Capable
UHD TV DUT

“PRTELEDYNE LECROY

Host PC
for ATP
Manager

eARC Tx Test Setup

(eARC Rx Test
Setup not shown)

Auxiliary Channel Analyzer (ACA)

The M41h 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 " ] Events: 19 D |

+Invalia sequence
Read EARC_RX_STAT 00
Write EARC TX STAT 81
Read EARC_RX_STAT 00

[T A Data Viewer

Value Description

/S - Master/siave, C/D - Commana/Data)

HED Falling Bdge N0}y = Dota
HED Rising Bdge 1 0  Reserved
2 0 Reserves a
3 car_cmns X
4 STAT cENG i1y
| 5 0 Reserves R
[ ‘ 0 Reserved
| Write EARC TX STAT 83 - o meeeeee
| Eacket Sequence:
| || Clear
| 00L: M C OinReas 40 us
| o02: S € Dan Ack +24 us -
003: M D Tan +29 us
| 004: S € 04h Ack +24 us
| o05: M D Dan +31 us ]
il Bl vrite EARC TX_STAT 81 006: § ¢ Odb Aok +24 us | Export
| 007: M C 10m Cont 429 us
| oo8: 5 D 18n +24 us
| 003: M zom stop 429 us
| 010: S € Dah Ack +24 us
|
|
|
|

Oz T R

48G Playback HDMI Card 1 - eARC RX

.\ g P

SPDIF Out
Status
2
44.1 kHz

16 bits

2 no clock detected

eARC Compliance Testing

The M41h 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.

Test Suite (eARC Tx Test Suite Example Shown

3 eARC Source CT 10 o Ee
3 COF Entry [ 17 TestSelection| = Test Options / Preview
B Instrment: | S33808 [10.3096.39] = st T 8 i
Category / Test Mame v
4 * Common Mode Reqular
I" HFR5-1-20: eARC Discovery With COMMA Width Margining W
|" HFR5-1-21: Command Behavior With Bit Time Margining v
I" HFR5-1-22: TX gets <MACK> indicating eARC RX Busy W
HFRS-1-23: TX gets Common Mode Slow Response v
+ © comnmon Mode Irreqular
HFR5-1-24: &ARC TX gets Timeout during Heartbeat v
HFRE-1-25: eARC TX gets Heartbeat Disconnect W
HFR5-1-26: @ARC TX gets HFD LOW Disconnect v
HFRE-1-50: eARC TX Responds <RETRY> to Read Data Packet With Uncorrectable ECC Error W
HFR6-1-55: GARC TX gets Heartbeat Failure during Discovery v
4 - cps/status
|° HFR5-1-35: @ARC TX Reads Capabilities Data Structure at startup
I* HFR5-1-36: @ARC TX Re-reads Capabilities Data Structure when CAP CHNG->1
+ * LPCM Protocol
|° HFR5-1-26: @ARC TX 2-channel LPCM Audio Packet Structure v
I* HFR5-1-29: @ARC TX Multi-Channel 2-channel layout LPCM Audio Packet Structure ¥
|° HFR5-1-56: @ARC TX Multi-Channel B-channel layout LPCM Audio Packet Structurs v
I* HFR5-1-58: eARC TX Multi-Channel 16-channel layout LPCM Audio Packet Structure ¥
|* HFR5-1-59: eARC TX Multi-Channel 32-channel layout LECM Audio Packet Structure v
+ © HPD/HDMI HED
|" HFR5-1-3B: eARC TX set HPD LOW when leaving Standby Test v
|" HFR5-1-39: eARC TX EDID Update and HDMI HPD Test W
HFRS-1-51: &ARC TX EDID Update and HPD on CDS Change Test v
+ » Lip-svnc
| HFR5-1-37: eARC TX Re-reads ERX LATENCY when STAT CHNG->1 W
* Iter 01: CDF_BARC_LIPSYNC_SUFFORT - 'N': AUUONAT1C PASS(SKIF) 4
4 © LPCM Rate/Content
| HFR6-1-32: GARC TX 2-ch. PCM Audio Rates v
|- BFR5-1-33: o @l 2-channel layout LPCM Audio Rates v
I= HFR5-1-34: @ 1 Allocation Field v
I* HFR5-1-57: @ARC TX Multi-channel B-channel layout LPCM Audio Rates v
|* HFR5-1-60: @ARC TX Multi-channel 16-channel layout LPCM Audio Rates
I° HFR5-1-61: @ARC TX Multi-channel 32-channel layout LPCM Audio Rates
4 * Rudio
|° HFR5-1-30: eARC TX Behavior on Audio Format Change v
I* HFR5-1-62: eARC TX Sends Audio from all Sources over eARC v
4 » Compr. Audio
4 |" HFR5-1-27: eARC TX Compressed Layout A Audio Packet Structure W
s Iter O1: CDF_BARC_OP_CAN_CONTROL_COMPRESSED_AUDIO = 'N': Amtomatic PASS(SKIF) v
|" HFR5-1-40: eARC TX Compressed Layout B Aundio Packet Structure W
s Iter 01: CDP_BARC_OF_CAN_CONTROL_COMPRESSED_AUDIO — 'N': AUTomAtic PASS{SKIF) v M
I

Sample eARC Test Results (eARC Rx Tests Shown)
=

1= Compliance Test Results Viewer

Results Name: A/ eARC_Rx_Complete_MB
Date Tested: August13, 201811:14 AM

Manufacturer: Lattice
Model Name: eval

(4 HTML Report

Overall Status: BRI N  Fort Tested: 1
Test Name / Details Status |~
4 |5 HFR5-2-20: eARC Discovery With COMMA Response Margining Pass
@ 1ter 01
» © 01: HFRS 2 20 1: Fastest legal COMMA response
» © 02: HFRS 2 20 2: Slowest legal COMMA response
4 ]= HFR5-2-21: Command Behavior With Bit Time Margining .~ Pass
2@ zter o1 |
» © Ql: HFRS 2 21 1: Shortest Bit Time, Earliest Middle Edge I
» & 02: HFRS z 21 2: Shortest Bit Time, Latest Middle Edge | pass [ !
» © 03: HFRS 2 21 3: Longest Bit Time, Earliest Middle Edge I
» © 0d: HFR5 2 21 4: Longest Bit Time, Latest Middle Edge I
» |2 HFR5-2-22: Behavior if no response to eARC Discovery | Pass | ||
b FR5-2-23: eARC RX gets Unexpected Device ID eassi| |||
b FR5-2-24: eARC RX gets new Opcode in the middle of a Command Eeassi| |||
b FR5-2-25: eARC RX gets Heartbeat Disconnect . pass
> FR5-2-26: eARC RX gets HPD LOW during eARC Discovery . pass
b FR5-2-27: eARC RX gets HPD LOW after eARC established . pass
b FR5-2-53: eARC RX Receives <RETRY> indicating eARC TX Error Detection [l Bass . |
4 |= HFR5-2-29: eARC RX 2-channel layout LPCM Audio Mute Deassoy ||
+ @ reer o1 [ e M
» © 01: HFRS 2 28 1: 32kHz CSB Z-channel, 16-bit sample indicated ([0,1,0 [ IBECCIN |
» & 02: HFRS 2 29 2: 32kHz CSB Z-channel, word length not indicated ([0,¢ I ||
» © 03: HFR5 2 28 3: 32kHz CSB 2—channel, word length not indicated ([1,0 I ||
» © 04: HFRS 2 29 4: 32kHz CSB Multi-channel, 16-bit sample indicated ([0[RI i
» © 05: HFRS 2 29 5: 32kHz CSB Multi-channel, word length not indicated ([ ||
» O 06: HFRS 2 29 6: 32kHz CSB Multi-channel, word length not indicated ([EZEEEE ||
4 | HFR5-2-30: eARC RX Multi-channel 8-channel layout LPCM Audio Mute I
4@ Tter 01: i
4 © 0l: HFRS 2 30 I1: Multi-channel 46kHz §-channel audio [
© Iteration 1, Send 8 channels of aundio
@ Collecting data for 5000ms
@ Collected 2900 events -
Open ACA Data Vith CO Margining [
Instrument: | 559808 [10.30.196.70] w| 1 Continue Test Execution |
[ B




FIXED RATE LINK (FRL) SOURCE COMPLIANCE

FRL Source Compliance Testing

The M41h 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 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.

Admin
Display for
ATP Manager

HDMI 2.1
FRL-Capable
Source
device under

Test Setup for Source Test

Sample FRL Source Compliance (Link Training Tests)

Compliznce Test Results Viewer ||| w

Results Name: My FRL LT
Date Tested: March 16, 2019 6:15 PM

Overall Status: HEFRTI

Manufacturer: ACME
Model Name: XYZ

Port Tested: 1

Test Results.

Test Name / Details
“ HFR1-12: Scurce FRL Protocol - Successful FRL Link Training
4@ 1ter 01:

[N

oo oo

=

(BRI

o

urce FRL Link Trai

Source FRL Protocol - FRL Link Training - Link Rate Change

G

/SDB befor:

g O e

s

-
[P

.
N

o i St
HFR1-17:
@ reer 01:

-

Instrument: | 59608 [10.30196.70] | & Continue Test Brecution

Selection of FRL Source Compliance tests

$5980B [10.30.196.70]

24 CDFEntry |4/ Test Selection| » Test Options / Preview |

Test List
Duration
> Category / Test Name 4 il
4 © Protocol
» |2 HFR1-11: Source FRL Protocol - Legal Codes
» |2 HFR1-19: Source FRL Packets - FRL Map Characters
» = HFR1-20: Source FRL Packets - FRL Control Periods
» |2 HFR1-21: Source FRL Packets - Active Video FRL Packets (Uncompressed)
» |2 HFR1-23: Source FRL Protocol - Data Flow Metering Variations
4 © Link Training
» |2 HFR1-12: Source FRL Protocol - Successful FRL Link Training
» |2 HFR1-13: Source FRL Protocol - FRL Link Training - Link Rate Change
» 1= HFR1-17: Source FRL Protocol - FRL Link Training - Future Rate Support
« I 8bpc Encoding
» |2 HFR1-29: Source Pixel Encoding (FRL Mode) - RGB
> |2 HFR1-30: Source Pixel Encoding (FRL Mode) - YCBCR 4:2:2/4:4:4
» |- HFR1-31: Source Pixel Encoding (FRL Mode) - YCBCR 4:2:0

4 © DC Encoding

|= HFR1-27: Source Pixel Encoding
|2 HFR1-32: Source Pixel Encoding
4 © 8bpc Timing

(FRL Mode) - Non-YCBCR 4:2:0 Deep Color
(FRL Mode) - YCBCR 4:2:0 Deep Color

» |2 HFR1-14: Source Video Timing (FRL Mode) - Sub-2160p 24-bit Color Depth
> |= HFR1-24: Source Video Timing (FRL Mode) - 2160p 24-bit Color Depth
» {= HFR1-33: Source Video Timing (FRL Mode) - YCBCR 4:2:0
» |2 HFR1-50: Source Video Timing (FRL Mode) - 4320p 24-bit Color Depth
4 ¥ DC Timing
» |2 HFR1-15: Source Video Timing (FRL Mode) - Sub-2160p Deep Color
» 2 HFR1-25: Source Video Timing (FRL Mode) - 2160p Deep Color
» |= HFR1-34: Source Video Timing (FRL Mode) - YCBCR 4:2:0 Deep Color
» |2 HFR1-35: Source Video Timing (FRL Mode) - 4320p Deep Color
4 © 3D Timing
» = HFR1-16: Source Video Timing (FRL Mode) - 2160p 3D
» |2 HFR1-26: Source Video Timing (FRL Mode) - Non-2160p 3D
<  Marketing
> |2 HFR1-MFN: Source Video Timing (FRL Mode) - Marketing Feature Names
4 Audio
» |2 HFR1-40: Source Audio Encoding (FRL Mode) - CTA-861-C Audio
» = HFR1-43: Source Audio Encoding (FRL Mode) - HBR Audio - IEC Audio Stream Packet
» |2 HFR1-44: Source Audio InfoFrame (FRL Mode) - 3D and MS Audio (One Bit) - Supported W
» |2 HFR1-45: Source Audio Channel Status (FRL Mode) - Basic Audio - Allowed Rate
> |= HFR1-46: Source Audio Encoding (FRL Mode) - Audio Clock Generation

» |2 HFR1-36: Source Audio Encoding (FRL Mode) - 3D Audio (L-PCM) - Packet Format
» = HFR1-37: Source Audio Encoding (FRL Mode) - 3D Audio (One Bit) - Packet Format
» | HFR1-41: Source Audio Encoding (FRL Mode) - 3D Audio - TEC Sample Packet

T
=
3
4
o
3

(FRL Mode) - MS Audio (L-PCM and 61937) - Packet For
(FRL Mode) - MS Audio (One Bit) - Packet Format

Source Audio Encoding
Source Audio Encoding

4 © AVI-IF/GCP

@
2
¢
N e N T e e e T A S S S S R S SR S R S G

» | HFR1-18: Source AVI InfoFrame and GCP (FRL Mode) - Legacy 2160p
» |2 HFR1-28: Source AVI InfoFrame and GCP (FRL Mode) - Legacy Non-2160p
» |2 HFR1-51: Source AVI InfoFrame for Y420VDB and Y420CMDB (FRL Mode)
» 2 HFR1-52: Source AVI InfoFrame and GCP (FRL Mode) - YCBCR 4:2:0 BT.2020
4 EDID
» |- HFR1-66: Source EDID Reading - VESA E-EDID 1.3 B

]

Sample FRL Source Compliance (Protocol Tests)

1= Compliance Test Results Viewer

Results Name: XLN_LT_MOL 1119 Prev
Date Tested: October 24, 2018 3:50 PM
Overall Status: EEFATEIZTS

b Test Name / Details
4 ]2 HFR1-11: Source FRL Protocol - Legal Codes
2@ Tter 01: FRL 3 Lane Mode
® Trained at: (2) 6 Gbps G 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 G 4 Lanes
I © 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 asscciated with this test case.
I © 04: $SB/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
(2) 6 Cbps € 3 Lanes

Manufacturer: xilinx
Model Name: hdmi2.1
Port Tested: 1

[0 HTML Report

5 Trained at:

© 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@ Iter 02 Lowest FRL Rate in 4 Lane mode

» Trained at: (5) 10 Gbps G 4 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.




FIXED RATE LINK (FRL) SINK COMPLIANCE

FRL Sink Compliance Testing

The M41h for HDMI Testing enables developers of HDMI FRL-capable
sink devices and silicon makers to run compliance tests on their FRL-
capable sink devices with FRL streams at up to 8K video resolutions at
lane rates up to 12Gb/s and at an aggregate link rate of 48Gb/s and
pixel rates up to 1485MHz. All compliance test data, including the
captured data, is exportable and can be disseminated to colleagues
and other subject matter experts.

Selection of FRL Sink Compliance tests

&3 FRL Sink CT 2.1b

ss@ens [10.30.196.70]
2 CDF Entry | 7 TestSelection|  Test Options / Preview |

Test List
I+ Category / Test Name v
4 ¥ CED
» |2 HFR2-17: Sink FRL Protocol - CED - Lock Bits HDMI 2.1

0]

HFR2-18: Sink FRL Protocol - CED - Error Counting During Reads

> 1
» | BFR2-19: Sink FRL Protocol - CED - Specific Video Data Error Injection FRL-capable
» |2 BFR2-20: Sink FRL Protocol - CED - Maximum Video Data Error Injection
» |" HFR2-21: Sink FRL Protocol - CED - Update Flag with Specific Error Injection UHD TV DUT
» |- HFR2-22: Sink FRL Protocol - CED - Update Flag with Maximum Error Injection

4> RS

HFR2-48: Sink FRL Protocol — RS - Basic Operation

HFR2-49: Sink FRL Protocol — RS - Correction Counting During Reads

HFR2-50: Sink FRL Protocol - RS - Maximum Symbol Error Count

HFR2-51: Sink FRL Protocol — RS - Update Flag with Specific Symbol Error Count
HFR2-52: Sink FRL Protocol — RS - Update Flag with Maximum Symbol Error Count

T 7 £ £

« I 8bpc Decoding
» | HFR2-31: Sink Pixel Decoding (FRL Mode) - RGB
» | HFR2-32: sink Pixel Decoding (FRL Mode) - YCBCR 4:2:2/4:4:4
» | HFR2-23: Sink Pixel Decoding (FRL Mode) - YCBCR 4:2:0
+  DC Decodina
» | HFR2-33: Sink Pixel Decoding (FRL Mode) - Non-YCbCr 4:2:0 Deep Color
» | HFR2-24: Pixel Decoding (FRL Mode) - YChCr 4:2:0 Deep Color
+ © 8bpc Timina
» | HFR2-11: Sink Video Timing (FRL Mode) - Sub-2160p 24-bit Color Depth
» | HFR2-12: Sink Video Timing (FRL Mode) - 2160p 24-bit Color Depth
» |2 HFR2-13: Sink Video Timing (FRL Mode) - 4320p 24-bit Color Depth
4 © DC Timing

HFR2-14: Sink Video Timing (FRL Mode) - Sub-2160p Deep Color
HFR2-15: Sink Video Timing (FRL Mode) - 2160p Deep Color
HFR2-16: Sink Video Timing (FRL Mode) - 4320p Deep Color
4  MS Audio

» | HFR2-30: Audio Decoding and Rendering (FRL Mode) - Multi-stream Audio (L-PCM and
4 © EDMI-VSIFs

» | HFR2-40: HDMI-VSIFs - Dual View

» | HFR2-43: HDMI-VSIFs - 3D OSD Disparity
4 » EDID

» |2 HFR2-53: Sink Video Timing - FRL/Gaming/DSC - HF-VSDB

b iE HFR2-70: Sink EDID - HF-VSDB Reserved Bits

\
. ]

Host PC
for ATP
Manager

i £

Sink CT Test Setup

AL U R A S S S S S SR S SRR SR G

Sample Test Results of FRL Sink Compliance tests

Momrare W T ——— N . - o |
e e e ——————— et

| Resuits Mames: VK85, 48 Fu Mantactures: o LI HTML Repert

| Date Testod: December 11, 318 11:14 &M Model Name: 580
Overall Status: T T, o Tt £
Test Name / Details status -

+|" BFR2-48: sink FRL Protocol - RS - Basic Operation
+ @ Iter 01: 3 Lanes

nes, elss FAIL after 10 millissconds
seconds

1 error/block

L e Ve
| —
Results Mame: 144X CED 4 Ful

Dt Tested: December 11, 3018 10:58 M
Ovwerail

they have all
FAIL

Teat Hame / Details
4 |= HFR2-17: sink FRL Protecol - CED - Lock Bits

@ ITtar 011 3 Lanes
4 Tter 021 4 Lanes

1 3 1 zange of
50: Sink FRL Protocol - RS - Maximum Symbol Error Count

: sink FRL Protocol - RS - Update Flag with Specific Symbol Errer Count
+|= BFR2-52: Sink FRL Protocol - RS - Update Flag with Maximum Symbol Error Count : Sink FRL Protocol - CED - Specific Video Data Error Injection
+@ Iter 0 © 3 Lanes
1 © 4 Lanes
al am 20: Sink FRL Protosel - CED - Maximum Video Data Error Injection
4@ Iter 011

5 0 then skip the test

Sink FRL Protocol - CED - Update Flag with Specific Error Injection

: Sink FRL Protocol - CED - Update Flag with Maximum Error Injection

n skip the test.

559808 [10.30296.3)




Test List

v v v W

HDMI 2.0 SOURCE COMPLIANCE TESTS
HDMI 2.0 Source Compliance HDMI 2.0 Compliance Test List

The M41h source compliance tests are ideal for pre-testing your Trowarsca — —

HDMI 2.0 source product prior to submission to an Authorized ]~ T Optone v |

Test Center for approval. Pre-testing provides added assurance xR oo [ o]
that your product will pass at the ATC when submitted. Where Fors 5 e protocen - 6a - mos o1e cicok naris [
permitted, the M41h can be used to self-test your product. Self- - aa; mms protas - m ““’

testing offers greater benefits for time to market and cost . gsxhzéantl‘R*ml "”“’1 i ——
reduction than pre-testing by avoiding submission to the ATC for ™ t;;‘;iﬁimi;’:l Frooding - ¥BCR (:2:0 Docp Solor - MBS pixel Ercoding

approval. The compliance tests enable you to view the captured moin s e Coter

data and detailed test results which help pinpoint the cause of niny 60 = ot peep color

compliance test failures. [EEERE =T

4 * AVI-IF/GCP

= HF1-28: AVI InfoFrame - 6G - Other Video Timings
= HF1-51: AVI InfoFrame for Y420VDB and Y420CMDB
= HF1-52: AVI InfoFrame and GCP - YCbCr 4:2:0 BT.2020

Read Recuest

= HF1-17: E-DDC Protocol - Read Request - START Response
Protocol - Read Request - Update Flags Read
Protocol - Read Request - Clock Stretching
Protocol - Read Request - SCDC Enable Logic
> |2 HF1-29: E-DDC Protocol - CED Counter Read

> » E-DDC

HDMI 2.1
FRL-Capable
Source DUT

 EDMI-VSIFS
» |2 HF1-47: HDMI VSIFs - 3D OSD Disparity
- » |5 HF1-48: HDMI VSIFs - Dual-View
Admln > |5 HF1-49: HDMI VSIFs - Independent-View
- 4 » Audio
Dlsplay for > |- HF1-41: Audio Encoding - 3D Audio - IEC Sample Packet
> |- HF1-43: Audio Encoding - HBR Audio - IEC Audio Stream Packet
M4'I h GUI > |~ HF1-44: Audio InfoFrame - 3D and MS Audio - Supported Frequency

> |- HF1-45: Audio Channel Status - Basic Audio - Allowed Rate

4 » HDR
» |2 HF1-53: Dynamic Range and Mastering InfoFrame - High Dynamic Range

ar

LKL CKLKE K LR e < sk

HDMI 2.0 Test Results—TMDS Protocol Tests

Compliance Test Results Viewer (=3 Ech ==
*TELEDVNE HEDMI 2.0 Src (2.0) Compliance Test Results
LECROY
Results Name: HFL-12 Manufacturer: ACME [0 HTML Report
Date Tested: May 26, 2014 12:34 Ph Model Name: XYZ
Overall Status: SN Port Tested: Output1
» Test Name / Details [C) Status

» |2 HF1-12: TMDS Protocol - 6G — Basic Protocol and Scrambli

» = HF1-13: TMDS Protocol - Scrambling <= 3.4Gbps Ea

Source Test Setup

Instrument: 9805 B [192 168.254.161] i~ Continue Test Execution

HDMI 2.0 Test Results— Video Timing Tests

Compliance Test Results Viewer =2 R
HDMI 2.0 Src (2.0) Compliance Test Results
Results Name: HF1-14 Manufacturer: ACME Ll HTML Report
Date Tested: May 23, 2014 436 PM Model Name: XYZ
Overall Status: CTS 2.0 - Incomplete Port Tested: Qutput1
Test Name / Details [c] Status
4] HF1-14: Video Timing - 6G - 2160p 24-bit Color Depth Incomplete
» @ Iter 01: (96) 3840x2160p @ 50 Hz, 24 bit/Pixsl 75.000 = [ I
» @ Tter 02: (97) 3840x2160p @ 60 Hz, 24 bit/Pixel 75.000 & Pass
¥ Iter 03: (106) 3640x2160p @ 50 Hz, 24 bit/Pixel 75.000 & User Skipped
» @ Tter D4: (107) 3840x2160p & 60 Hz, 24 bit/Pixsl 75.000 &

Instrument: QSUB B [192 168.254.161] i Continue Test Execution




HDCP 2.2 SOURCE, SINK, REPEATER COMPLIANCE TESTS

HDCP 2.2 Compliance

The M41h HDCP 2.2 compliance tests are ideal for pre-
testing your HDMI source, sink or repeater product prior to
submission to an Authorized Test Center for approval. Pre-
testing provides assurance that your product will pass at the
ATC when submitted. The compliance tests enable you to
view the auxiliary channel analyzer traces logged during the
test to help diagnose the cause of compliance test failures.

HDMI 2.1
FRL-Capable
UHD TV DUT

“PRTELEDYNE LECROY

Host PC
for ATP
Manager

Display (Sink)
Test Setup

HDCP 2.2 Test Selection — Sink Tests

Eﬁ HDMI HDCP 2.3 Receiver CT 1.0
559808 [10.30.196.70]
COF Entry |17 Test Selection| » Test Options / Preview |

Ccategory / Test Name v
4  Upstream with Transmitter
= 2c-01: Regular Procedure - With transmitter v
2C-02: Irregular Procedure - New Authentication after AKE Init v
2C-03: Irregular Procedure - New Authentication during Locality Check v
v
v

Test List

2C-04: Irregular Procedure - New Authentication after SKE Send Eks
2C-05: Irreqular Procedure — New Authentication during Link Synchronization

) Y

|
1
i
|
1

HDCP 2.2 Test Selection — Source Tests

3 HDMI HDCP 23 TX CT 1.0

550808 [10.30.196.70]

2 CDF Entry | %7 TestSelection| * TEstOntmns/PveweW\
Test List
» Category / Test Name v
4  TX with Receiver
» 2 1A-01: Regular Procedure: With previously connected Receiver (With stored Km)¥
» 2 1A-02: Regular Procedure: With newly connected Receiver (Without stored Km)
» | 1A-03: Regular Procedure: Receiver disconnect after AKE Tnit v |
» |2 1A-04: Regular Procedure: Receiver disconnect after Km v
> 12 1A-05: Regular Procedure: Receiver disconnect after locality check 4
» | 1A-06: Regular Procedure: Receiver disconnect after Ks v
> | 1A-07: Regular Procedure: Receiver sends REAUTH REQ after Ks v
» 12 1A-08: Irregular Procedure: Rx certificate not received. v I
> |2 1A-09: Irregular Procedure: Verify Receiver Certificate v I
» |2 1A-10: Irregular Procedure: SRM v
> 12 1a-11: Irregular Procedure: Invalid H' v I
» |2 1a-12: TIrregular Procedure: Pairing Failure v I
» 12 1a-13: Irregular Procedure: Locality Failure 4 Il
+ - TX with Repeater Il
> §2 : Regular Procedure: With Repeater v il
> §2 Irregular Procedure: Timeout of Receiver ID list v
> §2 Irregular Procedure: Verify V' v \
> §2 Irregular Procedure: MAX DEVS EXCEEDED v
> §= Irregular Procedure: MAX CASCADE EXCEEDED v
» = Irregular Procedure: Incorrect seq num V v
> I= Regular Procedure: Re-authentication on HDCP HED v
> I= Regular Procedure: Re-authentication on REAUTH REQ v
» = Irregular Procedure: Rollover of seq num V v
> 2 Irregular Procedure: Failure of Content Stream Management v |

HDCP 2.2 Test Results— Source Tests

HOMI HDCP 2.2 T Comphiance Test (1.0): "HDCP_22 Test"

Test List
Al
Category / Test Hame v Statos -
@ 1ter 01: v TR
4|7 1A-02: Regular Procedure: With newly connected Receiver (Without stored Km) v [ Fail |
@ tter c1: v T
4 |7 1A-03: Regular : Receiver di after AKE Init v Pass
@ Iter o1 ¥ | pass |
4 |® 1A-04: Regular Procedure: Receiver disconnect after Km v  Pass
@ 1ter 01 v
4 |% 1A-06: Regular Procedurs: Receiver disconnact after Ks v’ ~ pass
@ 1ter o v T
4|2 1A-07: Regular Procedure: Receiver sends REAUTH REQ after Ks v ~ pass
@ reer o1 v T -
4|7 1A-11: Irregular Procedure: Invalid H' v . Ppass
© Tter 01: Tnvalid B' ¢ TR
9 Iter 02: ' Timeout with previcusly paired Recv Id s
@ e i 5 i it moriemts i B 4
4 |= 1A-12: Irregular Procedure: Pairing Failure [ Fail |
@ st c1: [
«[*1A-13: Irregular Procedure: Locality Failure v ~ Pass
) Tter 01: Locality Failure v
@ Tter 02: Locality Timeout v -

X Close Window Continue Testing

HDCP 2.2 Test Results — Sink Tests

EDMI HDCP 2.2 Receiver (1.0) Comp

Results Name: HDCP_22_Sink_Comp_1 Manufacturer: Acme
Date Tested: October 3, 2014 8:50 AM Model Name: XVZ.
Overal Status: WEFTIIZT] Port Tested: 1

Test Results

i
T
E
2
g
2
g

Test Name / Details

v [©] status
» ]2 2c-01: Regqular Procedure - With transmitter
» I 2c-02: Irregular Procedure - New Authentication after AKE Init
4 ] 2c-03: Irregular Procedure - New Authentication during Locality Check
4@ teer 01: -
O ioctl QD failed.
e : Tac 74:70 R

PD_DIS ts:

x1115£36 s

ARE_INIT ts:0x£5338 us

MSG RCVD: AKE_Send_Cert ts:0x£5613 us

Snd No_Stored R ts:0x113£a9 us

1SG ROVD: AKE_Send_i_Prime ts:0x171£29 us

MSG RCUD: AKE_Send_pairing_info ts:0x1742fb us

Snd LC_Tnit ts:0x175¢0d us

* MSG ROVD:LC_Send L Prime ts:0x1767b7 us

© Snd SKE_Send_ERS ts:0x179943 us

) ater

= 2Cc-0 Irregular Procedure - New Authentication after SKE Send Eks
= 2C-05: Irregular Procedure - New Authentication during Link Synchronization

]
& I
@ @

Tnstrument: S5 980 [192168.254.153] |+ Continue Test Execution




SPECIFICATIONS

HDMI Capabilities

Version

Standard Formats
Protocols

FRL bit rates

Max Pixel Rate
Capture memory

Connectors - Front

HDMI Connectors (2)

DDC Source
USB (2)

Connectors - Back

HDMI - Admin Connector
USB (2); USB-C (2)

RJ45 E1

RCA (2)

BNC (2)

All other connectors

Physical / Electrical / Admin

Power

Weight

Size

Rack mountable
Internal speaker
Command Line Control
GUI Control

Environmental

up to HDMI 2.1

CEA, VESA

FRL with FEC; TMDS, eARC Common Mode and Differential Mode
3Gbps; 6Gbps; 8Gbps; 10Gbps; 12Gbps (48Gbps aggregate)
1485MHz

8 GBytes

In/Rx HDMI Type A; Category 2

Out/Tx HDMI Type A: Category 2

Used for eARC Tx EDID test

For connecting keyboard and mouse for ATP Manager control of external storage

HDMI Port for M41h ATP Manager for external 4K UHDTV at Admin HDMI port
Keyboard / mouse connected to USB ports

For admin control over LAN from computer running M41h ATP Manager
SPDIF IN for injecting audio; SPDIF OUT for extracting incoming audio
Trigger IN / OUT for triggering captures

Not used

100-240 VAC, 50-60 Hz, 200 Watts

11.15LBS; 5.057 Kg

Height: 3.44 in. (8.74 cm) Width: 9.57 in. (24.30 cm) Depth: 10.94in. (27.79 cm)

2 RU mounts in 19 inch rack with rack mounting brackets (provided)

Speaker with volume control for monitoring incoming audio

Ethernet (RJ-45) for external GUI and telnet

Either through External PC connected over LAN to Ethernet RJ45 or:

Keyboard / mouse connected to USB ports; External 4K UHDTV at Admin HDMI port
Operating Temp:32t090(F); 0t0 32 (C)

Ordering - Product Code

00-00258
95-00209
95-00195
95-00201
95-00204
95-00199
95-00196
95-00202
95-00205
95-00200
95-00198
95-00206
95-00197
95-00203
95-00207

Description

M41h hardware and base functional unit

M41x rack-mount kit

Source functional test — Includes Capture Analysis and UHDA Tests
Sink functional test - Includes UHDA Tests

eARC Tx (Sink) functional test

eARC Rx (Source) functional test

FRL Source compliance tests (requires 95-00195)

FRL Sink compliance tests (requires 95-00201)

eARC Tx (Sink) compliance tests (required 95-00204)

€ARC Rx (Source) compliance tests (requires 95-00199)

HDCP 2.2 Source compliance (requires 95-00195)

HDCP 2.2 Sink compliance (requires 95-00201)

HDMI 2.0 (2.1) & 1.4 TMDS Source compliance tests (requires 95-00195)
HDMI 2.0 (2.1) & 1.4 TMDS Sink compliance tests (requires 95-00201)
Sink HDR Tests (Dolby , HDR Lab) (requires 95-00201)

Local sales offices are located throughout the world.

Everywhereyoulook™  teledynelecroy.com Visit our website to find the most convenient location.

”“ TELEDYNE LECROY 1-800-909-7211

©2019 Teledyne LeCroy. All rights reserved. Specifications, prices, availability and delivery subject to change without notice. v1020
Product or brand names are trademarks or requested trademarks of their respective holders.
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