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DisplayPort HBR3 Video

Analyzer/Generator

Testing up to 8.1Gb/s Link Rates
Entry Level Functional Tester Upgradable to Full Compliance

Key Features

Run DisplayPort functional tests upgradable to
full protocol compliance tests up to full DP 1.4

specification

* Equipped with both DP standard and USB-C
ports for Tx and Rx function—all test features
supported through either type of connector

* View Power Delivery (PD) negotiations for
USB-C DP Alt Mode

* Run functional tests on displays and monitors
up to 8.1 Gb/s link rates with large format and

test pattern library
* Generate Display Stream Compression (DSC)

select patterns and configure slices and video

parameters

¢ Configure link training parameters to test
display’s handling

¢ View EDID and DPCD registers

¢ Access DSC Test CRC registers for automated

verification of source DSC compression

* Test DP sources up to 8.1 Gb/s link rates; view
incoming video and meta-data—including DSC
compressed--from a source device in real time

¢ Capture and decode incoming video, protocol

and control packets—including Display Stream

Compression (DSC)

* Run Pixel Error tests on cables and distribution

equipment

* Monitor Aux Channel transactions as a DP
source or sink

* Passively monitor Aux Channel between a
source & display even at 8.1Gb/s link rates

* Run DP 1.4 Link Layer compliance tests on
sources and sinks up to 8.1 Gb/s link rates

* Run DP 1.4 EDID compliance tests on sink
devices

* Run DP 1.4 Forward Error Correction (FEC)
compliance tests

* Run DP 1.4 Display Stream Compression
(DSC) compliance tests for sources & sinks

* Run HDCP 2.2 compliance tests on DisplayPort

sources, sinks and repeaters

* Run audio tests using programmable LPCM
sine wave audio tones and compressed
formats

* Run tests on embedded DisplayPort (eDP) 1.4b
sources and panels using fast link training and

ALPM

* Test eDP backlight control functions on panel
using either backlight control pins or Aux
Channel control commands

The Teledyne LeCroy quantumdata M41d Video Analyzer/Generator provides an
unprecedented combination of functional and compliance testing for video, audio
and protocol of DisplayPort devices. The M41d supports HBR3 1.62, 2.7, 5.4 & 8.1
Gb/s data rates on 1, 2 & 4 lanes on its Tx video generator port and its Rx analyzer
port for both the standard DP ports and the new USB-C ports with DP Alt Mode. The
protocol analyzer provides real time analysis and deep analysis using captures of
incoming DisplayPort streams from source devices including DSC/FEC compressed
streams. The M41d’s video generator can be used for testing displays, USB-C
adapters, extenders, etc. The M41d is equipped with all the standard video timings
and test patterns necessary for testing modern displays. The M41d supports a full
suite of link layer compliance tests for both sources and sinks including
compliance tests for forward error correction (FEC). EDID compliance tests
are also supported.

The Tx and Rx ports support Auxiliary Channel analysis of the DP aux channel, and
the USB-C ports support aux channel analysis of the USB-C Configuration Channel.
The adjunct Aux Channel monitoring board supports passive monitoring of the
DisplayPort aux channel via full-size DisplayPort connectors, between a source and
display. This enables analysis of link training and HDCP interoperability between
devices.

For developers of Embedded DisplayPort (eDP), the M41d offers the hardware
necessary to support a variety of optional eDP features. Initial support includes fast
link training, alternate scrambler seed, Advanced Link Power Management (ALPM)
and Tx backlight control. A pin header is available to provide access to the backlight
Tx control test feature. ay for ATP Manager

Operation
The M41d supports video generation and
analysis of the FRL/FEC HDMI data streams
through the user friendly ATP Manager
which presents the data in an easy to
understand way. The ATP Manager can be
controlled either via a laptop connected to
the M41d RJ45 LAN port or through a USB
keyboard and mouse and a connected UHD
HDMI admin display.

M41d DP Video [

Analyzer/Generator P TeLeoELECROY

Keyboard & mouse
for M41d ATP
Manager Control



DISPLAY TESTS - VIDEO/AUDIO TESTING

Video Generation

The quantumdata M41d supports video and audio functional
testing at link rates up to 8.1 Gb/s on 1, 2 and 4 lanes to
support high resolution formats. The M41d has an extensive set
of video formats and library of test patterns. You can set any
pattern in motion to test motion artifacts with the Image Shift
feature.

DisplayPort
HBR3-Capable
Display device
under test

Host PC for
ATP Manager

Display (Sink) Test Setup

Link Training Control and Configuration

The M41d ‘s link training control feature enables you to
configure the link training parameters. You can set limits on
the lane count and link rate and allow the link training engine to
establish link training based on those limitations or you can
force link training parameters—lane count, link rate, voltage
swing, pre-emphasis.

Link Training Control and Configuration

B Generator - o x
TR  Disconnect

Refresh
Pattern

Synchroneus Clock @

Current Status
Main Stream: DP TX enabled
Lone Count: 4 Lanes
te: 540Gbps
CR done, EQ done, SLock done [v0, p1]
2: CRdone, EQ done, SLock done [v0, p1]
3: CR done, EQ done, SLock done [v0, p1]
e 4: CR done, EQ done, SLock done [v0, p1]
ont: Yes

Adaptive Training Non-Adaptive Training Fast Training

Link Rate (Gbps)
162 270 540

Lane Count
T
Voltage Swing Level
L 2 3

810

Pre-emphasis Level
0 2 3

Retries: @

FORCE TRAIN

Alt Mode Negotiation

The USB Type C Transmit connector participates in
discovery, power contract negotiation, and DP Alt Mode
negotiation. The protocol messages can be monitored on the
Auxiliary Channel Analyzer (right).

_Format Selection

CTA | VESA | Folder
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2004 2456 | [EEED

Lists

800

1024
1280
1440
1704

2128
2728

Disconnect
Refresh
EDID
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LefttoRight = Settings Edit Clear Selection

Audio Testing

The M41d offers a programmable LPCM audio sine wave
generator enabling you to set the number of channels (up to
8), the amplitude, frequency, sampling rate and bit depth for
uncompressed formats.

Format

Channels

_LPCM Audio Testing

Mode

20«

Tl Disconnect

Refresh

Sample Rate
48kHZ

Bits/Sample
24 v
Channel Selection

o
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Aux Channel Analyzer — DP Alt Mode Negotiation
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0 ACA Dot Viewer

Open Close  Export
& [AA_980-USB-to-LMon-USB_w-PSV-CBL] Events: 416
+69:49:57.040950

DPUSBC-T61
DEUSBC-T61
DRUSBC-T61
DRUSBC-T61
DPUSBC-TEL
DrUSEC-T6L
DPUSBC-T61
DPUSBC-T61
DEUSBC-T61
DrPUSBC-T61
DPUSBC-T61
DPUSBC-T61
DEUSBC-T61
DRUSBC-T61
DPUSBC-T61
DFUSEC-TSL
DPUSBC-T61

DPUSBC-T61
DEUSBC-T61
DRUSBC-T61
DRUSBC-T61
DEUSBC-T61
DEUSBC-T61
DRUSBC-T61
DPUSBC-TE1
DFUSEC-TSL
DrPUSBC-T61
DPUSBC-T61
DPUSBC-T61
DEUSBC-T61
DRUSBC-T61
DPUSBC-T61

Options

+69:49:58. 375607
+69:49:58.376363
+69:49:58.378457
+69:49:58.379712
+69:49:50.380969
+69:49:50.381662
+69:49:58.382411
+69:49:58,383112
+69:49:50.384599
+69:49:50.385162
+69:49:58.414838
+69:49:58. 415460
+69:49:58._ 416481
+69:49:58.417031
+69:49:58.418538
+69:49:58.419094
+69:49:58.429721
+69:49:58.430407
+69:49:58.431054
+69:49:58.432141
+69:49:58.433641
+69:49:58.434334
+69:49:58.435001
+69:49:58. 435815
+69:49:58.437319
+69:49:58.438012
+69:49:50. 438662
+69:49:50.439450
+69:49:58.440830
+69:49:58. 441663
+69:49:58.442360
+69:49:58.443085

o x

Fiter  Find )

HFD Falling Edge Start Time: +69:49:58.429721
e

'€BL:0 GoodoRe Message Type: Vendor_Defined
'CBL:0 ACK Discover Identity HessageID: 4

Eort Power Role:
Port Data Role:
Spec Revision

[P———— source
SRC:0 Source Capabilities
SMK:0 GoodCRC

SMK:0 Request 1
SRC:0 GoodCRC

SRC:1 Accept
SMK:1 GoodCRC
SRC:2 PS_RDY
SMK:2 GoodCRC
SHK:1 PR_Swap
SRC:1 GoodCRC

DFE
Revision 2.0

Data Objects: 1

VDM Header

0xFFO0 (65280}

structured

1.0

Object Pesition: 0

Command Type : Initiator

: Discover Identity
- Freamble

cc-1, 62, [Sync-1,Sync-1,Sync-1,Sync-2]

SRC:3 Redect - Header: 196M
SMK:3 GoodCRE - object 1: FRO08001R
- cme: S11B7ABTR

SRC:4 Discover Identity

SNK:4 GoodCRE

- BoF

SMK:2 ACK Discover Identity
SRC:2 GoedCRC

SRC:S5 Discover SVIDs
SNK:5 GoodCRE

SMK:3 ACK Discover SVIDs
SRC:3 GoedCRC

SRC:6 Discover Modes
SNK:6 GoodCRC

SNK:4 ACK Discover Modes
SRC:4 GoodCRE

SRC:7 Enter Mode 1

SMK:7 GoodCRE

SNK:5 ACK Enter Mode 1
SRC:5 GoodCRC

C:4 Discover Identity




DISPLAY TESTS - PROTOCOL TEST FEATURES

Protocol Testing

The quantumdata M41d offers a variety of features for testing
DisplayPort protocols. You can verify HDCP 2.2 authentication
transactions between the module’s Tx port and a DP display. The
M41d’s EDID Decode feature enables you to examine the EDID
of the connected display in text. The DPCD Decode feature
enables you to examine the DPCD registers of the connected
display. You can read the EDID and/or the DPCD of downstream
MST nodes. — o

DisplayPort
HBR3-Capable
Display device
under test

Host PC for
ATP Manager

Display (Sink) Test Setup

Multi-Stream Transport

The M41d emulates an MST source for testing an MST branch
device or MST-capable monitor. Up to four (4) streams are
supported with a depth of one. The Auxiliary Channel Analyzer
(ACA) utility depicts the MST negotiations with the connected
MST Rx device.

Auxiliary Channel Analyzer

The M41d ‘s Auxiliary Channel Analyzer (ACA) feature enables
you to monitor the DP Aux Channel for link training and MST
negotiations, HDCP transactions and EDID exchanges between
the M41d and a connected display. The ACA logs these events
and assigns precise timestamps to them. You can view the
details of each transaction. These ACA logs can be saved and
disseminated for further analysis by colleagues and other
subject matter experts.

Aux Channel Analyzer — Link Training
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3-0 Minor Revision .
7-4 Major Revision 1

02201 MAX_LINK RATR
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EDID Decode View

Disconnect

Refresh
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Block 400

Block Type: Base EDID

@Checksun verified
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D10 Version 1, Revision d
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Recehe
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< > < ACK 14 18 4

i v value sescription
wois0is0 ems0e |5 mo wor conrramarzowcar ten | SN T
ton:30:50. 871375 | < acx a0 g o e
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SOURCE TESTS - CAPTURE & DECODE FOR DEEP

Capture and Decode

Capture and Decode (Filter View showing only Audio Packets)

The M41d captures and decodes the main link i e
attributes in order to diagnose interoperability issues | g5 e s e
related to them. The Protocol Analyzer captures & . i
stores main link data and provides visibility into main |

stream attributes, second-ary data elements, K- ~ e o

Characters and protocol errors. The Protocol Analyzer | T R
presents these elements on a graphical timeline and R e g = e ]
in a table. You can search for data and select any iRt L

transaction in the table to view its details. The capture [ @i socimmon §o : e ®

utility also enables you to capture specific MST .,. .,.. g,... 3°

streams from the source. B

Admin
Display for
ATP Manager

DP Alt Mode Negotiation

The M41d‘s USB-C Rx connector participates in discovery, power
contract negotiation, and DP Alt Mode negotiation. The protocol
messages can be monitored on the Auxiliary Channel Analyzer.

T
[T ACA Data Viewer

DP HBR3-Capable

- D X
Source device Open Cose Expor | Options | Fiter Find 5
@ [AA_980-USB-to-LMon-USB_w-PSV-CBL] Events: 416
under test 0 DPHP  DPUSBC-T61 +69:45:57.040950 || HED Palling Edge o Start Time: +69:49:58.431054
1 PDVDM DPUSBC-T61 +69:43:56.375607 || 'BRT:0 Discover Identity Start of Packet: S0P
2 PDCTL DEUSBC-TEL +69:49:58.376363 || 'CBL:0 GoodCRe Message Type: Vendor Defined
3 PDVDM  DPUSBC-TEL +69: 58.378497 ‘CBL:0 ACK Discover Identity MessageID: Z
4  PDCTL DRUSBC-TEL +69: .379712 || '#RT:0 Goodcre Fort Fower Role: Sink
—_ Port Data Role: UFP
5 PODTA  DRUSBC-TEL +69: .3809639 SRC:0 Source Capabilities P e e
6  PDCTL DBUSBC-TEL +69: .381662 SNK:0 GoodCRC Data objects: 4
7  PODTA  DBUSBC-T6L :49:58.382411 SNK:0 Request 1) Vo Header
8  PDCTL DBUSBC-TEL +69:49:58.383112 SRC:0 GoodCRC SVID or VID  : OxXFFO0 (65280)
9 PDCTL DBUSBC-T6L +69:49:58.384599 SRC:1 Accept VDM Type : Structured
P TEEO Vg LEcRDy 10 EDCTL DEUSBC-TSL +69:45:58.385162 SNK:1 GoodCRC rg.::’::‘umf ot
LnoyY 11 PDCTL DPUSBC-T61 +69:45:58.414858 SRC:2 PS_RDY command Type . ACK
12 PDCTL  DPUSBC-TGL +69:45:58.415460 SNK:2 GoodCRC e r—— : Discover Idemtity
13 PDCTL  DPUSBC-T6L +69:45:58.416481 SNK:1 PR_Swap 2) ID Header VDO
14 PDCTL DPUSBC-T61 +69:459:58.417031 SRC:1 GoodCRC Data Capable as USB Host : Yes
15 PDCTL DPUSBC-T6L B 58.418538 SRC:3 Reject Data Capable as a USB Device: Yes
16 PDCTL  DBUSBC-T6L .419094 SNK:3 GoodCRC Sl L) oatioad
Modal Operation Supported : Yes
17 PDVDM  DPUSBC-TSL .429721 SRC:4 Discover Identity e : omodam
18  PDCTL DPUSBC-T61 +69:43:58.430407 SNK:4 GoodCRC Hiceasttns

PDCTL

|15 [PDVDM [DPUSBC-T6L |+69:49:58.431054 | | SNK:2 ACK Discover Identity

DPUSBC-TEL +69:49:58,432141

TID: 0x00000
SRC:2 GoodCRC ]

Product VDO

21 PDVDM DPUSBC-T6L +69:49:58. 433641 SRC:5 Discover SVIDs USB Product ID: 0x9A30
22 PDCTL DPUSBC-T61 +69:49:5B.434334 SNK:5 GoodCRC bedpevice : 0x0010
23  PODVDM DPUSBC-T6L +69:49:58.435001 SNK:3 ACK Discover SVIDs
24 PDCTL  DPUSBC-T6L +69:49:58.435815 SRC:3 GoodCRC = e fc’l- €3, [Sync-1,5mc-1,5ymc-1, 5ync-2]
25 PDVDM DPUSBC-TEL +69:49:58.43731% SRC:6 Discover Modes - g;;::: 1. reanmosin
SO u rce Test Setu p 26 PDCTL DPUSBC-T6L +69:49:58.438012 SNK: 6 Gnodr.'}.tc - Object 2: C4000&3Eh
27 POVDM  DPUSBC-T6L +69:49:58.438662 SNK:4 ACK Discover Modes - object 3: 00000000h
28 PDCTL DPUSBC-T6L +69:49:58.439490 SRC:4 GoodCRC - Objact 4: SA300010h
25 PDVDM DBUSBC-TEL +69:45:5B.440350 SRC:7 Enter Mode 1 — L
30 PDCTL  DPUSBC-T6L +69:49:58. 441669 SNK:7 GoodCRC - EeE
31 PODVDM  DPUSBC-T6L +69:49:58. 442360 SNK:5 ACK Enter Mode 1
32  PDCTL  DPUSBC-T6L +69:49:58.443055 SRC:5 GoodCRC " < $ 19: SNK:2 ACK Discover Identity

Admin
Display for
ATP Manager

DP HBR3-Capable
Source device
under test

28

quantumd

DP HBR3-
Capable
Display device
under test

Md41d

Passive Monitoring Test Setup

(Passive) Auxiliary Channel Analyzer

The M41d ’s Adjunct Auxiliary Channel Analyzer
board enables you to monitor the DP Aux Channel
for link training and MST negotiations, HDCP trans-
actions and EDID exchanges between a DisplayPort
source and display device. This enables developers
to investigate interoperability problems between DP
devices involving link training, HDCP and EDID.
Solution is provided using a custom cable
(provided).. The ACA logs these events and assigns
precise timestamps to them. You can view the details
of each transaction.




SOURCE ANALYSIS & AUXCHANNEL ANALYSIS

Real Time AnaIyS|s

Analyzer
The M41d's Analyzer enables you to view the incoming
video, link rate, timing, colorimetry and various other z m
metadata at a glance. The Analyzer provides a basic
confidence test to verify that the incoming video is
essentially correct. The Rx port emulates any EDID to test
a source devices handling of various EDIDs. You can also
configure DPCD registers for emulating on the DP Rx port

using the DPCD Editor (below).

Admin
Display for
ATP Manager

DP HBR3-Capable
Source device
under test

Aux Channel Analyzer (ACA)

The M41d s Auxiliary Channel Analyzer (ACA) feature enables you
to monitor the DP Aux Channel for link training, MST negotiations,
P TEONELECROY HDCP transactions and EDID exchanges between the M41d Rx port
and a source device. The ACA logs the events and assigns precise
timestamps to them. You can view the details of each transaction.
These ACA logs can be saved and disseminated for further analysis
by colleagues and other subject matter experts.

- Auxmary Channel Analyzer Showing Link Tralnlng
Source Test Setup B e ]

Open Close FExpont | Options | Fiter Find o
[My_DP_ACA Capture] Events: 356 (1331)
o oeme De-710 400:30:45.915707 || #eD Falling zdge o Start Time: +00:30:50.871183 ~
1 o DR-mo 400:30:50.867851 || WFD Rising Bdge Type.
H 2 DPEP  DE-710 +00:30:50.867851 ] 52D Falling zdge "‘:"’““: z"
itor e oo ——
T E—— 4« oar pe-mo 400:30:50.868068 || > R:200 SINK_COUNT 1=6 Ll Seg
| ©# DPCD Editor - o 8 F =
1] b St og:soibo sbetiy | <k 16409 00 00 00 02200: DP1..3_DPCD_NEV
T DE-71 + 4 | > R:x TRADNING_AUX_RD_INTERVAL Le1 2it Name el Dunceintion
Base Dsc eDP Ext New Open Save Connect 7 DNAT  DE-T10 400:30:50.870897 f<acxer 00 I e eeeeeeeeeeeeeeeeeeeneees meeee
00000R  DECD_REV o File K s Dar Dm0 400:30:50.870966 || > R:0 DPCD_REV 2e1 3-0 Minor Revision ‘
<o ced> 7-4 Major Revision 1
e R e s 400:30:50.872039 | < Ack 14
e g DOWNSTREAMPORT _PRESENT 10 = +00:30:50.871110 || > R:2200 DP1.3 DPCD_REV 1e16 LRI e
S 00005h 11 | oAt |pe-10 400:30:50.871183 ACK 14 1E C4 81 01 00 01 B0 00 20 04 08 Bit ¥ime Value Description
09003R. | MAX_DOWMSPRERD - e s 12 Dar Dm0 400:30:50.871393 || > R:90 FEC_CAPABILITY Lwl | | meeem e ceeee
13 oar  pe-mio 400:30:50.871466 || < acx Br 7-0 MAX_LINK RATE 1 8.1 Gbps/lane
. 14 oar  peemo 400:30:50.871544 | > R:60 DSC SUPRORT Le1s
0 DWN_STRM PORT_PRESENT 0=%o - 02202 MAX_TANE_counT
00006h MAIN LINK CHANNEL CODING o ) s R et e L T e panm Bit Name Value Description
-1 DWN_STRM PORT TYPE = DisplayPort = - - > oo_( GURATION ¢ o it ST
STy | B FRI SR ET 17 omar pe-mi0 400:30:50.871975 || < acx 00 4-0 rax_1anz_counr 4 4 lanes
00008h  RECEIVE_PORTO_CAP_0 3 FORMAT CONVERSION 0=No < 18 ot oP-r1o 400:30:50.872047 || > R:701 EDP_GENERAL CAPABILIZTY 1 Lel S POST_LT ADJ_REQ SUP % (0)
- - - - 6 7Ps3_SUPRORTED x(1)
00009h RECEIVE_PORTO_CAP 1 19 owar 10 400:30:50.872120 || < ack 87 2
= i 4 DETAILED CAP INFO AVAILABLE 0 = No _r: p 721 & s 1 7 TORNCED_ VKNGS CAY W
0o, e P o S g im = emnas | o
9-5 RESERVED o -7 +00:30: < 02203: ¥AX_DOWNSPREAD
0000Bh  RECEIVE_FORT_CAP_1 22 oar oreri0 400:30:50.872331 | > R:725 ZDP_FWMGEN_BIT_COUNT_MIN Le2 Bit Name Value Description
0000Ch  12C_SPEED CONTROL CAE 23 omr Dpr-m10 +00:30:80.0712403 f<amo2oc 0~ 000200 WE ==
- O MAX_DOWNSPREAD 1 up to 0.5%
- - - > o
0000Dh  eDF_CONFIGURATION CAE 24 oar  pe-mio 00:30:50.872482 RiZE RX_ALPM_CAPABILITIES Lel 2 e mmcAr -
0000ER TRATNTNG_AUX_RD_INTERVAL 25 omr  pe-mi0 +00:30:50.872554 | < acx 03 = b
T | e e 26 omar pr-r10 400:30:50.872624 || > W:116 RX_ALPM_CONFIGURATION Lel 01 3 o meserved
e 400:30:50.872704 | < Ack 4 o Resarve
000200 FAUX CAP (1.2) 400:30:50.873436 || > R:69493 Rastatus L=l s Reserved
00021k  MSTM CAP +00:30:50.873509 § oA oIS Lo TRAnawg o)
00022h  NUMBER_OF_RUDIC_ENDEOINTS 30 e pe-mio 400:30:50.935325 || > R:100 LINK_BN_SET 1=2 T754_SUrroRTID X5
ovam s cenasTe TR o L e ey, e e
5 . oar  pe-r +00:30: > sDNK_cor Bit Name e Description
5 3
Gl LGRS P S 33 Dar ormo 400:30:51.030807 | < ACK 41 04 90 00 00 00 <
00030n  GUID I € > 11: <Ack 14 1z ce 81 01 00 01 50 00 20 04 08 00 0
00054k RX_GTC_VALUE | 3
00058h

00059h
00080h Wl
00090h FEC_CAPABILITY 0

Pixel Error Test for Cables and Distribution Devices
Pt The M41d support a Pixel Error test (or a Pseudo-Random Noise
tests for verifying cables and distribution oo

equipment, The test is run in a loopback B -
Link Training Status configuration (not shown). Number of Frames: [ENEEED

Tools: Al_M41d (10.30.196.30) DisplayPort/USBC 1.4 Basic Analyzer RX - RX Femdlsrerdlam Mesn sl % Max Recorded Errors: 1 (1-255)
Port Status
T REFRESH : v N Reference Frame
Lart Continuous: es [4]
RX Main Link Lane Count: 4 Auto:  ON i3
RX Main Link Bandwidth Setting: 8.10Gbps per lane . 7 =
Lane 0: CR done, Channelfg done, Symbol locked [v0, pl] Number of Frames: 100] Name: <Captureds

Lane 1: CR done, Channelgg done, Symbol locked [w0, pl]
Lane 2: CR done, Channelfg done, Symbol locked [w0, pl]
Lane 3: CR done, ChannelfQ done, Symbol locked [w0, pl]

Capture ~ Save  Select

START ANALYSIS

Frames Analyzed: 0

Frames Analyzed: 0 Total Errors: 0

Total Errors: 0

el [ cLose | [close | |




DISPLAY STREAM COMPRESSION (DSC) SOURCE

DSC Analysis DSC Analysis showing Picture Parameter Set (PPS)
The M41d ’'s DSC analysis feature enables developers to oo - o«

view the DisplayPort DSC related protocol elements such E e L
26301328 (0:0:0.032.470.775.309)

as the picture parameter set, end of chunk packets and . ’ o o2 5
compression flag settings in the VBID to ensure that these = 3k

elements are occurring in the video stream and that they e
are occurring in the proper sequence. The DSC analysis -
feature also captures and decompresses the video frames o
enabling developers to examine them for compression e e ) e

ERERE

H H 1406268 26300741 0:0:0.032,470.050.617 sE # womoor T EI
artifacts. The Forward Error Correction (FEC) transport Soizes esoonis oicio o a0 zees o : o
1406270 26300914 0 032.470.264.198 Audic Timestamp - w T ’
. . . . 1406271 26300926 O 032.470.279.012 SE - N -
mechanism, which ensures reliable, error free video o cewions 0.0 s o sissme o6 . |
o 1406274 26301058 0 -032.470.441.975 SE o B2 a
transport, can also be verified. it ERATelY ST o s : e
1406276 26301422 0 032.470.851.358 Picture Parameter Set - " w | or
1406277 26301464 0 032.470.943.210 SE o n .
1406278 26311806 0 032.483.711.111 BS e o x| o
1406279 26311807 0 032.483.712.346 BF wd LER. Lo
1406280 26311808 0:0:0.032.483.713.580 BF = o % | o=
1406281 26311809 0:0:0.032.483.714.815 BS - -
1406282 26311810 0:0:0.032.483.716.045 BS Data i B 2
1406283 26313445 0:0:0.032.485.734.568 88 o o » »
m—— g
- ~ cuse ]}
Admin |= B

. e
Display for -
ATP Manager —_

DSC Source Compliance

The DSC source compliance tests are ideal for pre-testing
your DisplayPort source 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.

DP HBR3-Capable
Source device
under test

PR TELEDYNE Li(
DSC Source Tests - Test Results

17| Compliance Test Results Viewer = |6 fe

Compliance Test Results

Results Name: TENV-DSC_2_Sample Manufacturer: Nividia DP/MST/HBR3
Date Tested: January 23, 2019 10:55 AM Model Name:
Overall Status: Port Tested: 1
Test Name / Details statas -
2 © ITter 01
4©01: [1] DSC Test 1 lane count = 2 and lane rate = 8.10 pass

© Source DUT reads FEC CAPABILITY Tegister OxS0h.
© Source DUT sets FEC_READY before link training to FEC_CONFIGURATION register.
© PPS validation successful. No error found.

SO u I'CG TeSt Set u p P ]: é.ft.elr.fl:: DSC PPS block prediction flag verificatien

4 © 01: [1] DSC Test 2 for lane count = 2 and lane rate = §.10 Pass
> Source DUT reads FEC CAPABILITY register Ox90h.
© Source DUT sets FEC READY before link training to FEC CONFIGURATION register.
© PPS validation successful. No error found.
© Refrence sink does not support block prediction. Source DUT sends PPS with block prediction disable.

4194.6.1.3: DSC PPS convert RGB flag verification

4@ Trer 01:
01: [1] DSC Test 2 for lane count = 2 and lane rate = 8.10 Pass
4 © 02: [2] For RGE and color depth bits-per-component 8 Dass

> PPS validation successful. No error found.

ource Compliance Tests

© User indicatied that image looks ok and distortion free.

i

¥
0
H

[ & DP 1.42 DSC Source CTR1.1 - o X [ » & 03: [3] For RGB and color depth bits—per—component 10 Pass
- ) 04: 4] For RGB and color depth bits-per—component 12 Pass
ns . ALM41d[10.30.196.30] = Connect 4194.6.1.4: DSC PPS (YChCr 4:4:4 convert RGB = 0) flag verification
COF Entry 2 @ Tter 01:
4O 01: [1] DSC Test 2 for lane count = 2 and lans rate = §.10 Pass Il
Select Al Options EXECUTE TESTS © Source DUT reads FEC CAPABILITY register 0x90h.
. Dse > Source DUT sets FEC READY before link training to FEC CONFIGURATION register.
. . = 02: [2] For YcbCr 4:4:4 and color depth bits-per-component 8 Pass
5 %
4.6.1.1: DSC enable sequence verification 1 " 03: [3] For YCbCr 4:4:4 and coler depth bits-per-cemponent 10
4.6.1.2: DSC PPS block prediction flag verification 1V 04: [4] For YCbCr 4:4:4 and color depth bits-per-component 12 Pass
4.6.1.3: DSC PPS convert RGB flag verification 1 ¥ PR é. 6.1.5: DSC PPS Simple 4:2:2 flag verification
o . 4 Iter 01:
4.6.1.4: DSC PPS (YCbCr 4:4:4 convert RGB = 0) flag verification 1 01: [1] DSC Test 2 for lane count = 2 and lane rate = 8.10 Pass
4.6.1.5: DSC PPS Simple 4:2:2 flag verification 1 v 4G 02: [2] For simple 4:2:2 and color depth bits-per-component 5 pass
o S — © PPS validation successfal. No error found.
4.6.1.6: DSC PPS Native 4:2:2 flag verification i - Refrence sink only supports RGB and Simple 4:2:2. Source DUT sends PPS with simple 422 set.
4.6.1.7: DSC PPS Native 4:2:0 flag verification 1Y © Source DUT sends bits-per-Component 8.
. = — . . v = User indicatied that image looks ok and distortion free.
4.6.1.8: DSC PPS convert RGB flag verification for DSC elgorl'thm revision 1.1 ; - 1 031 [3] For Simpie 41912 and color depth bite-per-component 10 ey
4.6.1.9: DSC PPS (YCbCr 4:4:4 convert RGB = 0) flag verification for DSC Algorithm revision 1.1 1 F » © 04: [4] For Simple 4:2:2 and color depth bits-per—component 12 Pass m
0 1=/4.6.1.6: DSC PPS Native 2 flag verification Skipped ~
|
Instrument: | $59808 [10.30.196.39] ~| & Continue Test Execution
B




DISPLAY STREAM COMPRESSION (DSC) SINK TESTING

Video Generation (DSC/FEC)

The M41d’s DSC/FEC video generator enables display develop-
ers to transmit DSC/FEC streams. Users can select from several
test patterns and configure the colorimetry, bits per component,
bits per pixel, line buffer bit depth and DSC slice configurations.

DSC / FEC Video Generation

Bl Genesator - o x

s output ST

F Refresh
Format

Settings
Available Images

in Use: — Count: 18

Link Train Import DPX  Delete  Refresh

2KCIrSq.dpx

4KCIrSqa22.dpx

8KCIrSqd22.dpx

2KCIrSq422.dpx 4K_Master.dpx 4KClrSq.dpx

SKCIrSq.dpx SKCIrSq422.dpx 8KCIrSq.dpx

BlueFrame 1080p.dpx BlueFrame1080p422.dpx CBar1080p.dpx

Master1080p.dpx

RedFrame1080p.dpx RedFrame1080p422.dpx Sunset1080p.dpx

DSC Settings
Sunset1080p422.dpx test_zone.dpx
Parameters Custom
Color Mode Slice Width (pixels)
960| ®
RGB @ 50| W
o Slice Height (pixels)
- @ | 2160| »
422 Simple —
: Block Predict
Allowed Form| 4:2:2 Native ik
12-0 Nati R Disable
2160p30 PICPC 2160120 4K_144 4:2:0 Native -
Bits Per Component Line Buffer Bit Depth
10] 12 s8lojoln
12,13 14 15
Bits/Pixel
- @ | s.0e25 »
pix Geometry=3840x2160
Min =7, Max =16, Increment = 0.0625

DisplayPort
HBR3-Capable
Display device
under test

Host PC for
ATP Manager

Display (Sink) Test Setup

ACA showing DPCD reads for DSC capabllltles

[ ach oata viewer - o0 x

Open Close Export  Options  Filter  Find »
[MyDP_DSC_FEC_Capture_1] Events: 140 (280)
oMaT  DE-730 +00:42:30.680262
+#00:42:30. 680364
+00:42:30. 680437
+00:42:30_ 680509
+00:42:30. 660552
+00:42:30. 680864
+00:42:30_680819
+00:42:30. 660951

Start Time: +00:42:30.681771
Type: Mative
Direction: Reply
Cammand: ACK
Raply to Read Raquast.

DMAT  DP-T30
DMAT  DP-T30
OMAT  DE-730

[
1 < acx 61
2

3

il DMAT  DP-730

5

6

8

> RE TRAINING_AIN_Ro_DITERVAL Ze1 ]
> R0 De e i

< aex 14

» R£200 DPL.3_DPCO_WEY 136
<A 14 1% e4 81 03 00 01 80 00 ..
> R:50 PR maeaarire 11

<nexar

DMAT  DP-T30
oMAT  DE-730
DMAT  DP-730

08702: EDF_BACKLIGHT_ADJ CAFS
sit u vValue Deseription

DNAT  DF-730 +00:42:30. 681075 > R:60 DSC SUPFORT LelS5 ¢ EL Brightaess FWM Fin Cap N0y
s mae  pe-230 +00:42:30_ 681147 | < Acx 01 21 03 72 B 07 01 00 00 . ; :t :;::::::: :ﬁ.szz‘.::v R + byea
10 oMr  DR-730 400:42:30.681408 || > R:D eDE_CONFIGURATION_CAP L=l 3 ek ()
11 mmr D730 +00:42:30. 882480 | < ACK 00 1 BL FAEQ WM Pin Bass-thru Cap H(0)
12 mar Dpe-730 +00:42:30_ 681554 | > R:701 ED_GENERAL_CAEABILITI_I Lai ®  m1 e AuX set cap xiz)
13 owar  DE-a0 +00:42:30.601626 || < Ack @7 6 Dynamic Backlight Cap NiO)

DMAT  DP-730 +00:42:30.682655 || > R:702 EDP_BACKLIGHT ADJ CAPS L=l AN |NA L LISERy i bl B ()]

100001 (00 22 —— — — — — —11[." 1

m DPoT30  400:42:30.683771 | < Aok 22

DMAT  DE-T30 +00:42:30. 681845

17 DMAT  DR-730 +00:42:30.682317 || < Acx 02 oc
18 oWAr  DP-T0 +00:42:30.682001 || > Ri2B RX_ALPM_CAPABILITIES Lel
19 DWar DE-130 +00:42:30.682073 ] < AcK 03

20 DNaT  DR-30
21 mMAT  DP-730
22 mWar  DE-130
23 DNaT  DE-230
26 DWAT  DP-730

+00:42:30.682148 || > W:116 RX_ALPM CONFIGURATION L=l 01
+00:42:30.682227 | < Acx

+00:42:30.683666 || > F:200 SINK_COUNT Le6
400:42:30.683738 ] < ACK 41 00 00 00 80 03
+00:42:30.683850 || > RE TRAINING_AUX_RD_INTERVAL L=l

25 mar De-mi0  +00:42:30.683962 | < acx a1
26 Dxar  DE-730  +00:42:30.684038 | > R:0 DECD_REV 1=l < >
27 owar  DP-T30 +00:42:30.684208 | < Acx 14 d < = Ack 22

DSC Sink Compliance

The DSC sink compliance tests are ideal for pre-testing your
DisplayPort sink 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.

DSC Sink Tests

[ 0P 1.4 DSC SR CT RIS - ) .

Instrument:  AI_LM41d[10.30.196.30] » Connect

Select All Options
~ Dse -
> 5.6.1.1: DSC capability verification
> 5.6.1.2: DSC RGB color depth test
5.6.1.3: DSC RGB Block prediction test
> 5.6.1.4: DSC RGB bits-per-pixel test
> 5.6.1.5: DSC RGB slice test
> 5.6.1.6: DSC RGB lanes test
»  5.6.1.7: DSC YCbCr 4:4:4 color depth test
> 5.6.1.8: DSC YCbCr 4:4:4 Block prediction test
> 5.6.1.9: DSC YCbCr 4:4:4 bits-per-pixel test
> 5.6.1.10: DSC YCbCr 4:4:4 slice test
5.6.1.11: DSC YCbCr 4:4:4 lanes test
> 5.6.1.12: DSC Simple 4:2:2 color depth test
> 5.6.1.13: DSC Simple 4:2:2 Block prediction test
> 5.6.1.14: DSC Simple 4:2:2 bits-per-pixel test
> 5.6.1.15: DSC Simple 4:2:2 slice test
> 5.6.1.16: DSC Simple 4:2:2 lanes test
> 5.6.1.17: DSC Native 4:2:2 color depth test
> 5.6.1.18: DSC Native 4:2:2 Block prediction test
5.6.1.19: DSC Native 4:2:2 bits-per-pixel-test
> 5.6.1.20: DSC Native 4:2:2 slice test
> 5.6.1.21: DSC Native 4:2:2 lanes test

€% % % <

SN

AR Y

€ g ¢ %%

LR A

L4

DSC Sink Tests — Test Results

[ HTML Report

Results Name: realtek all_dsc_1 Manufacturer: Realtek HBR3

Date Tested: January 24, 2019 9:02 PM Model Name:
Overall Status: TS Core R1.0 - Incomplete Port Tested: 1

07: CRC check or Visual check during DSC image color Depth 10, number of slices
08: CRC check or Visual check during DSC image color Depth 10, number of slices
09: CRC check or Visual check during DSC image color Depth 10,

» © 10: CRC check or Visual check during DSC image color Depth 12, number of slices

» © 11: CRC check or Visual check during DSC image color Depth 12, number of slices
12: CRC check or Visual check during DSC image color Depth 12, number of slices
13: CRC check or Visual check during DSC image color Depth 12, number of slices

6.1.6: DSC RGB lanes test

.6.1.7: DSC YcbCr 4:4:4 color depth test

6.1.8: DSC YChCr 4:4:4 Block prediction test

number of slices

SN

01: Initial Link Training at maximum link rate and lane count success
02: CRC check or Visual check during DSC image with block prediction enable.
03: CRC check or Visual check during DSC image with block prediction disable.
.6.1.9: DSC YChCr 4:4:4 bits-per-pixel test
-6.1.10: DSC YChCr 4:4:4 slice test
Tter 01:
.1.11: DSC YChCr 4:4:4 lanes test
Tter 01:
.6.1.12: DSC Simple 4:2:2 color depth test
Iter 01:
.6.1.13: DSC Simple 4:2:2 Block prediction test
Iter 01:
01: Initial Link Training at maximum link rate and lane count success
02: CRC check or Visual check during DSC image with block prediction enable.
03: CRC check or Visual check during DSC image with bleck prediction disable.
.1.14: DSC Simple 4:2:2 bits-per-pixel test
.1.15: DSC simple 4:2:2 slice test
1.16: DSC Simple 4 lanes test
1.17: DSC Native 4 color depth test

@

oo memmmmommv .

Incomplete

e ———

v & Continue Test Execution

I e

ACA DPCD Reads for DSC Capabilities

The M41d ’s ACA utility provides a log of the Aux Channel
transactions. The link training can be viewed as well as the
DPCD register reads and writes involved in the setup and
maintenance of Display Stream Compression (DSC) and
Forward Error Correction (FEC).



DP 1.4 LINK LAYER SOURCE COMPLIANCE

Source Link Layer Compliance DP 1.4 Source Link Layer Compliance - Test Selection
The DP source HBR3 link layer compliance are ideal for B 0P 14 SoscnCTCore 10 B

. . . Instrument:  ALLM41d[10.30.196.30] = Connect
self-testing or pre-testing your HBR3-capable DisplayPort cor énty : Test Options Preview
. .. . Select All % Options
1.4 source product prior to submission to an Authorized - AUXRd. after HPD -

. . > 4.2.1.1: Source DUT Retry on No-Reply During AUX Read after HPD Plug Event
TeSt Center for approval . Pre-testlng prOVIdeS added > 4.2.1.2: Source Retry on Invalid Reply During AUX Read after HPD Plug Event
. > 4.2.1.3: Source Device HPD Event Pulse Length Test
assurance that your product will pass at the ATC when . 42.1.4: Source Devics IRQ_HPD Pulse Length Test
. . . > 4.2.1.5: Source Device Inactive HPD / Inactive AUX Test
submitted. The compliance tests (below right) enable you to - EDID and DPCD Rd.

1€ 999

. . . > 4.2.2.1: DPCD Receiver Capability and EDID Read upon HPD Plug Event Il E
view the captured data and detailed test results which help . 42.2.2: DPCD Extended Receiver Capability and EDID Read upon HPD Plug Event 1 v
. . . . . : 4223 EDID Read 1 v
pinpoint the cause of compliance test failures. The link layer : 42.2.4: EDID Read Failure #1: 12C-Over-AUX NACK 1 ¥
. . . © 4.2.2.5: EDID Read Failure #2; 12C-Over-AUX DEFER 1 ¥
compliance test suite now includes tests for forward error © 4.226: EDID Cormuption Detection 17
. . . > 4.2.2.7: Branch Device Detection upon HPD Plug Event 1 ¥
correction (FEC). You can link to the aux channel traces in . 42.2.8: EDID Read on IRQ HPD Event after Branch Device Detection 1 v
B > 4.2.2.9: E-DDC Four Block EDID Read 1 Vv
the Aux Channel Analyzer (ACA) to view the root cause Of > 4.2.2.10: Link Status/Adjust Request AUX read interval during Link Training 1V
. ~  Link Training
failures (beIOW) > 4.3.1.1: Successful Link Training at All Supported Lane Counts and Link Speeds

4.3.1.2: Successful Link Training Upon HPD Plug Event

4.3.1.3: Successful Link Training (Higher Differential Voltage Swing during Clock Recovery)
4.3.1.4: Successful Link Training to a Lower Link Rate #1: lterate at Maximum Voltage Swing
4.3.1.5: Successful Link Training to a Lower Link Rate #2: Iterate at Minimum Voltage Swing

SO T A Y

Admin |= T ——

Display for

DP 1.4 Source Link Layer Compliance Test
ATP Manager

{=] Compiiance Test Results Viewer =R =
Results Name: 03_27_2018_15 32 45 Manufacturer: (L HTML Report

Date Tested: March 27, 2018 3:33 PM Model Name:
Overall Status: Port Tested: 1
DP HBR3-Capable I
Test Name / Details [t) Status
Sou rce device 417 4.3.2.1: Successful Link Re-training After IRQ HPD Pulse Due to Loss of Symbol Pass
4@ Iter 01 —

»© 01: [1] Link Maintenance test for lane count = 4 and lane rate = 8.10
» © 02: (2] After Sym lock error on lane 1, Link Maintenance test for lane cou
v © 03: [3] After Sym lock error on lane 2, Link Maintenance test for lane cou
v & 04: (4] After Sym lock error on lane 3, Link Maintenance test for lane cou
4 © 05: (5] After Sym lock error on lane 4, Link Maintenance test for lane cou
© After loss of Symbol Lock on lane 4.
Link re-training starts after IRQ pulse.
Source DUT reads DECD address 0200-0205h.
Source DUT read link status within 100ms.
¢ source DUT start link training..
© Source DUT sets link bw and lane count before TP1 is set.

under test

o Source DUT sets TP1 on all active lanes.
“PTELEDYNELECRDY 5 CR Lock succeeded on all active lanes.
Training pattern 2 or 3 or 4 detected after Training pattern 1.
* For HER3 source Training pattern 4 detected.
Equalization succeeded on all active lanes.
© Symbol lock succeeded on all active lanes.
s ALl Lanes are Aligned and skewed.

Link compliance training test completed successFally.
@ Link training completed in 19.76 ms, which cxcesds the 10ms guideline.

.2.2: Successful Link Re-training After IRQ HPD Pulse Due to Loss of Clock R
2.3: Successful Link Re-training After IRQ HPD Pulse Due to Loss of Inter-1
2.4: Handling of IRQ HPD Pulse with No Error Status Bits Set.

2.5: Lane Count Reduction and Increase.

Open ACA Data essful Link Re-training After RQ HPD Pulse

Instrument: | SS9808 [10.30.196.39] v i Continue Test Execution

Source Test Setup

DP Aux Channel Traces — From LLC Test

[ A ota viewer o x
Open Close Expont  Oplions  Fier  Find »
© [ACA4.3.1.10.01] Events: 266
39 owar  DP-R3L 400:08:25.992423 | < acx B} Start Time: 400:08:26.210863
4 oaar oean 400:08:25,952484 | > R:X TRAINING AVX_RD_INTERVAL Led Type: Native
@ mar oemn so0.08:25.952556 | < acx e Sizection: Meply
2  omr oemn +00:08:26.000182 | > %:100 LINK_BW_SET Le1 06 S
43 omr pema +00:08:26.000262 || < Ack T Boply o ad Wiguest;
44 omr ormn 400:08:26,000332 | > ¥:101 LANE_CowwT_sE? Le1 81 T Ty
45 omr orRa +00:08:26.000432 || < Acx SR & Description
€ omr vemn  sovoszeaseens | wio: manmw memesm iz D
4 omr oeRn 200:08:26.196886 || < Acx 0 DNTERLME ALIGN DoNE
P ——— 200-08:26.197126 | > ¥:103 TRAINING_LANEO_SET Led 00 00 00 00 £ woes gatans s, o emmese
4 omr oeRn +00:08:26.197415 || < Ack 5
50 omr  or-ms 400:08:26.201432 || > R:202 LANEO_1_sTATUS: 1e2 H
st orr peeRn +00:08:26.201675 || < oeFER s O Reserved
s2  omz oDe-RN 200:08:26.202147 || > R:202 1ANEO_1_STATUS: Le2 & DOWNSTREMM ECRT_STATUS_CEMNGED N(0)
s3  omr Dr-R3 +00:08:26.202414 || < oEFER [ s sewsny e =)
s¢  omr  or-R3L 400:00:26.202879 | > R:202 1ANEO_1_sTATUS: Le2 G
55 omr  orma 400:08:26.203346 | < oram Bt Name Value Description
s6 oz oreRn +00:08:26.203624 || > R:202 1aNEO 3 _smAUS: ez | eeees —eeee
$7  omr DrRn +00:08:26.203881 || < pErER @
ss  omr pr-R3 400:08:26.204348 || > R:202 1aNEO_1_STATUS: Le2 @
s5  omr or-mst +00:08:26.204615 || < oErER R s
6 omr or-ms +00:08:26.205080 || > R:202 1ANEO_3_sTaTus: 1e2 o Pessced
& omr ormal +00:08:26.205347 || < pEFER o Reserved
€ omr oe-RaL 200:08:26.205820 || > R:202 1ANEO_1_STATUS: Le2 O Reserved
6  omr oe-R3L 200:08:26.206087 | < Ack 01 00 B
6 oz or-Rs 400:08:26,206229 || > ¥:102 TRADNING_PATTERN_SET: Le1 07 1
65  omr or-ms +00:08:26.206309 | < Acx
6 oz orsl 400:08:26.206388 || > ¥:103 TRAINING_LANEO_SET Zed 00 00 00 00
& oz oe-Rn +00:08:26.206451 || < Ack
e oz oDe-mn 200:08:26.210601 || > R:202 1ANEO_1_STATUS: 1=3
6 oz Dr-R3 400:08:26.210673 | < ack 01 00 00
70 oz Dr-R3L > X204 LANE_ALIGN_STATUS_UPDATED Le2
< > &




DP 1.4 LINK LAYER SOURCE COMPLIANCE

Source Link Layer Compliance DP 1.4 Source Link Layer Compliance - Test Selection
The DP source HBR3 link layer compliance are ideal for B 0P 14 SoscnCTCore 10 B

. . . Instrument:  ALLM41d[10.30.196.30] = Connect
self-testing or pre-testing your HBR3-capable DisplayPort cor énty : Test Options Preview
. .. . Select All % Options
1.4 source product prior to submission to an Authorized - AUXRd. after HPD -

. . > 4.2.1.1: Source DUT Retry on No-Reply During AUX Read after HPD Plug Event
TeSt Center for approval . Pre-testlng prOVIdeS added > 4.2.1.2: Source Retry on Invalid Reply During AUX Read after HPD Plug Event
. > 4.2.1.3: Source Device HPD Event Pulse Length Test
assurance that your product will pass at the ATC when . 42.1.4: Source Devics IRQ_HPD Pulse Length Test
. . . > 4.2.1.5: Source Device Inactive HPD / Inactive AUX Test
submitted. The compliance tests (below right) enable you to - EDID and DPCD Rd.

1€ 999

. . . > 4.2.2.1: DPCD Receiver Capability and EDID Read upon HPD Plug Event Il E
view the captured data and detailed test results which help . 42.2.2: DPCD Extended Receiver Capability and EDID Read upon HPD Plug Event 1 v
. . . . . : 4223 EDID Read 1 v
pinpoint the cause of compliance test failures. The link layer : 42.2.4: EDID Read Failure #1: 12C-Over-AUX NACK 1 ¥
. . . © 4.2.2.5: EDID Read Failure #2; 12C-Over-AUX DEFER 1 ¥
compliance test suite now includes tests for forward error © 4.226: EDID Cormuption Detection 17
. . . > 4.2.2.7: Branch Device Detection upon HPD Plug Event 1 ¥
correction (FEC). You can link to the aux channel traces in . 42.2.8: EDID Read on IRQ HPD Event after Branch Device Detection 1 v
B > 4.2.2.9: E-DDC Four Block EDID Read 1 Vv
the Aux Channel Analyzer (ACA) to view the root cause Of > 4.2.2.10: Link Status/Adjust Request AUX read interval during Link Training 1V
. ~  Link Training
failures (beIOW) > 4.3.1.1: Successful Link Training at All Supported Lane Counts and Link Speeds

4.3.1.2: Successful Link Training Upon HPD Plug Event

4.3.1.3: Successful Link Training (Higher Differential Voltage Swing during Clock Recovery)
4.3.1.4: Successful Link Training to a Lower Link Rate #1: lterate at Maximum Voltage Swing
4.3.1.5: Successful Link Training to a Lower Link Rate #2: Iterate at Minimum Voltage Swing

SO T A Y

Admin |= T ——

Display for

DP 1.4 Source Link Layer Compliance Test
ATP Manager

{=] Compiiance Test Results Viewer =R =
Results Name: 03_27_2018_15 32 45 Manufacturer: (L HTML Report

Date Tested: March 27, 2018 3:33 PM Model Name:
Overall Status: Port Tested: 1
DP HBR3-Capable I
Test Name / Details [t) Status
Sou rce device 417 4.3.2.1: Successful Link Re-training After IRQ HPD Pulse Due to Loss of Symbol Pass
4@ Iter 01 —

»© 01: [1] Link Maintenance test for lane count = 4 and lane rate = 8.10
» © 02: (2] After Sym lock error on lane 1, Link Maintenance test for lane cou
v © 03: [3] After Sym lock error on lane 2, Link Maintenance test for lane cou
v & 04: (4] After Sym lock error on lane 3, Link Maintenance test for lane cou
4 © 05: (5] After Sym lock error on lane 4, Link Maintenance test for lane cou
© After loss of Symbol Lock on lane 4.
Link re-training starts after IRQ pulse.
Source DUT reads DECD address 0200-0205h.
Source DUT read link status within 100ms.
¢ source DUT start link training..
© Source DUT sets link bw and lane count before TP1 is set.

under test

o Source DUT sets TP1 on all active lanes.
“PTELEDYNELECRDY 5 CR Lock succeeded on all active lanes.
Training pattern 2 or 3 or 4 detected after Training pattern 1.
* For HER3 source Training pattern 4 detected.
Equalization succeeded on all active lanes.
© Symbol lock succeeded on all active lanes.
s ALl Lanes are Aligned and skewed.

Link compliance training test completed successFally.
@ Link training completed in 19.76 ms, which cxcesds the 10ms guideline.

.2.2: Successful Link Re-training After IRQ HPD Pulse Due to Loss of Clock R
2.3: Successful Link Re-training After IRQ HPD Pulse Due to Loss of Inter-1
2.4: Handling of IRQ HPD Pulse with No Error Status Bits Set.

2.5: Lane Count Reduction and Increase.

Open ACA Data essful Link Re-training After RQ HPD Pulse

Instrument: | SS9808 [10.30.196.39] v i Continue Test Execution

Source Test Setup

DP Aux Channel Traces — From LLC Test

[ A ota viewer o x
Open Close Expont  Oplions  Fier  Find »
© [ACA4.3.1.10.01] Events: 266
39 owar  DP-R3L 400:08:25.992423 | < acx B} Start Time: 400:08:26.210863
4 oaar oean 400:08:25,952484 | > R:X TRAINING AVX_RD_INTERVAL Led Type: Native
@ mar oemn so0.08:25.952556 | < acx e Sizection: Meply
2  omr oemn +00:08:26.000182 | > %:100 LINK_BW_SET Le1 06 S
43 omr pema +00:08:26.000262 || < Ack T Boply o ad Wiguest;
44 omr ormn 400:08:26,000332 | > ¥:101 LANE_CowwT_sE? Le1 81 T Ty
45 omr orRa +00:08:26.000432 || < Acx SR & Description
€ omr vemn  sovoszeaseens | wio: manmw memesm iz D
4 omr oeRn 200:08:26.196886 || < Acx 0 DNTERLME ALIGN DoNE
P ——— 200-08:26.197126 | > ¥:103 TRAINING_LANEO_SET Led 00 00 00 00 £ woes gatans s, o emmese
4 omr oeRn +00:08:26.197415 || < Ack 5
50 omr  or-ms 400:08:26.201432 || > R:202 LANEO_1_sTATUS: 1e2 H
st orr peeRn +00:08:26.201675 || < oeFER s O Reserved
s2  omz oDe-RN 200:08:26.202147 || > R:202 1ANEO_1_STATUS: Le2 & DOWNSTREMM ECRT_STATUS_CEMNGED N(0)
s3  omr Dr-R3 +00:08:26.202414 || < oEFER [ s sewsny e =)
s¢  omr  or-R3L 400:00:26.202879 | > R:202 1ANEO_1_sTATUS: Le2 G
55 omr  orma 400:08:26.203346 | < oram Bt Name Value Description
s6 oz oreRn +00:08:26.203624 || > R:202 1aNEO 3 _smAUS: ez | eeees —eeee
$7  omr DrRn +00:08:26.203881 || < pErER @
ss  omr pr-R3 400:08:26.204348 || > R:202 1aNEO_1_STATUS: Le2 @
s5  omr or-mst +00:08:26.204615 || < oErER R s
6 omr or-ms +00:08:26.205080 || > R:202 1ANEO_3_sTaTus: 1e2 o Pessced
& omr ormal +00:08:26.205347 || < pEFER o Reserved
€ omr oe-RaL 200:08:26.205820 || > R:202 1ANEO_1_STATUS: Le2 O Reserved
6  omr oe-R3L 200:08:26.206087 | < Ack 01 00 B
6 oz or-Rs 400:08:26,206229 || > ¥:102 TRADNING_PATTERN_SET: Le1 07 1
65  omr or-ms +00:08:26.206309 | < Acx
6 oz orsl 400:08:26.206388 || > ¥:103 TRAINING_LANEO_SET Zed 00 00 00 00
& oz oe-Rn +00:08:26.206451 || < Ack
e oz oDe-mn 200:08:26.210601 || > R:202 1ANEO_1_STATUS: 1=3
6 oz Dr-R3 400:08:26.210673 | < ack 01 00 00
70 oz Dr-R3L > X204 LANE_ALIGN_STATUS_UPDATED Le2
< > &




HDCP 2.2 SOURCE, SINK & REPEATER COMPLIANCE

HDCP 2.3 Compliance

The HDCP 2.3 compliance tests are ideal for pre-testing or
self-testing your DisplayPort 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 (not shown)
during the test to help diagnose the cause of compliance test
failures.

DisplayPort
HBR3-Capable
Display device
under test

Host PC for
ATP Manager

Display (Sink) Test
Setup

Admin = T —
Display for
ATP Manager

DP HBR3-Capable
Source device
under test

“PUTELEDYNE LECs

Source Test Setup

HDCP 2.3 Source Tests - Test Selection

T DP HDCP 23 TXCT 1

Instrument:  AI_M41d [10.30.196.30] » Connect

EXECUTE TESTS

Select All x
~  TX with Receiver -
> 1A-01: Regular Procedure: With pr ly connected R (With stored Km) |
> 1A-02: Regular Procedure: With newly connected Receiver (Without stored Km) =
> 1A-03: Regular Procedure: Receiver disconnect after AKE_Init v
> 1A-04: Regular Procedure: Receiver disconnect after Km v
> 1A-05: Regular Procedure: Receiver disconnect after locality check |
> 1A-06: Regular Procedure: Receiver disconnect after Ks v
> 1A-07: Regular Procedure: Receiver sends REAUTH_REQ after Ks v
> 1A-08: Irregular Procedure: Verify Receiver Certificate v
> 1A-09: Irregular Procedure: SRM |
~ 1A-10: Irregular Procedure: Invalid H' =
» Iter 01: Invalid H' v
« Iter 02: H' Timeout with previously paired Recv Id A4
- Iter 03: H' Timeout with previously unpaired Recy Id v
> 1A-11: Irregular Procedure: Pairing Failure v
> 1A-12: Irregular Procedure: Locality Failure =
« 1A-13: Regular Procedure - Encryption Disable Bootstrapping v
+ Iter 01: Encryption Disable Bootstrapping not supported: Automatic PASS(SKIP) v
~ TX with Repeater
> 1B-01: Regular Procedure: With Repeater v
> 1B-02: Irregular Procedure: Timeout of Receiver ID list |
> 1B-03: Irregular Procedure: Verify V' | o

HDCP 2.3 Source Tests - Test Results

Results Name: ficre, DP_HCDF Sre, flesuts 3
Date Tested: January 20, 2017 639 P
Overshi Status: CTS L0 - Incomplete

Test Name / Details 2] Status

# |2 1a-01: Regular Procedure: With previously connected Receiver (With stored im)
© tter 01 =
I" 1A-02: Regular Procedure: With newly connected Recelver (Without stored Km)
+ £ 1A-03: Regular Procsdurs: Receiver disconnsct after AKE Init

4@ 1eer 02 - eaas

)_DIS t3:7561890365.44 18

TX UHAUTE:
* TR UNAUTE:MSG RD:THVALID_VER ts:32066339752173888.00 us
b FUt UMAUTH: :BMTER Repino Devent:0 Dep:D

R UNAUTH:NO VIDEO Present

+BFD_DIS ts:0.00 us

* TH UNAUTH:MSG RD:VALID_VER ts:7563650841.60 us
+ TE UNAUTH:MSG RD:HFD EN ts:7363850877.44 us
+ TH UNAUTH:ARE_TNIT ta:1563891375.20 us
* TH UNAUTE:MSG RD:ANE Init ts:7565891379.20 us
X UNAUTE:RCVD:ARE IRt t3:7363691317.76 us
+ RX UHAUTH: #4Test Cond.+* hpd
TH UNAUTH:MSG RD:HPD DIS ts:7565843928.96 na
TH UNAUTH:MSG RCVD:AKE_Sénd_Cert £3:0.00 13
@ Warn:ARE SEND CER rovd within 100ms of ARE
+ TH UNAUTH:RxCaps 2 0 2
+ Falled to verify the signature on Receiver certificate
* TH UNAUTE:MSG RD:VALID VER ts:7567892224.00 us
TH UNAUTH:MSO FD:HPD_EN t3:7365092382.72 na
* RN UNAUTH:RCVD:ARE_Init te:7563692033.20 us
* BX UNAUTH:4+Test Cond.+* ake imit
+ RX UNAUTE:Encryption Disabled
* BX ARE::enter

I- 1a-04: Regular Procedurs:
1A-05: Regqular Procedure:
: Regular Procedure
Regular Procedure:

: Irregular Procedure:
: Irregular Procedure:

Receiver disconnect after
Receiver disconnect after
Receiver disconnect after
Receiver sends REAUTH REQ

SRM

K
locality check
Ks

after Ks

Verify Receiver Certificate

Incomplete

: Irregular Procedure: Tnvalid H'
: Irregular Precsdure: Pairing Failure

: Irregular Procedure: Locality Failure

: Regqular Procedure - Encryption Disable Bootstrapping

Incomplete

HDCP 2.3 Sink Tests — Test Results

AT A L T =

[0 HTML Report

i

|= Compliance Test Results Viewer

Results Name: Acre_XYZ_HDCP_22_DP_Sink_1

Date Tested: January 24, 2017 11:51 AM
Overall Status: CTS 1.0 - Incomplete Port Tested: 1

Test Name / Details status E

=2c-01: Regular Procedure - With transmitter Pass
= 2¢-02: Irregular Procedure - New Authentication after AKE Init

= 2c-03: Irregular Procedure - New Authentication during Locality Check [ ‘Pass
= 2c-04: Irregular Procedure - New Authentication after SKE Send Eks ~ pass
a
[ Pass |

Iter 01: Pass
e

s TX HPD:##Test Cond.#** ake init E
© TX UNAUTH: :ENTER
© BX MSG RD:ENC DIS ts:92078933053.44 us

@ TX:HPD: :ENTER

© Encryption Disabled
» TX UNAUTH:AKE INIT ts:92080432230.40 us

o TX UNAUTH:MSG RD:AKE_Init t5:92080432230.40 us

5 RX AUTH:MSG RCVD:AKE Init ts:92080432179.20 us

» HDCP2RYX:UNAUTH Rep:no DevCnt:31 Dep:4

© MSG RCVD:ARE Tnit ts:92080432179.20 us

© RX MSGR:WROTE to DPCD:AKE_Send CerTt:534 ts:92080432414.72
© TX UNAUTH:MSG RCVD:AKE Send Cert ts:02080491888.64 us

» TX UNAUTH:Rrx £f,ca,£8,b,25,72,82,£2

® TX UNAUTH:RxCaps 2 0 2

* RX:ARE:MSG SND:AKE_Send Cert ts:92080505088.00 us

s MSG RCVD:ARE_Stored km ts:92080506019.84 us

© TX ARE:Snd Stored RM ts:92080506081.28 us

© RX MSGR:WROTE to DPCD:AKE Send H prime:33 ts:92080506091.52
© TX AKE:MSG:AKE_Stored km ts:92080506081.28 us

» TX ARE:MSG RCVD:ARE Send H prime ts:92080510832.64 us

® TX LC:Snd LC_Tnit ts:92080511948.80 us

@ TX LC:MSG:LC Init ts:92080511948.80 us

> MSG RCVD:LC Tnit ts:92080511887.36 us

© RX MSGR:WROTE to DPCD:LC Send L prime:33 ts:92080512256.00
© RX:SKE: MSG SND:AKE Send H prime ts:92080511887.36 us




EMBEDDED DISPLAYPORT (EDP) 1.4B TESTING

Embedded DisplayPort eDP - ALPM
The M41d supports testing of both eDP source and display sub-
systems. A standard DP connection from the M41d to a test fixture is

Press to
Causa Evant

required to enable connection to the eDP subsystem. For display N G e
panel TCON testing, once the connection is made, you can use the e < e s
Advanced Link Power Management (ALPM) feature to test the ( P
display’s ALPM function (right) and run any other video tests using . @ e
the M41d’s Video Generation function. For eDP source subsystem e

= AUX_PHY_WAKE

testing, you can monitor the link training and ALPM state and run
captures for analysis, etc. The test setups are depicted below.

Host PC for
ATP Manager

Test Display
Fixture 1CO_ Panel

DP Cable

''''''

4326hps
CRfalled, EQ done, SLock falled [+0, po]

Adapiive Training jon-daptive Trasming Fast Training

Lane Count Link Rate (Gbps)
2 | 4 162 | 216 | 243 | 270

Test Setup for eDP TCON Display Subsystem

Voltage Swing Level Pre-emphasis Level
1123

[ EREIE
i s G ot
Admin |&
i Display for J&
Notebook PC ¥
Motherboard or Video ATP Manager ‘
Subsystem

Test

Fixture - Auxiliary Channel Analyzer — Fast Link Train
Video/ |DPoreDP = o - E
Graphics Source E
Processing | Function
Unit
10PU) M41d
Test Setup for testing eDP source Subsystem “*ﬁm‘“,s

Source Type Label Detail

eDP Fast Link Training

The M41d supports fast link training acting either as an eDP source
subsystem or an eDP display subsystem. The module emulates the
necessary Fast Link training DPCD registers When testing a display
you can select the Lane Count, Link rate (including “intermediate
“eDP lane rates), Voltage Swing, Pre-Emphasis and Training Test
Pattern. You can monitor the Aux Channel transactions with the Aux

Channel Analyzer utility. (eDP Fast Link Training Source test not e

shown.) = 2 Duty Cyele P Generator Divider o
eDP Tx Backlight Control — oo o
The M41d supports testing of the eDP backlight control function on E

eDP TCON display subsystems. Backlight control is supported
through the Aux Channel and the backlight control lead. The
connection is made through the module’s eDP header pins on the
faceplate. You can select between High and Low backlight enable,
set the PWM duty cycle, pre-scaling and PWM generator divider.

BL_PWM.DIM Frequency: 26.37 Kz




SPECIFICATIONS

DisplayPort 1.4 / USB-C/ eDP Capabilities

Version
Standard Formats

Video Data Rates

Color Depths

Video Encoding

Video Sampling Modes
HDCP

Audio

Capture memory

Connectors - Front

DP Full-Size

USB-C

Aux Chan Adjunct Board
eDP Header

USB(2)

Connectors - Back

HDMI - Admin Connector
USB (2); USB-C (2)
RJ45E1

All other connectors

Physical / Electrical / Admin

Power

Weight

Size

Rack mountable
Internal speaker
Command Line Control
GUI Control

Environmental

DisplayPort 1.4a

VESA, CTA

1.62,2.7,5.4,8.1 Gb/s Link rates

1,2,4 Lanes

8,10, 12, 16 bits

RGB, YCbCr

4:4:4,4:2:2, 420

Versions 2.2 & (1.3 on 1 & 2 lanes only)

8 Channel LPCM programmable sine wave
8 GBytes

Tx (1) DP Full-size; Rx (1) DP Full-size

Tx (1) USB-C with DP Alt Mode; Rx (1) USB-C with DP Alt Mode
Tx (1) DP Full-size; Rx (1) DP Full-size

Pins to access eDP Tx backlight controls

For connecting keyboard and mouse for ATP Manager control

HDMI Port for ATP Manager

Keyboard / mouse connected to USB ports; External 4K UHDTV at Admin HDMI port
For admin control over LAN from computer running ATP Manager

Not used

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

11.15 LBS; 5.057 Kg

Height: 3.44 in. (8.74 cm) Width: 9.57 in. (24.30 cm) Depth: 10.94 in. (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: 32 to 104 (F); 0 to 40 (C)

Ordering - Product Code
00-00260

Description

M41d hardware and base functional unit — Entry Level with full sized DP connectors
activated

95-00209 M41x rack-mount kit

95-00211 USB-C Port activation for DP Alt Mode function

95-00219 Source enhanced functional test — Includes Capture Analysis, Passive Monitoring, DSC

Source Analysis

95-00220 Sink enhanced functional test - Includes Passive Monitoring, DSC Sink Analysis

95-00213 Source Link Layer compliance (requires 95-00219)

95-00216 Sink Link Layer compliance (requires 95-00220)

95-00227 Sink EDID compliance (requires 95-00220)

95-00215 DSC/FEC Source functional test (requires 95-00219)

95-00218 DSC/FEC Sink functional test (requires 95-00220)

95-00214 HDCP 2.2 Source compliance (requires 95-00213)

95-00217 HDCP 2.2 Sink compliance (requires 95-00218)

95-00212 Embedded DisplayPort (eDP)

AN TELEDYNE LECROY 1-800-909-7211 Local sales offices are located throughout the world.
'~ Everywhereyoulook™  teledynelecroy.com Visit our website to find the most convenient location.

©2023 Teledyne LeCroy. All rights reserved. Specifications, prices, availability and delivery subject to change without notice.

Product or brand names are trademarks or requested trademarks of their respective holders. v1004
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