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4 vesa VESA Workshop Agenda

VESA Overview and Standards Updates, Jim Choate, Compliance Program
Including DisplayPort v 2.1a and Display Manager
Panel Standards

DisplayPort Link Layer CTS v 2.1 Alok Soni, Software Lead, Teledyne
LeCroy

11:00am eDP and DP v 2.1 PHY CTS Overview and  Abhijeet Shinde, Product Manager,
Updates Keysight Technologies

1:30am DP Alt Mode v 2.1a Overview and CTS Mike Micheletti, Product Manager,
Updates Teledyne LeCroy

12:00pm — 1:00pm Lunch

3 VESA DisplayHDR Specification Overview Robert Yang, Granite River Labs
and Test

1:40pm LRD/Active cable testing and DP 2.1 Lexus Lee, Technical Program
enhanced connector certification Manager; Allion Labs
2:15pm UHBR DPTX and DPRX device design Jay Lin, Senior Technical Manager,
challenges Realtek

VESA Compliance Program Jim Choate, Compliance Program
Manager

Summary, Questions & Answers

4:00pm — 4:30pm Demo Stations Overview
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Agenda

* VESA Overview

« DisplayPort Overview

« VESA Certified DisplayHDR, ClearMR and Adaptive-Sync
« VESA Technology Development Areas

 Summary




m VESA DisplayPort Technology Update

VESA OVERVIEW




About VESA
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VESA Membership Growth

MEMBERSHIP BY REGION 2013

Europe
9%

North
America MEMBERSHIP BY REGION 2024

48% Furope North
8% America
24%

Asia
43%

Changes from 2013: Asia
Asia + 25% 68%



VESA Standards Enable Many Market Segments...

Gaming consoles and
headsets

laptops

..r_

Automotive

Digital signage / kiosks

Digital projectors

Smartphones and tablets



W2 VEsa

...As Well as Many Aspects of Display Technology

Display
Interfaces

Display
Metrology

DisplayPort
Embedded DisplayPort

DisplayPort Alt Mode (Native
DisplayPort over USB-C connector)

DisplayPort Tunneling (USB4 and
Thunderbolt)

Automotive Extensions Services
(DP AE specification)

Standardized Display Performance
Measurement

DisplayHDR Certification
(High Dynamic Range)

ClearMR Certification
AdaptiveSync Display Certification

Display Data
Compression

Display
Capability
Parameters

Display Stream Compression (DSC)
VESA Display Codec for Mobile (VDC-M)

DisplaylD

Extended Display Identification Data
(EDID)

Multi-Display Interface (MST)
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VESA Local Asian Support Capability

VESA continues to provide local support to Asia to address growing regional
membership needs

China (Mainland) and Taiwan are the fastest growing areas for VESA's membership.
Kellen is VESA's Representative in Asia

This partnership provide members with a communication option in their native
language. Kellen handles membership related activities including, new membership
requests, renewals, event support and translation of VESA member messaging, etc.

AsiaVESA@kellencompany.com or at +86 10 6580 0670
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m VESA DisplayPort Technology Update

DisplayPort ™ Overview

11
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DisplayPort Market Penetration

DisplayPort adoption continues to grow in 2024
DisplayPort and DisplayPort Alternate Mode over USB-C
« The common monitor interface for personal computers
« Supported on the USB-C interfaces
« Mandated for USB4 and Thunderbolt
« Automotive integration with DP AE specification
* Mobile phones with USB-C
Embedded DisplayPort (eDP)

*  ~95% penetration in notebook PCs, used in many high-end tablets and now
automotive

12



W2 VEsa

DisplayPort 2.1a Summary

DisplayPort v2.1a was released in December 2023

Major features added in v2.0/v2.1/v2.1a:
* Added 128b/132b DP channel coding
* Increase in data bandwidth performance (almost 3X) with new link rates up to 20 Gbps/lane
« Panel Replay, similar to PSR (Panel Self Refresh) used for eDP
* DSC support mandated
* Enhanced DP connectors and cables (DP40 and DP80)
* DP PHY specification alignment with USB4 PHY specification
* Updated DP to HDMI v2.1 or higher protocol converter (PCON)
* Corrects errata
* Replaces DP40 cables with DP54 to expand higher rate cable length
» Expanded Tunneling capability
» Updates for DP AE Services specification
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m VESA D DisplayPort™

EVOLUTION OF DISPLAYPORT
DATA BANDWIDTH

« DisplayPort 2.1a enables up to 3X increase in
video bandwidth performance vs DP 1.4

* 3 new data rates added. UHBR10, UHBR13.5
and UHBR20 provides up to 80Gbps link 0
bandwidth for 4 lanes at 20Gbps. o

100

» First standard to support 8K resolution (7680
x 4320) at 60 Hz refresh rate with full-color so  O0% o BN
4:4:4 resolution, including with 30 bits per "
pixel (bpp) for HDR-10 support

32.4 Gbps
5

25 21.6 Gbps
0

« Beyond 8K resolutions achieved with 10‘899,_,5_,..«---""

: ,
maximum link rate to up to
20 Gbps/lane and more efficient 128b/1 32b 0 DP 1.1 DP12  DP13/14  DP20

channel codin
g Oreennns o Max Link Bandwidth (Gbps)

——— Max Payload Bandwidth (Gbps)

Link Efficiency
(Payload Bandwidth/Link Bandwidth)
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DisplayPort 2.1a Resolution Capability
(Single Display Examples)

Port Configuration DisplayPort 1.4a DisplayPort 2.1a

No Compression

4 Lanes, max link rate 5K (5120x2800)@60fps 24bpp 10K (10240x4320)@60fps 24bpp
2 Lanes, max link rate 4K (3840x2160)@60fps 24bpp 8K (7680x4320)@30fps 30bpp
With Compression (DSC)
4 Lanes, max link rate 8K (7680x4320)@60fps 30bpp 16K (15360x8460)@60fps 30bpp
2 Lanes, max link rate 5K (5120x2800)@60fps 24bpp 10K (10240x4320)@72fps 30bpp
Notes: Key:
» 2 Lane configuration is common for USB-C DP Alt Mode * DSC = Display Stream Compression
«  All above modes assume full 4:4:4 color encoding « fps = frames per second

* 30bpp is required for DisplayHDR operation * bpp = bits per pixel




m VESA DisplayPort Technology Update

VESA Certified DisplayHDR,
ClearMR and AdaptiveSync
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VESA Display Performance Standards

VESA's display performance work group has been busy since the initial
release of the DisplayHDR CTS in 2017.

» VESA Certified DisplayHDR r1.2 - update covered by GRL
« VESA Certified AdaptiveSync r1.1
* VESA Certified Clear Motion Ratio (CMR) r1.1
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DisplayHDR Summary

Industry’s first open HDR specification for LCD and emissive (OLED/microLED) displays
with a fully transparent testing methodology

More than 3000 display models certified under logo program to date makes VESA
Certified DisplayHDR one of the most successful logo programs in VESA history.

More details available at https://displayhdr.org

VESA Defines New Standard to Help Speed PC Industry
Adoption of High Dynamic Range Technology in Laptop and
Desktop Monitor Displays

DisplayHDR is industry’s first open HDR specification with a fully transparent testing
methodology

SAN JOSE, Calif. — December 11, 2017 — The Video Electronics Standards Association (VESA®)
today announced it has defined the display industry’s first fully open standard specifying high
dynamic range (HDR) quality, including luminance, color gamut, bit depth and rise time, through
the release of a test specification. The new VESA High-Performance Monitor and Display
~ompliance Test Specification (DisplayHDR) initially addresses the needs of laptop displays ar
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ClearMR Summary

VESA developed motion blur performance compliance test specification for LCD and
emissive (OLED/microLED) displays with a new Clear Motion Ratio (CMR) metric and
fully transparent testing methodology

More than 116 display models certified under ClearMR logo program to date

More details available at https://www.clearmr.org/

VESA BRINGS CLARITY TO MOTION BLUR IN DIGITAL DISPLAYS WITH NEW
COMPLIANCE TEST SPECIFICATION AND LOGO PROGRAM

ClearMR specification and logo program provide consumers with a true quality metric for grading motion blur performance for LCD and
OLED panels, TVs, desktop monitors and embedded displays

BEAVERTON, Ore. — August 22, 2022 - The Video Electronics Standards Association (VESA®) today

introduced the ClearMR Compliance Test Specification (ClearMR), an industry standard and logo program

that provides a new quality metric for grading motion blur in digital displays. ClearMR is applicable to both

LCD and emissive display products, including display panels, TVs, monitors, and computers with embedded

displays, such as all-in-ones, laptops, notebooks and tablets. The new metric Clear Motion Ratio (CMR), as 19
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VESA Adaptive-Sync Display Summary

* Industry’s first publicly open standard for front-of-screen performance of
variable refresh rate displays.

« More details available at https://www.adaptivesync.org/

VESA UPDATES ADAPTIVE-SYNC DISPLAY STANDARD WITH NEW DUAL-
MODE SUPPORT

|German|

VESA Certified AdaptiveSync Dual Mode logo offered for certified displays capable of higher refresh rates when operated in a lower-than-
maximum resolution mode

BEAVERTON, Ore. - January 3, 2024 - The Video Electronics Standards Association (VESA®) today announced that it has published an
update to its Adaptive-Sync Display Compliance Test Specification (Adaptive-Sync Display CTS), which is the first publicly open standard
for front-of-screen performance of variable refresh rate displays. Adaptive-Sync Display version 1.1a provides updated testing
procedures and logo support for an emerging category of displays that can operate at different maximum refresh rates when resolution
is reduced. This optional “Dual Mode"® testing and logo support allows display OEMs with qualifying hardware to certify their products at
two different sets of resolution and refresh rate (for example, 4K/144Hz and 1080p/280Hz).

20


https://www.adaptivesync.org/

W4 vEsa

Name : Alok K. Soni
Company : Teledyne LeCroy
Date: 10/09/2024 (09-Oct-2024)



W2 VEsa

VESA Approved DP2.1 Compliance Tests Coverage:

Source Device Tests: I

AUX and HPD (4.2.1.x) FEC (4.5.1.x)

EDID and DPCD (4.2.2.X) DSC (4.6.1x)

Link Training (4.3.1.x) EDID and NDID (4.7.x)
Link Maintenance (4.3.2.x) Adaptive Sync (4.8.x)
Video (4.3.3x, 4.4.1xand 4.4.2.X) LTTPR (4.9.1.X)

Power Management (4.4.3.x)

Audio (Under Review) (4.4.4.X)
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VESA Approved DP2.1 Compliance Tests Coverage:

Sink Device Tests: I

AUX(5.2.1x) Split SDP (5.4.5.x)
DPCD (5.2.2x) FEC (5.5.1x)

Link Training (5.3.1.x) DSC (5.6.x.X)

Link Maintenance (5.3.2.X) EDID and NDID (5.7 .X)
Video (5.4.1.x and 5.4.2.x) Adaptive Sync (5.8.1x)
Power Management (5.4.3.x) LTTPR (5.9.1x)

Audio (Under Review) (5.4.4.x)
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VESA Approved DP2.1 Compliance Tests Coverage:

LTTPR/Tunnel Device Tests: (Loopback setup tests)

LTTPR Cap (7.1.1x)
8b10b Transparent link Training (7.1.2.X)

8b10b Non-Transparent link Training (7.1.3.x)
128b132b Non-Transparent link Training (7.1.4.x)

Symbol Error (7.1.5.x)
8b10b FEC Error (7.1.6.X)

128b132b FEC Error (7.1.7.x)

8b10b Non-LTTPR link Training (7.1.8.x)
Link Maintenance (7.1.9.x)

DSC test for SST and MST (7.1.10.x)
HDCP test for SST and MST (7.1.11.x)

Split SDP (7.1.12.x)
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VESA Approved SCRs Lists (Post DP-v2.1-Link-CTS-r1.0) :

SCR Name & Status: | Change Highlights:

Deprecate test 4.3.2.5,
update tests 4.2.1.1, 4.2.1.2

and 7.1.1.4 -

SCR to DP v2.1 Link CTS

r1.0_multiple_comments_par
t1 ﬂ

Phase 7 Audio test update

Deprecated (lane count reduction)
and extra time to retry
LTTPR expected value change for Reg OXE and 0x220E

for AUX Defer Retry check

FOO008 value validation.

ime extended for check.

UHBR version of power management tests
DSC at max Pixel rate validation at UHBR Rate.

LTTPR First DPCD read FOO00h to FOO09h after Long HPD.
Typo correction and 4.6.1.x DSC source table CTS update.

Audio tests update to include UHBR rate.
Test Audio for both DSC and non compressed Video for up to UHBR rate.
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VESA Approved SCRs Lists (Post DP-v2.1-Link-CTS-r1.0) :

SCR Name & Status: Change Highlights:

SCR to DP v2.1Link CTS r1.0_ Display ID ARVR
HMD update

SCR to DP v2.1 Link CTS r1.0_ Minimum
HBlank_size and Vblank Period validation (

Many more SCR pending: based on following
document comments.

Update/New Test (5.7.1.x and 5.7.2.x) to cover new
version for ARVR HMD version.

New test 5.7.14.7 to validate Hblank and Vblank for
detail timing exposed in EDID/NDID.

https.//groups.vesa.org/wg/Test/document/20493

26
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DisplayPort Electrical
Testing Overview

Abhijeet Shinde
Keysight Technologies
10/09/2024



W2 vEsa

Agenda

« DP2.1a PHY Updates

« DP2.1a Electrical Compliance Test Requirements
« DP2.1a Transmitter Test

 DP2.1a Recelver Test

« eDP PHY Electrical Conformance Testing

29



m VESA DisplayPort Technology Update

DP2.1a PHY Updates

30
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DP2.1 to DP2.1a Electrical Updates

* No changes in 8b/10b electrical compliance testing
* New DP54 Cable model for UHBR10 and UHBR13.5 Source testing

« Test Limit changes in Source and Sink testing

31



UHBR10
. DPTX TP2
. Total Jitter =380 mUI
. Data-Dependent Jitter =160 mUlI
. Eye Width = 600 mUI
. Eye Height = 242 mV
UHBR13.5
. DPTX TP2

. Eye Height = 185 mV
. DPTX TP3_EQ
. Total Jitter =450 mUI
. Data-Dependent Jitter =200 mUlI
. Eye Width = 540 mUI
. Eye Height = 115 mV
. DPRX TP3_EQ
. Total Jitter =485 mUI
. Data-Dependent Jitter =240 mUI
. Eye Width = 540 mUI
. Eye Height = 112 mV

UHBR20

. DPTX TP2
. Total Jitter =435 mUlI
. Data-Dependent Jitter =200 mUI
. Eye Width = 540 mUI
. Eye Height = 240 mV
. DPTX TP3_EQ
. Total Jitter =455 mUlI
. Data-Dependent Jitter =210 mUl
. Eye Width = 560 mUI
. Eye Height = 100 mV
. DPRX TP3_EQ
. Data-Dependent Jitter =255 mUl
. Eye Width = 520 mUI
. Eye Height = 96 mV

. UHBR10

. DPTX TP2
. Total Jitter =440 mUI
. Data-Dependent Jitter =220 mUI
. Eye Width = 550 mUl
. Eye Height = 162 mV

. UHBR13.5

. DPTX TP2
. Eye Height = 200 mV
. DPTX TP3_EQ
. Total Jitter =515 mUI
. Data-Dependent Jitter =245 mUI
. Eye Width = 520 mUl
. Eye Height = 80 mV
. DPRX TP3_EQ
. Total Jitter =530 mUlI
. Data-Dependent Jitter =260 mUI
. Eye Width = 520 mUI
. Eye Height = 73 mV

. UHBR20

. DPTX TP2 EnhDP
. Total Jitter =495 mUlI
. Data-Dependent Jitter =220 mUI
. Eye Width = 530 mUlI
. Eye Height = 170 mV
. DPTX TP3_EQ EnhDP
. Total Jitter =510 mUlI
. Data-Dependent Jitter =242 mUI
. Eye Width = 550 mUI
. Eye Height = 84 mV
. DPRX TP3_EQ EnhDP
. Data-Dependent Jitter =265 mUI
. Eye Width = 510 mUI
. Eye Height = 80 mV

DPTX TP2 USB-C

Total Jitter =480 mUI

DPTX TP3EQ USB-C

Total Jitter = 500 mUI
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m VESA DisplayPort Technology Update

DP2.1a Electrical Compliance
Test Requirement

33
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DisplayPort Interface

Main Link

« Display data transfer
* 4 unidirectional high-speed lanes
« Multiple bitrates supported

Main Link
AUX Channel

Source Device Sink Device

AUX Channel

* Link management
Test mode control
1 bidirectional low-speed lane

Source detects presence of sink
Sink notifies of status changes via IRQ
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Test Points

TP1 Source transmitter pins.
P2 Test interface of a TPA, next to mated connection to a
DP source. TP1 P2 P3 TP4
P2’ RX JTOL signal injection point for DUTs with plug.
TP2_CTLE RX JTOL calibration and test point for DUTs with plug.
TP3 Test interface of a TPA, next to mated connection to a
DP sink.
TP3' Signal injection point to a DP sink.
TP3_EQ TP3 using a defined cable model with equalization P2
applied.’
TP3_CTLE TP3 using a defined HBR3 cable model with CTLE TP3 EQ
applied. _
TP3_DFE TP3 using a defined HBR3 cable model with CTLE and
DFE applied.

TP4 Sink receiver pins.
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Test Point Access Examples
DPTX Testing DPRX Testing

Plu Plu
Receptacle ‘ ‘ Receptacle

TP2 = To Scope Stressed signal > TP3'

Receptacle

m Tethered Sink

Plug

Stressed signal = TP2'
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How to test the PHY layer?

Source
« Configure the source to output test patterns with certain drive settings > AUX controller
« Embed worst-case channels, apply equalization on the oscilloscope

e Run measurements

Sink
* Generate the stress signal with a pattern generator
* Guide the sink through Link Training - AUX controller

 Read built-in error counter > AUX controller
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DP2.1a Transmitter Test

38
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Electrical Transmitter Tests

Normative/ 5
Item Name e Normatlye/
Informative
31 Eye Diagram Test Normative
— - 4.2 Preset and CTLE-DFE Declaration Normative
32 HBR/RBR Non-PE Level Verification Test Normative
. X X X X 43 UHBR Source Transmitter Equalization Normative
33 HBR/RBR PE Level Verification and Maximum Differential Peak-to-Peak Voltage Test Normative
34 HBR3/HBR2 PE Level and Equalization Verification Test Normative & ShlERIBRaS NETERE
35 HBR3/HBR2 Vi ppsp i TeSt N 4.4 UHBR Unit Interval Informative
36 Inter-pair Skew Test Informative 45 UHBR SSC Down Spread Range, Rate, Phase Deviation, and Slew Rate Normative
37 Intra-pair Skew Test Informative 46 UHBR Embedded Re-timer Frequency Variation Normative
38 AC Common Mode Noise Test Informative Ay UHBR TP2 Eye at 1E-6 BER Normative
39 Non-ISI Jitter Measurement Test Normative 4.8 UHBR TP2 Jitter at 1E-9 BER Normative
3.10 HBR3 TX Differential RL Test Informative 49 UHBR AC Common Mode Nosie Test Informative
3n TJ/RJ/DJ Measurement Tests Normative 410 UHBR TP3_EQ Eye at 1E-6 Normative
3.12 Main-Link Frequency Compliance Test Normative 41 UHBR TP3_CTLE Jitter at 1E-9 Informative
3.13 Spread-spectrum Modulation Frequency Test Normative 412 UHBR Transmitter Return Loss Informative
3.14 Spread-spectrum Modulation Deviation Test Normative
3.15 dF/dT Spread-spectrum Deviation High-frequency Variation Test Informative

8b/10b 128b/132b
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LTTPR Frequency Variation Test

« LTTPRs are needed as total channel loss increases
with the PHY rate Joren

* Longer channel
*  More complex link training

« LTTPR Re-timer Clock Switch Test Mode

DPCD 0x0010B — 0x0010Eh [7] =1

» Initial Test Challenges
Entering Clock Switch test mode
Triggering on LTTPR local clock event

Fraqeney Varsion PP)

clock
switch
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DP TX testing challenges

* The test time for DP TX is significant
» DP Source not supporting PHY Test Automation

» DP Source does not transmit the compliance pattern

41
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DP2.1a Recelver Test

42
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Electrical Receiver Tests

Normative/ Normative/

Informative Informative

5.1 8b/10b DP Sink JTOL Test Normative 6.1 128b/132b DP UHBR Sink JTOL Test Normative

Calibration Point
Calibration Point

51312 TP1-TP3 HBR2 Jitter Calibration
51314 TP2/TP3 HBR3 Eye Height and Total Jitter Calibration

Random Jitter Calibration

- Total Jitter Calibration
51314 HBR Eye Height and Total Jitter Calibration

Insertion Loss Calibration

5132 TP2/TP3 RBR Jitter Calibration

51321 TP3 RBR Crosstalk Calibration

43
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DP RX testing challenges

« DP Sink does not enable error count registers

« DP RX Preset calibration to be required — impacts TE
correlation results

 (Calibrations take a significant amount of time
 Different setup needs for 8b/10b and 128b/132b

44



m VESA DisplayPort Technology Update

Embedded DisplayPort

45
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eDP

Standardized features and
interoperability guidelines

 Feature set determined by
the system integrator

Current specification is eDP1.5a
« Based on DP1.4a

No compliance program =
Conformance Test!!

Display Panel

Device Motherboard
or Video Subsystem | ____ Display EDID Memory
s Y
’ eDP \
: Interface :
_____ I I —————
I : Main-Link : 1
video! | eDP T - — eop I
Graphics Source 1 _ |y AUX CH | Sink isplay f
Pracessing : Device Y ] Device : Control D|sp'ay
Circuit : Function 1 HPD | Function |
_____ o sa SRR
N ————
Control
Backlight Control / 4>| oo
>

4/

Implementation Options

~

27
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Required

DPCD registers for eDP
Reduced AUX timing
Enhanced framing

Fast link training (sink)

eDP-specific sink noise/jitter
budget, reference EQ

Optional

Low AUX voltage swing

Source detection by way of
AUX CH

STREAM_STATUS_CHANGED
bits support

GUID registers support
Fast link training (host)

Reduced main-link voltage
swing level

EDID

HPD pin on sink device

Key Differences eDP1.5 vs DP2.1a 8b/10b rates

Recommended

Fewest number of lanes
possible
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Main Link Differences
« Eight nominal rates « TP3_EQ total jitter budget

« Custom rates supported « BER =107

10
8.1
7.5
54
_g 5 432 Test Point Description I/N DJyviax Tluax
O 324 TP1 eDPTX package pin Informative 0.17 Ul 0.27 Ul
2.43 2.7 Source device eDP _
2.3 1.62 216 P2 cable connector Informative N/A N/A
3 Sink device (panel) eDP ) . )
I cable connector
0 After reference RX
TP3_EQ . Normative 0.41Ul 0.50 Ul
Rate 1 Rate 2 Rate 3 Rate 4 Rate 5 Rate 6 Rate 7 Rate 8 equalizer
RBR HBR HBR2 HBR3 TP4 eDPRX package pins Informative 046Ul | 0.55Ul
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AUX Channel Differences

* No AC-coupling capacitors on Sink device side

* No pull-up/-down resistors
* Why?

* The Sink device does not monitor the common mode voltage on AUX_CH_P and
AUX_CH_N for Source device Hot Plug/Unplug and powered/unpowered detection
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eDP Electrical Specification

* Low voltage swing levels

« Framework to apply optional customized voltage swings

« Reduced RX differential voltage sensitivity

* New transfer rates

- Framework to apply jitter specifications to optional customized frequencies

« Same Link Training procedures and voltage swing tables like DP, but with lower
signal voltages
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eDP Transmitter Test

¢ Te St PO I nt/F IXtu re Recommended Source Main-Link TX Electrical Specification

TP1 P2 P3  TP4 Hink Rate
Unit Interval

Total Jitter

eDP Cable
Residual ISI
1
! ! Non-ISl
P2’ TP3’ ,

RX EQ Eye Diagram

TP3_EQ

51
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eDP Receiver Test

 Test Point/Fixture

Sink JTOL Test

eDP Cable
Calibration Point RX Calibration
TP1

Sinusoidal Jitter Calibration

Stressed signal

TP1 Random Jitter Calibration
TP3 Residual ISI

TP3 Eye Diagram

TP3 Crosstalk

52
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eDP2.0 Update

eDP2.0 draft v0.7 published on Aug 29, 2024
Supports 128b/132b encoding

Supports UHBR data rates
+ UHBR10, UHBR13.5 and UHBR20

Leverages worst-case end-to-end link budget from
DP2.1a

53
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Thank You!

54
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Mike Micheletti
Product Manager

Teledyne LeCroy
10/09/2024




4 vesa A Closer Look at DP Alt-Mode 2.1

« Agenda
 DisplayPort 2.1 & Alt Mode Updates
« DP Alt Mode Overview
» Type-C pin configurations
- DPAM 2.1 Version Resolution
- DPAM 2.1 Cable Discovery
- DPAM 2.1 Configuration walk-through
« DPAM 2.1 Compliance Overview




M vesa  Alternate-Mode Usage Cases

* Alternate Modes

* Goal - Leverage multi-lane Type-C cable to
support alternate communications standards over
a single physical cable

« Applications
« DisplayPort 1.4 / 2.1
* Thunderbolt™ 3

57




¥4 visa DP Alt-mode Lane Configurations

i v =:
20Gbps =»

Up to

HBR3

2-lane DisplayPort & 2-lane USB (Configuration D)

3 | Up to
406bps 2 UHBR20

4-lane DisplayPort (Configuration C)
[ T USB32 1 DisplayPort Native

« Two diff pairs allow up to HBR3 (config: D)
 Four diff pairs allow up to UHBR20 (config: C, E)




DisplayPort 2.1 & DPAM 2.1 Updates

".‘ TELEDYNE LECROY

Everywhereyoulook’




¥4 vesa What is new in DisplayPort 2.1 Base Spec
« DP56/DP80- Allows UHBR20 ‘native’ DP cables/connectors
 Active Cables (LTTPR Retimer / LRD) ii- el——

e USB4 PHY Electrical specification alignment (IR-loss...etc)
e USB4 tunnel changes for UHBR rates

* Revised Link Training - DPCD registers as LTTPR “Intra-Hop AUX”
 AUX-less ALPM - Power management control over high-speed lines

e CablelD allows DP-Tx/DP-Rx to identify DP56 / DP80 cables

* Lots of Clarifications and improvements . UsB4 \UHBR0 E
Type-C Dock or  Native DP

Branch
device 10/10/2024




¥4 vEsa What is new in DisplayPort 2.1 Base Spec

Active Cables (LTTPR Retimer / LRD) [ o —

USB4 PHY Electrical specification alignment (IR-loss...etc)
e USB4 tunnel changes for UHBR rates

Revised Link Training - DPCD registers as LTTPR “Intra-Hop AUX”

AUX-less ALPM - Power management control over high-speed lines

° . USB4 /~\ UHBR-10 E
I
Type-C Dock or  Native DP
Branch
device 10/10/2024




¥ vesa USB-C DP Alt Mode Signaling

splayPort

splayPort Source

Main Link (Video/Audio/Control/Framing -

Isochronous Streams — 4 lanes)

AN

Aux Channel — Link/Device Managemgnt

Hot Plug

Detect — Interrupt Reque

DisplayPort
Cable

DisplayPort Sink (Monitor/TV)

Main Link: high-bandwidth channel used to
transport video/audio

= 1, 2 or 4 Lane Configurations
=  Link rates:1.62Gbps — 20Gbps
Aux Channel:
=  Bidirectional 1Mbps
Hot plug signal:
Connection Detection
Interrupt mechanism

"\‘ TELEDYNE LECROY
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™ vesa M42de Supports DP Alt-Mode SRC/SNK Testing

"\

USB-C DP Alt Mode
Laptop DFP (Source)

M42de USB-C / DP

M42de USB-C / DP
Video Analyzer

DP Alt-Mode Sink (Monitor)

Video Generator

42de

TELEDYNE LECROY
Everywhereyoulook™

# Protocol Analysis - Source Testing
Sink emulation EDID, DPCD.
Protocol Analysis — Main Link & Aux

Compliance Testing - Link Layer,
(including FEC), DSC, HDCP

# Video Generation - Sink Testing

Source emulation and Link Training
control.

Video Pattern Testing —generation of
Display Stream Compression (DSC)
Panel Replay and FEC.

Compliance Testing (Link Layer, FEC,
HDCP).

& DP Alt Mode Testing

Run all VESA source and sink testing
through the USB-C DP Alt Mode ports.




W4 VvEsa USB-C DP Alt Mode - High Level Overview

Key roles for PD/CC messages: SRS aptiiealBlancis A
1. Discovery DP Alt Mode Capabilities e lter
2. Decide which Pin Configuration to use transactions
’ ) 9 Shows full DP-Alt Mode
* DPSink entry flow
* Active cables Captures all AUX
channel transactions

DP Alt Mode Display

UFP (Sink) Real-time

DP Alt Mode Laptop
DFP (Source)

USB-C cable

"\‘ TELEDYNE LECROY

Everywhereyoulook™



™ visa Getting Ready for DP Alt Mode...

Initial Type-C State Detection
Starts tAMETimeout timer
If Sink does not enter DP Alt Mode within 1

Y ——»{ Start tAMETimeout Timer

Sec UFP_U shall present a USB billboard
Negotiate initial PD Power Contract 507 Dscoa
Establish port’s data role

Port assumes the role of either: N

DFP_U e |

UFP U
Complete any other PD transactions before (RSPt
starting DisplayPort Alt Mode (ie: PR_Swap) T

DFP? USB Mode, USB Configuration

UFP?

= ;\l\/\r'/- () e

10/10/2024




DPAM 2.1 Version Resolution

".‘ TELEDYNE LECROY
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M veEsa  Key Changes: DISCOVER MODE Response

Version 2.0 or earlier.

DPAM Version' 00b
01b =Version 2.1 or higher.

SOP
DPAM2.0 DPAMZ.1

Table 5-8: D Capabilities (VDO in the Respondsr USB P Discover Modes,

Table 53¢ u Bt Gescription
Bt} Gescription Values? T0 | Por Capabiiy
TO | Fon Copabity 0%~ RESERVED.
01b = DP Sink device capable (including DP Branch device)
10 = DP Soue device cpable fiachuding DP Beaoch device). 110.= Both DP Sourc 10 Ssk device <
1= Both D Source 104 Sk deice-capable 3| Sipwalng o Trampert ORI~ Sepports DF biraies 18 - il sy et
53| Sipasing ox Traport ST = Suppors D Sandard b ees sl elecincalveings (0all " .
X1 = RESERVED. X100 - RESERVED
XIX)b - RESERVED. 1000 - RESERVED ]
0K - RESERVED & [ Recepeacis adication = DP ikt & preated
& Rovepet =P e i T OB C i N I e ,Q_;'";"’;,M D PA M 2 ’]
B [ 1 I .
pes t = AB = AT cor- Ba - B whide Lo 20t (- A7 —er- B - BT while = — '
i DislayPont Coufiuraton i 2] pion
1= 058 7t e A6 A7 <o B6 - 87wl e R £ 7 Ty e — m mr-:\ﬁln :-“-’Rb\f:wm::xzwo” -
| e Coad e e o dnmn g, | oo . e
e =D Sonwee devios i seipamsent s o " 2 DF Sounce - o, appons D bi e
s Sl e | 000000 = RESERVED dery g ae - l;ﬁ L s PRt | g e R 01 5
¥ 5 DP Source devce - oo frssignmens € s mppane \acling UHBR10 20d UHBKID)
P Suk deuce | JOOOOKKIXD = RESERVED. irect-aach) plog) p— s SOP’ Cable DP Capabilities (DPAM2.0) At s e RESERVED b g s
{darect-anach) plag) XXKKKIKND = Pins Asstgrment € 13 supported.? e s Bi Field e e
. oo Pin Assguenent E is spponed® its ie ERVED (s
OOXIXIKD = P Assgrment 1 1s spporied ¢ 2 158 DF Sous ce Devicn Pin OCh = Pus Avegmanents C s D are wpporied.
o0 WED. ~ —
JOOK1XKE = Pin Assignment E is supported X B31-24 Reserved 00000006\ 10 53-Cad DF onpecin P T—
P —— fi— - - A - Al ther s ae RESERVED,
XDOOOOCK = RESERVED. 25T D Sik Geevct pi TSRS ek Sppared B23-16 DP Sink Device Pin Assignment Supported | 0000 1100b N L = o
IXXXXXXXb = RESERVED. Assiguments Supparied Ih = RESERVED. . . . -
(reparied by _ 10= LS and D coanecto P Asignmest s eppocied.
g Sy oy per— - e —— ‘. - RESERVED. B15-8 | DP Source Device Pin Assignment Supported | 0000 1100b
S| 57 Sk Do s | 08000~ 7Sk i e T ——
i | oo e e ek s e 576 PY—— ooh o —
e X000 X000 = Pin Assapnament D 15 supporied.© ¢ THERILS
3OO0 = Pin Assigrment E i spported B5-2 Signal for Transport of DP Protocol 0001b CHEBRES 5 i cppoted !
RESERVED. RESERVED RESERVED (always 0)
p— B1-0 Reserved Q0b “Acine Componeat | 000 = Brane
130000000 - RESERVED. 01 = Actie e i
FESERVED FESERVED (s 00 o
3130 | DPAM Versian' 000 = Vession 2.0 ot calic. _ 116 = Opc
: 015= Versian 2 | o Higher N BEAN Crron =g v
T | RESERVED RESERVED (afways 01) . " o —

Discover Modes Response from UFP Discover Modes Response from Cable
10/10/2024




W4 VEsh  Key Changes: DISCOVER MODE Response

Discover ID and Discover Modes (DP Capabilities) Response

will be identified by having a non-zero value i bits 31:24 of the VDO. The DFP_U shall examine
the list of modes returned until it finds Os 1n bits 31:24 of the VDO and a non-zero value 1n bits 23:0)
of the VDO (1.e_, DisplayPort capabilities). The DFP U and UFP_U shall use the cmrespundmg
Postiion m the Enter Mode TJlsplayf’m't Configure

3 ¥

i |
N Table 5.5: DF
Table 55 the Rezpandar 1 N S
Bilz] Description Values? T0 | Por Capabiiy
0| P Copabily 00 = RESERVED.
01b = DP Siak device capable (including DP Braach device).
capable inchuding DP Beaoch device)
ik device-capable 53 [ Sigualig for Tramsport
Sigaalng fr Tramport ST = Suppors D Sandard b ees sl elecincalveings (0all ”
of
X1 = RESERVED.
X130 = RESERVED. 1
pRe——— T [ Fecepiacis ndication
A =—r— = 5P e e 555 € ] - DPAM2 ’]
1= DP anterface is presented on 3 USB-C receptacle. TS 10 Sigaaling Net Used
TS 70 Sipaling Mot Ul =0 A& A7 or- B5 - BT Wk
e o Digtoton e, ST | Derion
o[ EmsEEvED FESERVED (i 506)
DPAM2.0 ooz e
158 | DF Source Device Pin. M o i E
?““","JZ.“"M . . ot 301e.5. 0111 sappors all D bt e
eporied by 3 DF Source device o .
recepacle ex DP Sk device SOP' Cable DP Capabilities (DPAM2.0)
: e | wEstRvED
XXKXIXXXb = Pins Assigmment D s suppested = Field CTS Value 58 | DF seurce Devica Pin | 01
XUCC = i Asigmneat £ g Reserved 0000 0000b e epered
XKD - RESERVED. - - - -
X000 = RESERVED. DP Sink Device Pin Assignment Supported | 0000 1100b N LN
IXXXXXXXb = RESERVED. N N .
TG | Gk Do P Agmers | GO0 = DF Sk v i e e o o DP Source Device Pin Assignment Supported | 0000 1100b
reported by Sink TR -
Reserved 00b EENE )
P
— Pin Assigomment E i sepperied® B5-2 Signal for Transport of DP Protocol 0001b
- RESERVED. T RS
—~ RESERVED B1-0 Reserved Q0b St | Acine Compont
T —— -
XIXKCK - RESEL 31 | RESERVED T
3OCXO0 = RES] 3130 | DEAM Version @0 = Vession 2.0 or carli e b
3131 | RESERVED RESERVED (dways 000 1b = Version 2 | or higher a

Discover Modes Response from UFP Discover Modes Response from Cable
10/10/2024




M4 vesa  Structured VDM Version

SVDM Version Revised in Power

Delivery Spec (Revision 1.3; Version 1.6)
Adds Major & Minor “VDM?” version fields

Table 5-4: SVDM Header

Bit{s) Description

Values

Command

0h=RESERVED. shall not be used.

b = USE PD Discover Identity.

2h = USE PD Discover SVIDs.

3h = USE PD Discover Modes.

4h = Enter Mode.

5h = Exit Mode.

6h = USE P Attention.

Th- Fh=RESERVED., shall not be used.
10k = DisplayPort Stams Update.

11k = DisplayPort Configure.

12h - 1Fh = RESERVED for DP_SID use

12:11

Structured VDM
Version (Minor)*

Version number (Minor) of the SVDM (not the USE PD version
number).

01b = Version 2.1

RESERVED (always 0).

006 = REQ (Request Eom Inifistor Por).
01b= ACK (USB PD Responder ACK response).
10b = NAK (UUSB PD Responder NAK response).
11b=BUSY (USB PD Responder BUSY response).

14:13

Structured VDM
Version (Major)®

Version number (Major) of the S\-FDM (not the USB PD version
number).

00b = Version 2.0 or earlier.

01b = Version 2 x (x indicates SVDM minor version)

For Enter Mode Command requests/responses, Exit Mode Command

requests/rasponses, and USE PD Anention Command requests:

+  000b=RESERVED.
001b - 110b = Index into the list of Vendor Definad Objects
(VDO:) to identify the needed Mode VDO

+ 111b=Exit all Activa Modes (squivalent of 2 power-on rasat)
Shall only b used with an Exir Mode Command requact.

For USH PD Discover Identity, Discaver SVIDs, and Discover
Modes C d 1eg ponses:

e SVDM Minor: 2.0

= DP Alt mode 2.0
o SVDM Minor: 2.1 = DP Alt mode 2.1

+  000b
*  001b-111b =RESERVED.

Version number (Minor) of the SVDM (not the USE PD version
number).

00b = Version 2 0 or earlier

01b = Version 2.1

All other values are RESERVED.

Version number (Major) of the SVDM (not the USE PD version
number).

00b = Version 2.0 or earlier.

01b = Version 2x. (x indicates SVDM mior versioz)

All other values are RESERVED.

1=S5VDM.

All other values are RESERVED.

12 Structured VDM Version
(Minor)*

1313 Structured VDM Version
(Major)*

5 VDM Tipe

316 Standard or Vendor ID

(SVID)

Baze SID (for 2 USE PD Discover SVIDs Command request)
or DP_SID, a 16-bit unsigned integer, assiznad by the USB-IF

10/10/2024




¥4 vEsa SVDM Version Resolution Example

DISCOVER SOP’

SVDM Version resolution
DISCOVER IDENTITY (SOP’/ UFP)
DISCOVER SVIDs (SOP’/ UFP)

DISCOVER MODES (SOP’/ UFP)

DFP_U sends Discover Modes
IF response “SVDM version = 2.1"
then use “DPAM 2.1"

Else must use “DPAM 2.0"

Cable = SVDM
2.10r later?

ENTER MODE (SOP’/ UFP) YES = == EEm
DP CONFIGURE (SOP’/ UFP) (may support I Y
DP AM 2 ,I) Umne,&nvifiﬁ&:%vm 20 umm,&nn;igimﬁ;m»’“i;

PAM 2.1 orlater

10/10/2024



W4 vesa S\VDM Version Resolution Example

DISCOVER SOP
(UFP_U)

SVDM Version resolution
DISCOVER IDENTITY (SOP’/ UFP)
DISCOVER SVIDs (SOP’/ UFP)

DISCOVER MODES (SOP’/ UFP)

DFP_U sends Discover Modes
IF response “SVDM version = 2.1"
then use “DPAM 2.1"

Else must use "DPAM 2.0"
ENTER MODE (SOP’/ UFP) YES

DP CONFIGURE (SOP’/ UFP) (may support 1 |

UFP_U = SVDM
2.10r later?

ooooo

PAM 2.1 orlater

10/10/2024




¥4 vesa SVDM Version Resolution Example

DISCOVER SVIDs &
MODES (sop)

SVDM Version resolution
DISCOVER IDENTITY (SOP’/ UFP)
DISCOVER SVIDs (SOP’/ UFP)

DISCOVER MODES (SOP’/ UFP)

DFP_U sends Discover Modes
IF response “SVDM version = 2.1"
then use “DPAM 2.1"

Else must use “DPAM 2.0"

SOP" = DPAM
v2.1 or later?

ENTER MODE (SOP’/ UFP) YES e
DP CONFIGURE (SOP’/ UFP) (SOP’ shall respond
DP AM 2’] In DP uﬁiwéﬁp'f‘”zé‘"%i"zu uifi”?ﬂ»’?“iﬁglﬁfﬁ‘u

Capabilities)

PAM 2.1 orlater

10/10/2024



W4 vesa SVDM Version Resolution Example

e
T

SVDM Version resolution
DISCOVER IDENTITY (SOP’/ UFP)
DISCOVER SVIDs (SOP’/ UFP)

DISCOVER MODES (SOP’/ UFP)

DFP_U sends Discover Modes
IF response “SVDM version = 2.1"
then use “DPAM 2.1"

Else must use “DPAM 2.0"

UFP = DPAM V2.1
or later?

ENTER MODE (SOP’/ UFP) YES = e
DP CONFIGURE (SOP’/ UFP) (UFP shall respond
DPAM 2.1in DP
Capabilities)

10/10/2024



¥ vesa SVDM Version Resolution Example

ENTER MODE &
DP CONFIGURE

(SOP’ / UFP)
SVDM Version resolution
DISCOVER IDENTITY (SOP’/ UFP) ~
DISCOVER SVIDs (SOP’/ UFP) ENTER MODE &

DISCOVER MODES (SOP"/ UFP) | PP CONFIGURE

DFP_U sends Discover Modes BOP /UFP)

IF response “SVDM version = 2.1" l

then use “DPAM 2.1"

Else must use "DPAM 2.0" (DP Alt Mode 2'1>
ENTER MODE (SOP’/ UFP) or later

'SP’ DPAM Mode Entry, DPStatus P DPAM Mode Entry, DPStatus
Updote, & OP Configure for DPAM.0 Updote, & OP Configure for DPAM2.1
orearier | N || orkrer
S0P DPAM Mode Entry, DP Status
Update, & 0P Configure for DPAM2.0
orarer

ssssssssssssssssssssss

ooooo

PAM 2.1 orlater

10/10/2024




W4 vesa DP Alt-Mode SVDM Resolution Scenarios
DFP sends DPAM2.0 DP Configure DFP sends DPAM2.1 DP Configure

DPAM2.1 Source < DPAM2.1 Active Cable SVDM2.1 > DPAM2.1 Sink
DPAM2.1 Source AV T Acive CableSVDNa L DPAM2.0 Sink sVbmM2.1 SVbDm 2.1
SVDM 2.1 : : SVDM 2.0
DPAM?2.1 Source DPAM2.1 Sink
DPAM2.1 Source DPAM2.0 Sink < Passive TBT3 or USB >
i SVDM 2.1 SVDM 2.1
SVDM 2.1 < Passive TBT3 or USB > SVDM 2.0
DPAM2.1 Source — DPAM2.1 Sink
SV 21 < DPAM2.0 Active Cable SVDM2.0 :> SVOM 2.1
DPAM2.0 Source - DPAM2.1 Sink
VDM 2.0 < DPAM2.1 Active Cable SVDM2.1 > VDM 2.1
(Limited to HBR3)
DPAM2.0 Source . DPAM2.1 Sink
VDM 2.0 < Passive TBT3 or USB > VDM 2.1

10/10/2024




WA Vesa Key Field Changes: DISCOVER MODE Response

29-2gd | Active Component 00b = Passive.
01b = Active re-timer.
10b = Active re-driver.
11b = Optical.

Signaling for XXX 1b = Supports all defined DP bit rates up to HBR3.
Transport of XX1Xb = Supports DP bit rate UHBR10.

DisplayPort Proto col? . .
SO P K1XXb = Supports DP bit rate of UHBR20 (e.g.. 0111b supports all DP bit rates,
including UHBR10 and UHBR20).

DPAM2.0 DPAMZ 1 \

Table 5-5: DP Gapabilities (VDO in the Respondsr USE PO Discover Modes,

N e B v e UHBE13.5 0 =UHBR13.5 1s not supported.

Fort Capabilicy 3

T0 | Pod Capabiiy 006 = RESERVED. o

01b = DP Siak device.capable (including D Branch device) 1

106 = DP Source devace-capalble (including DP Branch device) '

1= Bash DP Sousce 324 Sink device-capable 53| Sigualing for Tramsport 000

33| Sigaaling for Transgert KT = Supports DP Siandare ba s sl elechical sitngs (Shal "
of

Sk device-capable (inchadiag DP e
P Sousce device-capable (inchuding J faesce)

ey A 1 =UHBR13.5 is supported.®

XX1¥5 = RESERVED

X1 = RESERVED. X100 - RESERVED
XIX)b - RESERVED. 1000 - RESERVED ]
500K - RESERVED: & [ Recepiacts lndication u-.v..m.«mmm?/ /
R =N B— DPAMA\T
N . T | TSE L0 S T TS Z0may eSS
_ 12 0F e et S e [
i e e e Jre A e \
i Disply Port Configuraton spayPor C ; —
1= USB 20 ot nerded on AS - A7 —or- BS - BT wiile v | e e RESERVED ESSERVED Gl )
in DislayPor Coofiguration amment cuppuried . Sanwine o 001 = Sappocts l deied DF bt e\ o A
158 DF Source Devace Pin. 00000000k = DP Source devics pinl assagumsents are ot supported. DP Source pet JOC1X0h = Supparts DF bit eate UHBRI0
o o Display Part Frotecol®
(A%\m“i;p;wd - 000K = RESERVED. Py o or xlm:!um&!:humnfl‘ﬂal:n . DL11b suppors all DF bat ates.
repanted by a DP Source device - o o \acling UHBR10 20d UHBKID)
e DR ke | . (i SOP' Cable DP Capabilities (DPAM2.0) T ——
£ supparted - - : -
S — Bits Field CTs Va\ =
OO0 = Pin Assigament E is supported © B31-24 Reserved 0000
XXUOO00G - RESERVED. Al e ol RESEEVED.
XI0000CK = RESERVED. EE = D Sk GEicE i A BT 1€ 8 ST B23-16 DP Sink Device Pin Assignment Supported | 0000 1100b B e\ e
L - RESERVED. -\“nnw“wn”“m 16 - RESERVED. i i i 10h = L'58-C and D connector Pin Assignmest £ is s ted
G| TP S e e e | GO0 5 ik v e e eepnce 1500 ~ RESERVED. B15-8 | DP Source Device Pin Assignment Supported | 0000 1100b - -
Supganed (seporrzd by 3 DP i 1 - RESERVED: D Saurte devie K1 KK = Pin Ass - :
e e o DF e | U000 sigmen C is supporied X FESERVED (vap o8
e e (et atach) pep AC00X1Y000 - P Asipunear Dis ppone B7-6 Reserved 00b e
X000 100 = Pin Assigument C is supparted| N — B5-2 Signal for Transport of DP Protocol 0001b 35
3000K1X00G = Pis Assigament D is suppocted & XXIX0000 - RESERVED SESERVED
A0 T A gt e —— B1-0 Reserved 000 oo
B —— 1000000 - RESERVED
Y1000 - RESERVED. TH | D RESERVED (aways 00
10000000 = RESERVED 3130 | DPAM Version' 800 = Vession 2.0 or carlies N
N | BEAN Veran
3131 | RESERVED RESERVED (dways 00) 1b = Version 2 | or higher

Discover Modes Response from UFP Discover Modes Response from Cable
10/10/2024




DP Alt Mode 2.1

Configuration with Active Cable

".‘ TELEDYNE LECROY
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WA Vesa Active Cables: “Retimers” and “Linear R

= DFP_U Must send ENTER

MODE to the Cable

= C-to-DP Adapters: should support

“reversible” operation

= if not, visually indicate which

direction they support

= Active Type-C Cables must support
one bidirectional USB 3.2 link

Unknown Behavior

May work with Maximum Cable eMarker

Signal Rate HBR3
(see Note 1 and Note 8)

No
DP Support

No

Modal

Passive
Cable Product
Type?

Active
Cable

No
DP Support

USB 3.2 Gen 1, USB4 Gen 2 = UHBR10
(see Note 6)
USB 3.2 Gen 2 = UHBR10

DisplayPort Configuration VDO
Maximum Cable Signal Rate (see Note 1)
USB4 Gen 3 (or higher) = UHBR20 (see Note 7)

Operation?

Discover
Identity
(SOP")

present?

lYes

Initiator/Responder shall
resolve Structured VDM
Version (See Note 9)

Passive
Cable

Product
Type?

Active
Cable

Modal
Operation?

No
DP Support

! DPSID
and
I TBTSID
DPSID
—or—
i TBTSID

Initiator/Responder shall
resolve DPAM version
(see Note 10)

Re-timed?
Bit 22
(see Note 4)

IDPSID

No
DP Support

DisplayPort Configuration VDO
Maximum Cable Signal Rate
(see Notes 2,7, 9)
Pin Assignments Supported

Passive or
Active? Bit 25
(see Note 5)

Active

Passive

DP Cable Max Signaling
Bits [18:16] (see Notes 3, 6)
001b or 010b = UHBR10
011b = UHBR20

10/10/2024



™ Vvesa  DFP Sends Discover Identity to the Cable (SOP’)

USB Highest Speed
UsSB4 G323

Cable Term
Both ends Active, Vconn required

Active Element
Active Retimer

Discover |dantity Frod Type (VDM Ver
Active Cable | Ver 2.1

DP Alt Mode (Sink)

DP Alt Mode (Source) [&s

"\‘ TELEDYNE LECROY

Everywhereyoulook™ 10/10/2024 79



W4 vesa  DFP Negotiates Initial Power Delivery Contract

DP Alt Mode (Sink)

Voltage
500V

DP Alt Mode (Source)

g
Power Megotiation | Fixed

"\‘ TELEDYNE LECROY
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W4 vesa  DFP Sends Discover Identity to the Sink (SOP)

DP Alt Mode (Sink)

DP Alt Mode (Source)

Discover |dentity ACK Ver 2.1 |Supported

A biscover Identity > <:: Cmd Cmd Type |[VDM Ver |Modal Opr

UsB-C

"\‘ TELEDYNE LECROY
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W4 vesa DFP Sends Discover SVIDs to the Cable (SOP’)

DP Alt Mode (Sink)

{h'rl:lTypE

DP Alt Mode (Source)

10/10/2024
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W4 vesa DFP Sends Discover Modes to the Cable (SOP’)

Signaling DPAM Ver Active Comp.
106G, 206G 2.1 Retimer

DP Alt Mode (Sink)
Vendaor ID Cmd Type
e i e R i |

DP Alt Mode (Source)

\
|
il Cable: 011

"\‘ TELEDYNE LECROY
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W4 vesa DFP Sends Discover SVIDs to the Sink (SOP)

DP Alt Mode (Sink)

DP Alt Mode (Source) SVIDO Pad O

DisplayPort| 0x0000

P Cmd
Discover SVIDs

"\‘ TELEDYNE LECROY
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W4 vesa DFP Sends Discover Modes to the Sink (SOP)

DP Alt Mode (Sink)

DP Alt Mode (Source) — [FRSSEEES = a0 UFP_D Pins . DP&M
e ACK C.D.E |DPv21

UsB-C

iscover Modes

DisplayPort

"\‘ TELEDYNE LECROY

10/10/2024 85
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W4 vesa DFP Sends Enter Mode to the Cable (SOP)

DP Alt Mode (Sink)

DP Alt Mode (Source)

veriose G o |Beiare
DisplayFort ACH DisplayPort

UsB-C

"\‘ TELEDYNE LECROY
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W4 vesa DFP Sends Enter Mode to the Sink (SOP)

DP Alt Mode (Sink)

DP Alt Mode (Source)

Vendor 1D | Cmd Type [ Vendar ID
DisplayFPort ACK DisplayFort

USB-C

"\‘ TELEDYNE LECROY
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W4 vesa DFP Sends DP Status to the Sink (SOP)

DP Alt Mode (Sink)

DP Alt Mode (Source)

SRC =—

3 Conn Cmd Type Adaptar Func
DF Status m ACK UFP_D Enabled

"\‘ TELEDYNE LECROY
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W4 vesa DFP Sends DP Status to the Sink (SOP)

Alt-mode

Dock / Hub DP Alt Mode (Sink)

(=5 BT | Conn | Adaptor Funo

Disabled

DP Alt Mode (Source)

SRC —

=)
OF Status m

USB-C

"\‘ TELEDYNE LECROY
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W4 vesa  DFP Sends DP Status to the Sink (SOP)

Multi Func

DP Alt Mode (Sink)

3 Conn Cmd Type Adaptar Func
DF Status m ACK UFP_D Enabled

USB-C

DP Alt Mode (Source)

SRC =—

"\‘ TELEDYNE LECROY
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W4 vesa DFP Sends DP Configure to the Cable (SOP’)

10G, 20G | Active 2.1 DP Alt Mode (Sink)
DP Alt Mode (Source) —[Jmemmni | CF2 S e UF <: Crmd Type
“ ACK

USB-C

UsB-C

"\‘ TELEDYNE LECROY

Everywhereyoulook™ 10/10/2024 91



W4 vesa DFP Sends DP Configure to the Sink (SOP)

106G, 20G | Active 241 DP Alt Mode (Sink)
Config UFFP_U ‘ Cmd T

DOF Configure ype
<,|:ﬁ o

USB-C USB-C

DP Alt Mode (Source) — [Iormpages

"\‘ TELEDYNE LECROY

Everywhereyoulook™

10/10/2024
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W4 vesa UFP Sends Attention Message to the DFP

DP Alt Mode (Sink)

DP Alt Mode (Source) Cmd HFD State

t .

"\‘ TELEDYNE LECROY

Everywhereyoulook™ 10/10/2024 93



W4 vesa  UFP Sends Attention Message to the DFP

DP Alt Mode (Sink)

DP Alt Mode (Source) Cmd HFD State

t .

"\‘ TELEDYNE LECROY

Everywhereyoulook™ 10/10/2024 9%



W4 vesa Link Training: Read DisplaylD or legacy EDID

sink capabilities

DP Alt Mode (Sink)

DP Alt Mode (Source) Reads EDID :> <:|
AO

"\‘ TELEDYNE LECROY

Everywhereyoulook™ 10/10/2024 95



W4 VEsa Link Training: Read Cable Capabilities

Cable capabilities
UHBR 10/20 DP Alt Mode (Sink)

USB-C

DP Alt Mode (Source) Reads DCPD :> <::] UHBR 13.5:
t Addr: 02217h Cable:

"\‘ TELEDYNE LECROY

Everywhereyoulook™ 10/10/2024 96



W4 vesa Link Training: Read Link Capabilities

Link Capabiities
DPRX_Feature_Enum

DP Alt Mode (Source) Reads DPCD VSC Ext:
Link Rates:

Addr 2210h

DP Alt Mode (Sink)

"\‘ TELEDYNE LECROY
Everywhereyoulook™ 10/10/2024 97



M4 VESA | ink Training: Read LTTPR Data

LTTPR data struct
PHY Repeater count

DP Alt Mode (Sink)

USB-C

DP Alt Mode (Source) Reads DPCD :> <:] Max Link Rate:
t Addr: FO000 Mode:

"\‘ TELEDYNE LECROY

Everywhereyoulook™ 10/10/2024 98



W4 vesa Link Training: Lanes & Link Bandwidth Set

Link Parameters DP Alt Mode (Sink)

- Encoding:
DP Alt Mode (Source) Write DPCD :> Link BW:

Addr: 100 Lanes:

"\‘ TELEDYNE LECROY

Everywhereyoulook™ 10/10/2024 99



W4 VEsA Link Training: Equalization & Clock Domain Switch

EQ I:_)a rameters DP Alt Mode (Sink)
Training Pattern:

DP Alt Mode (Source) Write DPCD :> Lanes:

Addr: 102 Channel EQ Done:
USB-C USB-C

"\‘ TELEDYNE LECROY
1011012024 100

Everywhereyoulook™



W4 vesa Link Training: Equalization & Clock Domain Switch

DP Alt Mode (Sink)

DP Alt Mode (Source)

t o

"\‘ TELEDYNE LECROY

Everywhereyoulook™ 10/10/2024 101



W4 vEsa  DP 2.1 Active Cable “Snoop” mode

« Special Situation: Legacy DP_Sources that do not send

ENTER MODE to the cable:

« DP Alt Mode 2.1 Active cables are required to snoop SOP commands and
silently perform the same on SOP’ & SOP” for:

« ENTER MODE
« CONFIGURE
« EXIT MODE

D D

SOP ENTER MODE <_ ENTER MODE ACK
USB-C SOP’ USB-C SOP"
Active Cable

Legacy DFP DP Alt-Mode 2.1 compatible
Legacy UFP (Sink)

10/10/2024




DP Alt-Mode v2.1a

ombli
mpliance Test Specification

»

TELEDYNE LECROY

Everywhereyoulook

W4 VESA

Vioes Dacironcs Standards Assaciation

VESA DisplayPort Alt Mode on usB Type-C

Compliance Test gpecification
(DP Alt Mode on USB Type-C CTS)

Version 2.1a - draft

Augqust 2024
o ¥SA.010

Purpose

The purpose of this speciieation o Gocumenttestng requitements X VESA® DisplayPor™ Alt Mode
T apn.C mpementaons (reened 07 i ot on USB Type-C’) 10 e {eteroperabitty
betweon deWGeS.:

‘Summary
s spocfication descrbes 1o ect proceduros and approval cferato maxiize the levelofnfacoporabity
158 Ty e soup, procedures. 10 les equipment
syt compiance osts 1912 performed
o be cerified



W4 vesa DP Alt Mode v2.1 Compilance Test Specification

* Contents
« Ch:3 Physical Layer
« Ch:4 Cables
* Ch:5 Type-C-to-DP Plug Connector
* Ch:6 DP Alt Mode Protocol Conv
» Ch:7 DP Alt Mode Type-C Sodrce -
« Ch:8 DP Alt Mode Type-C Sink Quantumdata M42de

DP 2.1 Compliance Tester
« Ch:9 AUX and HPD \
* Ch:10 Discovery and USB PD = .3

Voyager M310e USB-C

e Ch:11 VBUS and VCONN Compliance Tester

LabMaster 10Zi A

10/10/2024




mVESA DP Alt MOde VIF

 Utilizes USB.org VIF: Optional Content fields
 Allows efficient testing of DPAM devices
* Download latest revision: www.VESA.org

v |DPAM

v DisplayPort_Product_Summary
DP_Alt_Mode_Device_Type
DP_Version
DP_Signaling_Rate_Support
Device_Power_Source

' SOP_DisplayPort_Capabilities
DP_Capability

DP_Receptacle_Indication
USB2_Used
DP_Src_Pin_Assignments
DP_Sink_Pin_Assignments
DP_Alt_ Mode Version
DP_Mode_Auto_Entry

~ SOPP_DisplayPort_Capabilities
DP_Signaling_Rate
DP_Src_Pin_Assignments
DP_Sink_Pin_Assignments
DP_UHBR13p5_Support
DP_Active_Component
DPAM _Version

Vv DisplayPort_Status
DP_Src_Sink_Device_Connected
DP_Multifunction_Preferred
DP Suspend Support

Signaling_For_Transport_Of DisplayPort_Protocol

: DisplayPort Source (Notebook)
:DP 2.1

:UHBR20 Supported

: Self Powered

o w N =

: DP Source Capable

: Reserved

: DP on USB-C Receptacle

: USB2.0 may be needed

28: Pin Assignment C & D & E
0 : No Pin Assignment

1: DPAM Version 2.1 or higher
Yes

(=R}

7 : HBR3, UHBR10 & UHBR20
12: Pin Assignment C & D

12: Pin Assignment C & D

0: UHBR13.5 Not Supported
0 : Passive Cable

1: DPAM Version 2.1 or higher

-

: DP Source Connected

o

: No preference for multifunction

-

: Low Power Preferred

10/10/2024


http://www.vesa.org/

W4 vesa DP Alt-Mode 2.1 Cable Discovery Tests (for DFPs)

Verity UUT identifies cable speed, type, DPAM ver w/ SOP DP CONFIGURE message

‘Test  Descripon
HOBBE Alt Mode Entry with USB Type-C to USB Type-C Passive non-emarked

HOEE /'t Mode Entry with USB Type-C to USB Type-C Passive TBT3 cable
HOBEI At Mode Entry with Type-C to Type-C Passive USB4 Gen3 cable
FOBIEI /'t Mode Entry with Type-C to Type-C Active LRD DP2.0 cable
FOBA At Mode Entry with Type-C to Type-C Active Retimer DP2.0 cable
BB /'t Mode Entry with Type-C to Type-C Active Redriver DP2.1 cable
OB At Mode Entry with Type-C to Type-C Active Non - DP2.1/0 cable
FOEHO /'t Mode Entry with Type-C to Type-C USB2.0 Only cable
OB At Mode Entry with Type-C to DP2.1 cable

10/10/2024




W4 vesa  DP Alt-Mode 2.1 Cable Discovery Tests (for DFPs)

Verity UUT identifies cable speed, type, DPAM ver w/ SOP DP CONFIGURE message

‘Test  Descripon
HOBBE Alt Mode Entry with USB Type-C to USB Type-C Passive non-emarked

HOEE /'t Mode Entry with USB Type-C to USB Type-C Passive TBT3 cable
HOBEI At Mode Entry with Type-C to Type-C Passive USB4 Gen3 cable
FOBIEI /'t Mode Entry with Type-C to Type-C Active LRD DP2.0 cable
FOBA At Mode Entry with Type-C to Type-C Active Retimer DP2.0 cable
B .t Mode Entry with Type-C to Type-C Active Redriver DP2.1 cable
FOBEI At Mode Entry with Type-C to Type-C Active Non - DP2.1/0 cable
FOEHO /'t Mode Entry with Type-C to Type-C USB2.0 Only cable
OB At Mode Entry with Type-C to DP2.1 cable

Discower |dentity Prod Type  |VDM Ver | USB Highest Speed
Passive Cable | Ver. 2.1 | USB 3.2, USB4 G3

DP Alt-Mode Tester

DP Alt Mode (Source)

10/10/2024



W4 vesa  DP Alt-Mode 2.1 Cable Discovery Tests (for DFPs)

Verify UUT identifies cable speed, type, DPAM ver w/ SOP DP CONFIGURE message

‘Test  Descripon
HOBBI Alt Mode Entry with USB Type-C to USB Type-C Passive non-emarked

FOBE At Mode Entry with USB Type-C to USB Type-C Passive TBT3 cable
HOBEI At Mode Entry with Type-C to Type-C Passive USB4 Gen3 cable
HOBIEI /'t Mode Entry with Type-C to Type-C Active LRD DP2.0 cable
HOBEA /'t Mode Entry with Type-C to Type-C Active Retimer DP2.0 cable
B /'t Mode Entry with Type-C to Type-C Active Redriver DP2.1 cable
OB At Mode Entry with Type-C to Type-C Active Non - DP2.1/0 cable
BOEEE 't Mode Entry with Type-C to Type-C USB 2.0 Only cable
FOBHI At Mode Entry with Type-C to DP2.1 cable

DP Alt Mode (Source)

SVID 1 SVID O Fad 1

0Pt
= CHL | Discover SVIDs

Intel |DisplayPort|0x0000

DP Alt-Mode Tester

DP Alt Mode (Source)

10/10/2024




W4 vesa DP Alt-Mode 2.1 Cable Discovery Tests (for DFPs)

Verify UUT identifies cable speed, type, DPAM ver w/ SOP DP CONFIGURE message

‘Test  Descripon
HOBBI Alt Mode Entry with USB Type-C to USB Type-C Passive non-emarked

FOBE At Mode Entry with USB Type-C to USB Type-C Passive TBT3 cable
HOBEI At Mode Entry with Type-C to Type-C Passive USB4 Gen3 cable
HOBIEI /'t Mode Entry with Type-C to Type-C Active LRD DP2.0 cable
HOBEA /'t Mode Entry with Type-C to Type-C Active Retimer DP2.0 cable
B /'t Mode Entry with Type-C to Type-C Active Redriver DP2.1 cable
OB At Mode Entry with Type-C to Type-C Active Non - DP2.1/0 cable
BOEEE 't Mode Entry with Type-C to Type-C USB 2.0 Only cable
FOBHI At Mode Entry with Type-C to DP2.1 cable

i.: car | o Mod Vendor ID [T TEY TET Alternate Mode TBT Rounded Support Active_Passive
ISEavEr M OCSS | —" ACH TET Mode Non-Rounded [TET3] | Active Cable

DP Alt-Mode Tester

DP Alt Mode (Source)

10/10/2024




™ vesa DP Alt-Mode 2.1 Cable Discovery Tests (for DFPs)
Verify UUT identifies cable speed, type, DPAM ver w/ SOP DP CONFIGURE message

HOBBI Alt Mode Entry with USB Type-C to USB Type-C Passive non-emarked
FOBE At Mode Entry with USB Type-C to USB Type-C Passive TBT3 cable
HOBEI At Mode Entry with Type-C to Type-C Passive USB4 Gen3 cable
HOBIEI /'t Mode Entry with Type-C to Type-C Active LRD DP2.0 cable
HOBEA /'t Mode Entry with Type-C to Type-C Active Retimer DP2.0 cable
B /'t Mode Entry with Type-C to Type-C Active Redriver DP2.1 cable
OB At Mode Entry with Type-C to Type-C Active Non - DP2.1/0 cable
BOEEE 't Mode Entry with Type-C to Type-C USB 2.0 Only cable
FOBHI At Mode Entry with Type-C to DP2.1 cable

DP Alt Mode (Source)

st ] VendoriD Cmd Type Signaling  DPAM Ver Active Comp.
=g ZHL | Discover Modes % ACH C.D 1UG, 206 2.1 Active Redrvr -

DP Alt-Mode Tester

DP Alt Mode (Source)

10/10/2024



W4 vesa  DP Alt-Mode 2.1 Cable Discovery Tests (for DFPs)
Verity UUT identifies cable speed, type, DPAM ver w/ SOP DP CONFIGURE message

‘Test  Descripon
HOBBI Alt Mode Entry with USB Type-C to USB Type-C Passive non-emarked

FOBE At Mode Entry with USB Type-C to USB Type-C Passive TBT3 cable
HOBEI At Mode Entry with Type-C to Type-C Passive USB4 Gen3 cable
HOBIEI /'t Mode Entry with Type-C to Type-C Active LRD DP2.0 cable
HOBEA /'t Mode Entry with Type-C to Type-C Active Retimer DP2.0 cable
B /'t Mode Entry with Type-C to Type-C Active Redriver DP2.1 cable
OB At Mode Entry with Type-C to Type-C Active Non - DP2.1/0 cable
BOEEE 't Mode Entry with Type-C to Type-C USB 2.0 Only cable
FOBHI At Mode Entry with Type-C to DP2.1 cable

DP Alt Mode (Source)
(o BT UFFP_ O Pins DPAM

DP Alt-Mode Tester

Vendar ID
DisplayPort

S0P
SRC == | Discover Maodes

USB-C

DP Alt Mode (Source)

10/10/2024




W4 vesa  DP Alt-Mode 2.1 Cable Discovery Tests (for DFPs)
Verify UUT identifies cable speed, type, DPAM ver w/ SOP DP CONFIGURE message

‘Test  Descripon
HOBBI Alt Mode Entry with USB Type-C to USB Type-C Passive non-emarked

FOBE At Mode Entry with USB Type-C to USB Type-C Passive TBT3 cable
HOBEI At Mode Entry with Type-C to Type-C Passive USB4 Gen3 cable
HOBIEI /'t Mode Entry with Type-C to Type-C Active LRD DP2.0 cable
HOBEA /'t Mode Entry with Type-C to Type-C Active Retimer DP2.0 cable
B /'t Mode Entry with Type-C to Type-C Active Redriver DP2.1 cable
OB At Mode Entry with Type-C to Type-C Active Non - DP2.1/0 cable
BOEEE 't Mode Entry with Type-C to Type-C USB 2.0 Only cable
FOBHI At Mode Entry with Type-C to DP2.1 cable

Vendaor IO Cmd Type || Vendor ID
DisplayFort ACH DisplayFort

DP Alt-Mode Tester

DP Alt Mode (Source)

10/10/2024




W4 vesa  DP Alt-Mode 2.1 Cable Discovery Tests (for DFPs)
Verity UUT identifies cable speed, type, DPAM ver w/ SOP DP CONFIGURE message

‘Test  Descripon
HOBBI Alt Mode Entry with USB Type-C to USB Type-C Passive non-emarked

FOBE At Mode Entry with USB Type-C to USB Type-C Passive TBT3 cable
HOBEI At Mode Entry with Type-C to Type-C Passive USB4 Gen3 cable
HOBIEI /'t Mode Entry with Type-C to Type-C Active LRD DP2.0 cable
HOBEA /'t Mode Entry with Type-C to Type-C Active Retimer DP2.0 cable
B /'t Mode Entry with Type-C to Type-C Active Redriver DP2.1 cable
OB At Mode Entry with Type-C to Type-C Active Non - DP2.1/0 cable
BOEEE 't Mode Entry with Type-C to Type-C USB 2.0 Only cable
FOBHI At Mode Entry with Type-C to DP2.1 cable

Cmd Type
C 10G, 20G | Active 21 ACH

DP Alt-Mode Tester

DP Alt Mode (Source)

10/10/2024
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Thank You
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W2 VEsa
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DisplayHDR CTS r1.2 Implementation
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HDR Overview



W2 VEsa

Introduction - HDR (High Dynamic Range Imaging)

SDR (example) HDR
Brightness : 100 nit Brightness : 1000 nit
Color Gamut : BT.709 Color Gamut : BT.2020
Bit Depth (Gradation) : 8 bit Bit Depth (Gradation) : 10 bit

v v
O More detailsin the shadow

118
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VESA DisplayHDR
Introduction



W2 VEsa

Introduction - VESA DisplayHDR Certification

SREERE W Brightness
J
Contrast )
Rl « Dynamic Contrast Ratio
. . * Static Contrast Ratio y
: (@) Range of color |
------- j--------n:----- « DCI-P3
7l VESA CERTIFIED : - SRGB (BT709) ), Product Type
A2 DisplayHDR :
. . N
n B ". N Monitor Laptop AlO
BBBBB N - -
. J
; N |
EERTEED )[-w Rise time \ _
) _ L

120

400 500 600 1000 1400

74 VESA CERTIFIED

H DisplayHDR’




W2 VEsa

Timeline - VESA DisplayHDR Certification

CTSrl1.0

W2 VEsAa

7#l VESA CERTIFIED

DisplayHDR'

S

Y

CTSrl.2

CTSrl1.1E2

P4l VESA CERTIFIED

A2 DisplayHDR 1.2

CTsrl.1

2024

74 VESA CERTIFIED
L2 DisplayHDR" 500

7l VESA CERTIFIED

v~ DisplayHDR 1400

S

* Stricter testing standards
* New Pattern
* Add 5 new testing items

7#l VESA CERTIFIED

’ DisplayHDR"

* Checkerboard test
> Added a 4x3 pattern for DUT smaller than 20“
> Luminance for TrueBlack

2019

* Revised descriptions for some test items

* Added new performance tier
o Classic500/1400
o TrueBlack400/500/600/ 1000/ 1400

« |Initial release
o Classic400/600/1000

* Add/optimize testingitems
+ Static contrast method — dynamic

121



W2 vEsa

Introduction - Specification Update New specforCTSr1.2

Minimum Peak Maximum Black Level Max ATP Color Patch

- Range of Color . Static Contrast Ratio
i Luminance Luminance Error
VESA CERTIFIED
A2 DisplayHDR i . X ITU-R BT.709 DCI-P3 (D65) i ) , Number of Video
Brightnessin cd/m Brightnessin cd/m -
Coverage Coverage Frames

DisplayHDR 400 400 95% — 99% N/A = 95% 0.4 1,300 : 1 8

DisplayHDR 500 500 99% 90% — 95% 0.1 7,000 : 1 8

DisplayHDR 600 600 99% 90% — 95% 0.1 8,000 : 1 8

DisplayHDR 1000 1000 99% 90% — 95% 0.05 30,000 : 1 6

DisplayHDR 1400 1400 99% 95% 0.02 50,000 : 1 6

M|n|mt.1m Peak Range of Color MaX|mum.Black Level Static Contrast Ratio Max ATP Color Patch
o Luminance Luminance Error
VESA CERTIFIED
L2 DisplayHDR" _
. : 2 ITU-RBT.709 DCI-P3 (D65) : . 2 Number of Video
Brightnessin cd/m Brightnessin cd/m -
Coverage Coverage Frames

DisplayHDR True Black 400 400 99% 90% — 95% 0.0005 N/A 8
DisplayHDR True Black 500 500 99% 90% — 95% 0.0005 N/A 8
DisplayHDR True Black 600 600 99% 90% — 95% 0.0005 N/A 8

DisplayHDR True Black 1000 1000 99% 90% — 95% 0.0005 N/A 8 122




W2 VEsa

Certification

Manufacturer
Level

Konica-Minolta™
Photo Research SpectraDuo®

DisplayHDR Gamma Scientific
Topcon TechnoHouse
Konica-Minolta™
®
DisplayHDR Photo Research SpectraDuo
Photo Research
True Black

SpectraScan®
Topcon TechnoHouse

Il
l

ﬁPHOTO RESEARCH:
wr T N

IKONICA MINOLTA

GANMMA  As
) sSCENTIFIC 2% IOD SRSO)“

Measurement Instrument / Sensor Usage

Recommended Measurement Instruments for DisplayHDR Measurement Instrument Mandates for DisplayHDR and
and DisplayHDR True Black Certification DisplayHDR True Black Certification

Certification Level

Model Numbers

Mandate DisplayHDR True

DisplayHDR Black

CA-310a. CA-410: CA-P427. CA-VP427, CS-2000
PR-670, PR-680

GS-1220 Black Level Luminance 0.05to 4 cd/m2 0.0005 to 4 cd/m2
SR-UL1R Range +4% +4%
CS-2000A, CS-3000. CS-3000HDR White Level Luminance o
PR680. PR-68OL Range 400 to 1,400+ cd/m2 +2%
PR-740. PR-745., PR-788. PR-1050

SR-UL2 Color Accuracy 0.003x,y

Dual Corner / CheckerBoard »

The Reference in Color and Light Measurement

Color Gamut & Luminance Test »

Figure 6-1: RGB Color Gamut Test

23
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DlsplayHDR CTS rl1.2 Update

(R ed in 2024/4/1)



W2 VEsa

DisplayHDR CTSr1.1vsrl.2

CTS No. Test Tool No. item
- l::izc:;:::sat?:s} EDID.MaxLuminance
5.1.1 la 10% Center Luminance Patch
5.1.2 2a Flash Luminance Test
5.1.3 3a Full Screen Luminance Test
5.2.1 4 Dual Corner Test
5.2.2 5/5.1/5.2 |CheckerBoard Test
6 6 Color Gamut & Luminance Test
7 7 DisplayHDR Bit Depth
8 8 Rise Time measurements
9 9 Delta-ITP
10 l1.2.1 Static Contrast Ratio Test
11 1.2.2 HDR vs. SDR Black Level Test
12 v1.2.3 Black Crush Test
13 1.2.4 Subtitle Luminance Flicker Test
14 1.2.5 XRite Color Square Test

. = criteria update in current item

B = c1Sr12 New item

> CTSrl.2 New Item

125
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DisplayHDR CTSrl.1vsrl.2 - Spec Update

Test / Specification Performance Tier
Testitem Revision 1.1 Revision 1.2 500 600 1000 1400
. . . 8% Center Square Test
5.1.1 Minimum-white Luminance | 10% Center Patch Test . 400 500 600 1000 1400
+ star field pattern

SRGB Coverage u'v' for the 10% Patch | sRGB Coverage u'v' for the 8% Patch 95% — 99% 99%
6 Color Gamut Specifications

DCI-P3 Coverage u'v' for the 10% Patch | DCI-P3 Coverage u'v' for the 8% Patch N/A = 90% 90% — 95% 95%
7 Bit-depth testing DisplayHDR Bit Depth DisplayHDR Bit Depth 8b — 8b+2b FRC 8b+2b FRC

Test effort added
Type Classic  TrueBlack
Time 19% 29%

CTS 1.1: 10% Center Patch Test CTS 1.2: 8% Center Patch Test + star field pattern
126
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DisplayHDR CTSrl.1vsrl.2 - Spec Update

Test item

9 Delta-ITP

Revision 1.1 Revision 1.2 600
10% Test Patch Luminance Target 8% Center Square Target Delta-ITP
N/A 1.0509 N/A = 20
5.172 5.172 20
14.958 14.958 20— 15
50.825 50.825
100.23 100.23 15— 10
199.15 199.15
50% of Tier 50% of Tier 15— 10
N/A Near Tier N/A — 10

8% Center Patch Test + star field pattern

127

Figure 9-4: Luminance and White Point Test Pattern — Shown with Maximum Luminance Subtest
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DisplayHDR CTS r1.1vsrl.2 - New Iltems

Test / Specification

Test item

Test Pattern

Performance Tier

1D pattern for 400 / 500 / 600

10 Static Contrast Ratio Test 2D pattern for 1000 / higher 1300:1 7000:1 8000:1 30k:1 50k:1
11 HDRvs. SDR Black Level Test Black and white split-screen image >90%

12 Black Crush Test Full screen black and dark-gray 5

13 Subtitle Luminance Flicker Test Gray 8% center square at 10 cd/m? 13% 10%

14 XRite Color Square Test 50, 100 cd/m?, 50% of Logo Level 8 6

128
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DisplayHDR CTS r1.2
CH10 Static Contrast Ratio Test

B This test measure the maximum contrast ratio in a single scene by measuring black and white on one image.

2D pattern: For DisplayHDR 1000 and Higher

1D pattern: For DisplayHDR-400, 500, and 600

Figure 10-1: Static Contrast Ratio Test Pattern for DisplayHDR-400, 500, and 600 - Figure 10-2: Static Contrast Ratio Test Pattern for DisplayHDR-1000 and 1400 -
Shown with Location Guidance Circles and Informational Text Shown with Measurement Location Circles and Informational Text

DisplayHDR Performance Tier Test Pattern Required Required Contrast Ratio
400 1300:1
500 1D 7000:1
600 8000:1
1000 30k:1
2D
1400 50k:1
129
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DisplayHDR CTS r1.2
CH11 HDR vs SDR Black Level Test

B This test confirms that the display’s black level in HDR mode is as dark, or darker than the black level when in SDR mode
to ensure that HDR mode performs at least as well as SDR mode.

CRppr = CRspgr * 0.9

130
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DisplayHDR CTS r1.2
CH12 Black Crush Test

B This test verifies that the display is capable of distinguishing dark gray levels and is not crushing gray levels into black.
B Fullscreen, five testimages: 0, 0.05,0.1, 0.3, 0.5 cd/m?
B The sequence of five luminance tests must yield five sequentially brighter output results without assessing output accuracy.

131
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DisplayHDR CTS r1.2
CH13 Subtitle Luminance Flicker Test

B This test confirms correct behavior with subtitles in movies.
B The subtitles should not affect the gray square’s luminance level.
B Measure the gray square’s percentage variance in luminance

star field pattern (10nits)

Performance Tier (0]0] 1000 1400

Spec 13% 10%
|

\—l

Maximum Luminance divided by Minimum Luminance.

Figure 13-1: Subtitle Flicker Test - Gray Center Square Luminance
Should Not Change as Subtitles Appgar and Disappear from the Screen

Subtitle (100nits) 132
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DisplayHDR CTS r1.2
CH14 XRite Color Square Test

This test measures the display’s color accuracy at various HDR luminance levels, using a large set of 96 test color squares.
This test focuses purely on color, not luminance, and thus uses a Delta-TP measurement method.
The colors are tested at three different luminance levels, with each luminance level indicating the target luminance for white:

«50 cd/m2
«100 cd/m2

+ 50% of DisplayHDR Compliance Logo level

Performance Tier 400 500 600 1000 1400

Spec (Delta-TP averages) 8 6

Figure 14-1: Xrite Color Square Test - One of 96 Test Colors,
Tested at Three Different Luminance Levels

133
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DisplayHDR CTS r1.2
Implementation
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DisplayHDR CTS r1.2 Implementation

B Testing of CTSr1.2 has already been able to start since May 2024.
B Theimplementation deadline for the CTS r1.1 specification:

By the end of May 2025 for monitors.
By the end of May 2026 for laptops.

2024.5 2025.5 2026.5

CTSrl.2 has started to be enabled. The monitor can no longerobtain the CTS r1.1 certification. The laptop can no longer obtain the CTS r1.1 certification.

135
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DisplayHDR Common Issues
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DisplayHDR - Common Test Issues

B Overall brightness 51.10— “ —513
« 51.1, 10% Center Luminance

. 5.1.2. Flash Luminance Test

. 5.1.3. Full Screen Luminance Test

512 o——

B Local dimming capability

. 5.2.2. CheckerBoard Test

6x4 Pattern 4x3 Pattern 4x3 Pattern Monitor Laptop
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Summary
Q  HDR Overview

1.HDRvs. SDR

Q_ DisplayHDR Introduction

1. Logo

2. Entry Level & High Performance
3. Focus on Sink (Panel)

4. Test equipment

Q DisplayHDR CTS r1.2 Update

1. New Criteria
2. 5 New test items
3. DisplayHDR CTS r1.2 Timeline

Wider color Greater Bit
range Depth

"4 VESA CERTIFIED
! DisplayHDR"

VES
Higher l' DlsplayH DR EA  Stronger
Brightness Contrast

Rise time
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GRL Worldwide Locations

Silicon Valley HQ, 9 labs around the world, > 350 employees

Recognized World Leader in Test Services and Automation Solutions for Connectivity and Charging

9

)

00

oo:"

WW HQ & Lab
Santaclara, CA

US R&D
Austin, TX

Taiwan Lab
Taipei

India R&D &
Lab

Bangalore

Japan Lab

Yokohama

Korea Lab
Incheon

Asia Pacific HQ

Singapore

Malaysia R&D

Penang

ChinalLab
Shanghai

ChinalLab
Dongguan

Germany Lab
Karlsruhe

Belgium Lab

Hasselt
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Overview

* VESA LRD Active Cable Testing Challenges

* VESA Enhanced Connector Compliance Test Introduction
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Overview

 VESA LRD Active Cable Testing Challenges

* VESA Enhanced Connector Compliance Test Introduction
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The Current UHBR Passive Cable Status

e DP to DP and USB-C to DP Passive cables for UHBR
transmission

e According to DP2.1a spec
 UHBR 20-Capable Passive cable length: around 1 meter
 UHBR 13.5-Capable Passive cable length: around 2 meters

e Criticism of UHBR20 ecosystem from youtubers and tech
forums.
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The Current UHBR Passive Cable Status Cont’

Display

OK with a short cable
shorter than 1 meter E Smart phone/Tablet/
— m——w |aptop
OK with a short cable
P | . viniec

shorter than 1 meter

NG with a short cable
shorter than 1 meter

—

Desktop PC
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DisplayPort LRD Active Cable Solution

YAvesn  [BEEE

 VESA is going to bring us a solution to the criticism this year.
e LRD Active Cable Solution

e Get UHBR20 transmission to successfully work longer than 2 meter-long cable.
e Creating a LRD Active Cable CTS
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CTS Testing Challenges

 Knowledge to get DP LRD cable to work up
e AUXand DP_PWR Electrical setting

e Sink devices and Source devices

Aux P: Pull down to
GND

Aux P: Pull high to
2.25~3.6V

2. Aux N: Pull high to Aux N: Pull down to
2.89~3.6V. GND.

3. DP_PWR:2.89~3.6V DP_PWR:2.89~3.6V

4. Aux transaction if HPD: Pull high to

needed

2.25~3.6V
Aux transaction if
needed
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CTS Testing Challenges Cont’

 Knowledge to get C to DP LRD cable to work up

* Vconn, AUX, and DP_PWR Electrical setting
* Sink devices and Source devices

- 1. Aux P: Pull high to
1. Vconn:3.0~5.5V = - 9
o 2.25~3.6V
2. DP alt mode exerciser if ,
2. Aux N: Pull down to
needed. GND

w

Aux circuitry if needed.
4. Aux transaction if
needed

3. DP_PWR:2.89~3.6V

4. HPD: Pull High to
2.25~3.6V

5. Aux transaction if

needed 148




W2 VEsa

CTS Testing Challenges Cont’

 Power Consumption Check Before You Start Any Test

* Do Link Training for
* 1Lane
* 2Llanes
* 4 Lanes
* Observe the current change of Vconn or DP PWR.

For example

___ flane |2lanes _l4lanes

Current 80mA 1/0mA 380mA
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CTS Testing Challenges Cont’

e Know how the wires inside a DP cable are connected at both
ends.
* Look at high speed pairs, please

Receptacie on Source Device [ Enhanced FSDP to Enhanced FSDP Cable | Receptacle on Sink Device
Source Side Plug Cable Wiring Sink Side Plug
At Source Device Pin Al Source Device Pin Pin ‘Al Sink Device Pin | Sink Device End Dongle
Signal Type # Signal Type # # Signal Type # Signal Type
ML_Lane_0_P T ML_Lane_0_P —p{ ML_Lane_3 N In
- —p 2 D GND
ML_Lane O N [ 3 |—» ML_Lane_0_N ML_Lane_3 P | 3 | MLLlane3 P | in
WML Lane 1P | 4 |—»] ML_Lane_1_P \ ML_Lane_2_N | @ [ ML lane2 N | &
GND 5 |—p»] | 5 D GND
ML_Lane_1_N 6 i ML_Lane_1_N / ML_Lane_2_P —p| 6 ML_Lane_2(:° In
B[ Cut | ML_Lane2 P | 7 |—p»] ML_Lane_2_P 2 ML_Lane_1_N —p| 7 | ML Lane 1N | n
“I 5o D T | 7 L_p 8 D GWD
'? Out ML_Lane_ 2 N | 9 }—P»] ML_Lane_2_N / ML_Lane_1_P —p| o ML_Lane_1_P In
é QOut ML_Lane_3_P 10 —b ML_Lane_3_P ML_Lane_0_N —’ 10 | ML_Lane_O_N In
o] GND D 11— GND | 11 D GND
=[O0 | ML_Lane 3 N | 12 —p /72 | MLLane 0P | In
CFG o 13 |- CONFIG1 CONFIG1 || 13 o CFG
CFG o 14 |- CONFIG2 D CONFIG2 {14 o CFG
[E] AUX_CH_P 15 |- -4 » g 5| AuxcH P 10
GND D 16 |- < > -] 15 D GND
5] AUX_CH_N 17 -] AUX_CH_N o » -] 17 AUX_CH_N [)
In HPD 14— In HPD 18 | 18 HPD Out 4—: HPD Out
RTN Return 19 |g—{ RN Return 19 | | 19 Return RTN |—] 19 Return RIN
20 P{ie oul 20 20 P 0ot 20 FWR Out /ISO
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CTS Testing Challenges Cont’

e Complex Test Environment

*  Time domain measurement

Con be internzl to
Common Mode | ILEARENEEIEE

Matched SMA

] Cables

ALY HPD DP
PWR 5ettings

Matched SMA
Cables

¥ —
+3 Power AUXand DP
Splitters PWR Settings

Aux transaction if needed

ISl Ch

Crosstalk
mi nation

DP Receptacle

Crosstalk Aggressors

Aux transaction if needed | 151
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CTS Testing Challenges Cont’

e Complex Test Environment

* Frequency domain measurement

1. HPD,AUX,DP PWR Settings
2. Aux transaction if needed

1. AUX,DP PWR Settings
2. Aux transaction if needed
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CTS Testing Challenges Cont’

e Allion Test Fixture

* Help to reduce the complex connection for your LRD cable testing.
* Powered by USB-C port
e Controllable HPD, AUX_P, and AUX_N
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CTS Testing Challenges Cont’

e Stressed Signal Generator

e Preset Calibration
* Very important to stressed signal defined by DP spec.

* |naccurate preset number gets your stressed signal to highly not meet the expected
ISI jitter, Eye Height, and Eye width.

Table 3-57: Preset FFE Coefficients®

Preset Preshoot D i ive Filter Coeffici
Configuration # (dB) (dB) GH Co C

0
-1.9
-3.6
-5.0
-84

=
USRS T o
o|lcflcfc| o
o|lcfofc| o

° ol

© ol

&

S|

s
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CTS Testing Challenges Cont’

* Stressed Signal Generator Cont’

* Preset Calibration Cont’

* Do not just enter the number that you want into your SSG FFE setting.

(5SQ128) Rough De-emphasis: 20 log(585.6/923.4)=-3.95dB
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Overview

* VESA LRD Active Cable Testing Challenges

* VESA Enhanced Connector Compliance Test Introduction
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Latest DisplayPort Connector Spec Cont’

* Connector Types:

Legacy * Supports up to 8.1Gbps/lane(HBR)
* Includes both an fsDP and an mDP version

Enhanced * Enhanced fsDP Type 1 connector supports up to 13.5Gbps/lane(UHBR13.5)
» Enhanced fsDP Type 2 connector supports up to 20Gbps/lane(UHBR20)
* Enhanced mDP connector supports up to 20Gbps/lane(UHBR20)
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Latest DisplayPort Connector Spec Cont'’

» Footprint Compatibility Matrix:

fsDP

Conn/Footprint
Type
Legacy

Enhanced Type 1
Enhanced Type 2

Legacy PCB Enhanced PCB Enhanced PCB
Footprint Footprint Type 1 | Footprint Type 2

OK with HBR3
N/A
N/A

OK with HBR3
OK with UHBR13.5
N/A

Ok with HBR3
N/A
OK with UHBR20

mDP
Conn/Footprint

Type
Legacy

Enhanced

Legacy Enhanced

PCB PCB

Footprint | Footprint

OK with N/A

HBR3

N/A OK with
UHBR20
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Latest DisplayPort Connector Spec Cont'’

 Discrepancy of Impedance:

Fixture Footprint and mated pair contact I Cable Cable

Fiture | Footprintand Mated Contact | Cable Management Cable
! :

1
1
1
1
1
1
1
i
“10% ! B
1
1
1
1
1

Characteristic Differential Impedance (Q)

)
4
Characteristic Differenfial Impedance (Q)
=} & s =

019
Time (ns, ! * ' ¥
(ns) 411 a2 413 414 415 18 a7 238 a9 42

Time (ns)

Enhanced DP/mDP Connector Legacy fsDP Connector -
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DP Enhanced Connector Compliance program

Self-test Mechanical
(This document)

e Certification Flow:

. Electrical performance
VESA® DisplayPort™ Self-Test Report for Connectors testing with Getipar at
v2.1¢ VESA ATC

h J

Submitted reports to
VESA for Certification

using VESA online CMS
160
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DP Enhanced Connector Compliance Program Cont'’

o Test Fixture Check:

* Intra-pair skew < or = 2ps

* 1x&2x thru accuracy check
* (2x through length)/2 < or = 1x through length
* In order to avoid compensating too much.

ALUN. @Pz‘l Receptacle Test =
(DT22097 Rev:A2 for High Speed

A
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DP Enhanced Connector Compliance Program Cont'’

* Test Concept:

e Test the Connector DUT with a certified cable

 Pass/ Fail Criteria based on the “cable” requirement defined in the DP2.1a
spec.

 Test the certified cable with one of the Known Good Receptacle
fixtures(KGF)

* KGF1 and KGF2 are Bizlink and Wieson respectively
« Test data submitted as a reference
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Thank you
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Improvements in DP 2.1a

* Improved Cable program

 DP54 for UHBR13.5
* Passive cable up to 2m

« DP80 for UHBR20
 Passive cable up to 0.8m

 Refined new features

« LTTPR
» AUX-less ALPM and Panel Replay
* DP Tunneling over USB4 v2
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Utilize More BW - Gaming

« Higher refresh rate gaming made possible
* Improved motion blur

* Note
» The portion of Vblank period increases along with the refresh rate
« CVT 2.1 spec has minimum Vblank requirement to ensure Source and Sink
interop
* 460us in general
« 300us if Adaptive Sync is support

» Panel vendors may not be aware of this limitation
 Scaler may not be able to cover the conversion from a large Vblank to small Vblank
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Utilize More BW — Multi-Stream Transmission

« UHBR operation is a lot different from HBRx operation
* 128b/132b channel coding vs 8b10b channel coding
* Inherent MST capable framework

* Note

* UHBR MST hub or Daisy-Chaining monitors need to support down-conversion
* The number of streams that can be handled could be limited

» Features are handled differently
« DSC
+ Adaptive Sync
* Panel Replay

* Need comprehensive validation coverage
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Utilize More BW - Signal Integrity
* Loss budget is very limited A<])>>
* Loss per inch of PCB is higher

e Note

PCB routing
PCB material )

Choice of components

* Be sure to check the device characteristic >
— Capacitive and inductive effects Frequency (GHz)

Some sort of redriver/ retimer device may be needed

Magnitude (dB)
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Link Training Tunable PHY Retimer (LTTPR)

Each hop along the path can be trained to the required swing/ pre-emp
setting

The spec allows up to 6 LTTPRs along the path
Source/ Cable/ U4 dock/ Sink

Note
LTTPR is crucial in building a stable link. Make sure the LTTPR passed all CTS requirements
Both 8b10b and 128b132b mode link training should be verified
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éUX less ALPM Plus Panel Replay and Adaptlve
ync

* Reduce system power consumption
« Advanced Link Power Management
* Turn off main link to save power
« Panel Replay
* Monitor replay previously stored image
« Adaptive Sync
* Varying refresh rate
« Combining all three features achieves best power saving

° Note rmmmm o s

|
» Devices should comply with DP 2.1a spec instead of ;
I
I

reuse of similar eDP IP
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DP Tunneling over USB4

« USB4 v2 supports DP tunneling UHBR rate

« Asymmetric mode of operation provides sufficient bandwidth for UHBR20 plus high-
speed USB data

«  BW management with finer granularity

* Note

« Dock design shall consider working in native DP mode as well

LTTPR like behavior

« Design validation should cover all possible scenarios

Channel coding

SST vs MST

DP tunneling vs native DP

C to Cvs. C to DP connection

_______________

DP Source

i U4 Down

DP Link

USB Host

_______________
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Realtek’s Worldwide 1st UHBR20 Solutions

» Realtek released worldwide 15t UHBR20 capable Tx and Rx
solution and certified as reference design back in 2022

https://vesa.org/featured-articles/first-vesa-displayport-2-0-video-source-and-sink-devices-complete-displayport-
uhbr-ultra-high-bit-rate-certification/

« Realtek’s scaler solution is adopted in the worldwide 15t
UHBR20-capable monitor

« UHBRZ20 capable Source is still limited but expect to see
Increase in 2025
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Realtek Solution Lineup R e e

. Advanced error handling
Ultra low power

RTD2190E / RTD2180E

* Receiver:

RTD2739 DP2.1 UHBR20

RTD2156

® USB4 Version 1 retimer
USB4 Gen 3x2 (40Gbps x 2 lanes)
DP2.1/TBT Alt-mode
3.3V/0.9V (& 1.8V optional)
6.5x4.5mm CFP 104-ball BGA

—_— == Transmitter 3x DFP:
DP 2.1 UHBR20 2x DP2.1 UHBR20/HDMI2.1 FRL 12G combo (2190E)
8K60/ UHD240 2x DP1.4 HBR3/HDMI2.1 FRL 12G combo (2180E)

5K+ Zone Local Dimming 1x HDMI2.1 FRL 12G
Owl Sight Il 0SD

Eagle Sight Il Aux/I2C Sniffer
Video Splitter
USB2 FW update
9.5x9.5mm BGA

ES: Q424
MP: Q1°25

RTD2158

® DP2.1aretimer
UHBR20
LTTPR
7x7mm QFN56

ES: Q424
MP: Q1°25
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GET READY!!
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m VESA DisplayPort Technology Update

Compliance Testing
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Compliance Test Specification Updates

VESA has updated base specification and CTS documents in past two
years

« DP 2.1a Spec update — released 12/2023

« DP 2.1 PHY CTS v1.0 — released 6/23

« DP 2.1 Link CTS v1.0 — released 11/2023

* Enhanced DP Connector Self-Test v2.1 — 8/2024
« DP Alt Mode CTS v2.1 - 8/2024

« Embedded DP (eDP) — 9/2024
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Self-test Mechanical
(This dacument)

Enhanced Connectors

* UHBR rates = the need for high performance DP

connectors

« VESA created specification and test EE oL
requirements for Enhanced DP connectors (fsDP VESAATE
and mDP)

« This includes both right angle and vertical
mount connectors

v

Submitted reports to
VESA for Certification

using VESA online CMS
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DP40, DP54 and DP80 Cable Specification and
Certification program

Work on Enhanced DP cable and connector specifications and test
requirements started in 2021 to ensure high performance connectors and
cables would be available for products supporting UHBR rates

DP40, DP54 and DP80 Certified cables provide added assurance of proper
operation at the highest link rates (UHBR10, UHBR13.5 and UHBR20 Gbps)

Over 150 Enhanced DP cables and connectors have been certified since
launch of the Enhanced DP cable and connector certification programs

DP40 cable performance tier replaced with DP54 in 2024

DP54 cables are required to support UHBR10 and UHBR13.5 link rates,
enabling longer cables for sources and sinks that implement 13.5Gbps as
highest link rate 178
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DP54 cables replace DP40 Cable ID used to

detect cable caps
UHBR10 UHBR13.5 UHBR20 e
10GbpsX4 lanes 13.5GbpsX4 lanes  20GbpsX4 lanes =" bR PR
~3 meters max ~1 meter max length ::E]mmﬁ
UHBR10 UHBR13.5 UHBR20

10GbpsX4 lanes 