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Purpose

The purpose of this document is to define a flexible system and apparatus capable of transporting video, audio
and other data between a Source Device and a Sink Device over a digital communications interface.

Summary

The DisplayPort™ standard specifies an open digital communications interface for use in both internal
connections, such as interfaces within a PC or monitor, and external display connections. Suitable external
display connections include interfaces between a PC and monitor or projector, between a PC and TV, or
between a device such as a DVD player and TV display.

DisplayPort Ver.1.1a is revised to correct errata items in and add clarifications to DisplayPort Standard
Version 1, Revision 1.

DisplayPort Ver. 1.2 is revised to add enhancements including higher speed operation, more flexible topology
management, multiple streams on a single connection, higher speed Auxiliary Channel communications,
improved support for audio, and a new smaller connector. It also corrects errata items in and adds
clarifications to DisplayPort Standard Version 1, Revision 1a.
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THIS STANDARD IS BEING OFFERED WITHOUT ANY WARRANTY WHATSOEVER, AND IN
PARTICULAR, ANY WARRANTY OF NON-INFRINGEMENT IS EXPRESSLY DISCLAIMED. ANY
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any support documentation, contact VESA.
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items:

January 2010 Version 1.2: While maintaining full backward-compatibility with Version 1.1a, Version 1.2
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A new link rate, 5.4Gbps/lane, called HBR2 (or High Bit Rate 2)
Enhanced 3D stereo transport capability
Color consistency/accuracy improvement support for wide color gamut contents and displays

Multi-stream transport (MST) format supporting the transmission of up to 63 independent AV streams from a
single DP connector, taking full advantage of the micro-packet transport architecture

Enhanced topology management via message transactions over sideband channel (that is, AUX CH and Hot
Plug Detect) so that a stream Source device has full knowledge of the devices and their capabilities in the
topology

High data rate audio, audio-to-video lip synchronization and audio inter-channel synchronization enablement

Fast AUX transaction at the raw bit rate of 720Mbps, or application bit rate of 576Mbps, for enabling
applications such as USB2.0 transport over AUX CH

Incorporated Mini DisplayPort Connector Standard

Highlighted the difference between DisplayPort Standard and Embedded DisplayPort (eDP) Standard

Various clarifications and errata corrections to Version 1.1a were also made in this revision
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1 Introduction

DisplayPort is an industry standard to accommodate the growing broad adoption of digital display technology
within the PC and CE industries. It consolidates internal and external connection methods to reduce device
complexity, supports necessary features for key cross industry applications, and provides performance
scalability to enable the next generation of displays featuring higher color depths, refresh rates, and display
resolutions.

1.1 DisplayPort Standard Organization

The DisplayPort Standard is organized into the following sections that define the overall architecture and
structure of the display interface:

Introduction

The introduction section defines the high level industry needs for DisplayPort, and the resulting technical
objectives that the protocol, electrical, and mechanical sections are intended to satisfy. This section also
includes a glossary of terms for the overall Standard, references, and overview of DisplayPort architecture.

Section 2 — Link Layer

The link layer section describes the protocol for configuring and managing the topology and the flow of data
over both the forward (host to display) transport channel and the auxiliary bi-directional channel. Both SST
(Single Stream Transport) mode and MST (Multi-Stream Transport) mode are covered.

Section 3 — PHY Layer

The physical layer section describes the electrical requirements of the DisplayPort transmitter and receiver
implementations. It also defines the required circuitry and encoding methodology for transmitting data to and
from the DisplayPort Link Layer over a cable or circuit board traces.

Section 4 — Mechanical

The mechanical section defines the connector and cable requirements for both internal and external
DisplayPort connectors used to convey the electrical signals defined by the DisplayPort physical layer.

Section 5 — Source, Sink, Branch Devices Policy Requirements for Interoperability

The device and link media requirements section describes the policy requirements for Source, Sink, and
Branch devices to support interoperability among devices that implement DisplayPort connections.

1.2 DisplayPort Objectives

This Standard defines a scalable digital display interface with optional audio and content protection capability
for broad application within PC and consumer electronic (CE) devices. The interface is designed to support
both internal chip-to-chip and external box-to-box digital display connections. Potential internal chip-to-chip
applications include usage within a notebook PC for driving a panel from a graphics controller, and usage
within a monitor or TV for driving the display component from a display controller. Examples of box-to-box
applications for DisplayPort include display connections between PCs and monitors, projectors, and TV
displays. DisplayPort is also suitable for display connections between consumer electronics devices such as
high-definition optical disc players, set top boxes, and television displays.

DisplayPort is designed to meet several key needs within the PC and CE industries as defined in Section 1.2.1.
These industry needs are expanded into a set of technical objectives in Section 1.2.2 of the DisplayPort
Standard to ensure that the display interface can support current and future industry requirements.
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Specific objectives for external and internal display connections are defined in Sections 1.2.3 and 1.2.4
respectively of the DisplayPort Standard. Section 1.2.5 defines the additional objectives for CE devices
applications.

1.2.1 Key Industry Needs for DisplayPort

The following PC and CE industry needs were considered in the development of the DisplayPort architecture
and resulting interface Standard:

1) Drive maximum application and re-use of digital technology to enable reduced device costs
associated with implementing a digital display connection.

2) Enable a common signaling methodology for both internal and external display connections to reduce
device complexity and promote commoditization.

3) Enable an extensible architecture that supports an optional robust content protection capability that
may be economically implemented.

4) Enable high quality optional digital audio transmission capability.

5) Enable higher levels of silicon integration and innovation within rendering and display devices to
reduce device complexity and enable digital interface commoditization.
Examples of potential DisplayPort integration capability include transmitter integration within a
graphics or display controller, and receiver integration within a timing controller on a module.

6) Simplify cabling for internal and external digital display connections.

7) Address performance concerns with existing technologies by providing higher bandwidth over fewer
wires.

8) Apply embedded clock architecture to reduce electromagnetic interference (EMI) susceptibility and
physical wire count.

9) Provide a small form factor connector that can be plugged in by feel, and a design that will enable
four connectors to be placed on a full height Peripheral Component Interconnect (PCI) card bracket.

10) Enable broad PC and CE industry via an open and extensible industry standard.

DisplayPort addresses these industry needs by defining an electrical and protocol specification that may be
readily implemented in module timing controllers, graphics processors, media processors, and display
controllers.

A forward drive channel is defined that is scalable from one to four lanes, and implements a micro-packet
architecture that supports variable color depths, refresh rates, and display pixel formats. A bi-directional
auxiliary channel is defined that also implements micro-packet architecture for flexible delivery of control
and status information.

DisplayPort includes a mechanical specification that defines a small, user-friendly external connector that is
optimized for use on thin profile notebooks in addition to allowing up to four connectors on a graphics card.
A standard module connector for internal applications is also defined in the mechanical section of this
Standard.

1.2.2 DisplayPort Technical Objectives

The cross-industry needs defined above for DisplayPort may be translated into specific technical objectives.
These technical objectives for DisplayPort are to:

1) Provide a high bandwidth forward transmission link channel, with a bidirectional auxiliary channel
capability.
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2)

3)

4)
5)
6)
7)

8)
9)

Provide application support for up to 21.6Gbps (giga bits per second) forward link channel throughput to
address long term PC industry needs to support greater than QXGA (2048x1536) pixel format and greater
than 24-bit color depths.

Provide application support for 1Mbps (mega bit per second) auxiliary channel (AUX CH) throughput
with a maximum latency of 500 micro-seconds in Manchester format, and optionally, 720Mbps in Fast
AUX (FAUX) format over the AUX CH.

Support variable color depth transmission of 6, 8, 10, 12 or 16 bits per component
Support EMI compliance to FCC/CISPR B standard with a margin of at least 6db
Support existing VESA and CEA standards where applicable.

Architecture that does not preclude legacy transmission support (e.g. DVI and LVDS) to and from
DisplayPort components.

Support hot plug and unplug detection and link status failure detection

Support full bandwidth transmission via direct drive over a two meter cable.

10) Support reduced bandwidth transmission via direct drive over a 15 meter cable. DisplayPort supports a

minimum of 1080p lines at 24bpp, 50/60Hz over 4 lanes at 15 meters.

11) Support audio skew of less than 1ms

12) Support a bit error rate of 10” for raw transport per lane, and 10™'? symbol error rate for audio and control

data after ECC encoding / decoding.

13) Support sub 65 nanometer (0.065 micron) process technologies for integration in Source devices, and

supports 0.35 micron process technologies for integration in Sink devices.

1.2.3 DisplayPort External Connection Objectives

For external connections between a Source device and a Sink device, this Standard is designed to achieve the
following technical objectives:

1) Support reading of the display EDID (Extended Display Identification Data) whenever the display is
connected to power, even trickle AC power.

2) Support DDC/CI (Display Data Channel/Command Interface) and MCCS (Monitor Command and
Controls Set) command transmission.

3) Support external display configurations that do not include scaling, a discrete display controller, or on
screen display (OSD) functions, enabling low cost, digital monitors.

4) For external notebook PC applications, DisplayPort allows support for direct drive through a docking
connector configuration. A repeater function in the dock is strongly recommended.

5) The external DisplayPort connector is identical for all display applications and provides support for
four lanes. Captive cables may support one, two or four lanes to reduce cost.

6) The external DisplayPort connector includes a multi-purpose power pin.

7) The external DisplayPort connector is symmetrical such that the same connector may be used on both
source and Sink devices.

8) The external DisplayPort connector supports connection without the need for visual alignment.

9) The external DisplayPort connector is sized to allow four connectors to fit on a standard full height
ATX/BTX bracket opening for PCI, AGP (Accelerated Graphics Port), and PCI-Express add in cards.
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1.2.4

DisplayPort Internal Connection Objectives

For internal connections such as within a notebook PC or display, this Standard is designed to achieve the
following technical objectives:

1)
2)
3)
4)
5)

1.2.5

DisplayPort defines a common module connector to simplify internal device connections.

The number of lanes in the internal cable is implementation dependent, and may be one, two or four.
Internal DisplayPort connections may support both maximum and reduced link bandwidths.

Internal DisplayPort connections support low link power modes.

Hot Plug support for internal DisplayPort connections is implementation dependent.

DisplayPort CE Connection Objectives

For application to CE devices, this Standard is designed to address the following technical objectives:

1)
2)
3)

4)

5)

6)

7)

1.2.6

DisplayPort optionally delivers digital audio data concurrent with display data.
Support for maintaining synchronization for delivery of audio and video data to within +/- 1ms.

DisplayPort architecture supports an optional robust content protection capability that may be
economically implemented.

DisplayPort supports equivalent functionality to the feature sets defined in CEA-861-C for
transmission of high quality uncompressed audio-video content, and CEA-931-B for the transport of
remote control commands between Sink and Source devices.

DisplayPort supports variable audio formats, audio codings, sample frequencies, sample sizes, and
audio channel configurations. DisplayPort supports up to eight channels of LPCM (Linear Pulse Code
Modulation) audio at 192kHz with a 24-bit sample size.

DisplayPort supports variable video formats based on flexible aspect, pixel format, and refresh rate
combinations based on the VESA DMT and CVT timing standards and those timing modes listed in
the CEA-861-C standard.

DisplayPort supports industry-standard colorimetry specifications for CE devices including RGB and
YCbCr 4:2:2 and YCbCr 4:4:4.

Content Protection for DisplayPort

For implementations of the DisplayPort interface where content protection is desired, it is recommended that
either DPCP (DisplayPort Content Protection) Version 1.0 or HDCP Version 1.3 be used. This is
recommended in order to minimize incompatibilities between DisplayPort devices in the market.

1.3

Acronyms
Table 1-1: List of Acronyms
Acronym Stands For:
ACT Allocation Change Trigger
API Application Programming Interface.
AUX Auxiliary
BER Bit Error Rate
bpc Bits Per Component
bpp Bits Per Pixel
BE Blanking End
BS Blanking Start
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Acronym Stands For:
CDR Clock and Data Recovery
CEA Consumer Electronics Association
CP Content Protection
CVT Coordinated Video Timings (VESA)
DB Data Byte
DDC/CI Display Data Channel/Command Interface (VESA)
DPCP DisplayPort Content Protection
DPCD DisplayPort Configuration Data
DJ Deterministic Jitter
DMT Discrete Monitor Timing (VESA)
DP DisplayPort (VESA)
DPCD DisplayPort Configuration Data
DP PWR DP Power
eDP Embedded DisplayPort (VESA)
ECC Error Correcting Code
ECF Encryption Control Field
E-DDC Enhanced Display Data Channel (VESA)
EDID Extended Display Identification Data (VESA)
EOS Electrical Over-Stress
EMT End of Message Transaction
ESD Electro Static Discharge
FAUX Fast AUX
GPU Graphics Processor Unit
GUID Globally Unique ID
HB Header Byte
HBR High Bit Rate (2.7Gbps per lane)
HBR2 High Bit Rate 2 (5.4Gbps per lane)
HDCP High-bandwidth Digital Content Protection
HPD Hot Plug Detect
I°’C Inter-IC
IRQ Interrupt Request
ISI Inter-Symbol Interference
LFSR Linear Feedback Shift Register.
Isb Least Significant Bit
LPCM Linear Pulse Code Modulation
LVP Link Verification Pattern
Maud M value for audio
MCCS Monitor Control Command Set (VESA)
msb Most Significant Bit
MOT Middle Of Transaction
MST Multi-Stream Transport
MTP Multi-stream Transport Packet
MTPH Multi-stream Transport Packet Header
Mvid M value for video
Naud N value for audio
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Acronym Stands For:
nb Nibble
Nvid N value for video
NORP Number Of Receiver Ports
OCP Over Current Protection
OUI Organizational Unique ID
PB Parity Byte
PCB Printed Circuit Board
PRBS Pseudo Random Bit Sequence
RBR Reduced Bit Rate
RG Rate Governing
RGB Red Green Blue
RJ Random Jitter
RTL Register Transfer Level
RX Receiver
SDP Secondary-Data Packet
SE SDP End
SF Stream Fill
SR Scrambler Reset
SS SDP Start
SSC Spread Spectrum Clock
SST Single-Stream Transport
TCON Timing Controller
TDR Time Domain Reflectometry
TIA Timing Interval Analyzer
TIE Timing Interval Error
TJ Total Jitter
TU Transfer Unit
X Transmitter
Ul Unit Interval
VB-ID Vertical Blanking ID
VESA Video Electronics Standards Association
VHDL Very high speed integrated circuit Hardware Description
Language
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1.4 Glossary

Table 1-2: Glossary of Terms

Terminology

Definition

ANSI 8§B/10B

Channel coding specification as specified in ANSI X3.230-1994, clause 11

AUX CH

Half-duplex, bidirectional channel between DisplayPort transmitter and DisplayPort receiver.
Consists of 1 differential pair transporting data in one of two transaction formats, Manchester
format at 1Mbps or FAUX format at 720Mbps. A DisplayPort Upstream device is the master (also
referred to as AUX CH requester) that initiates an AUX transaction. A DisplayPort Downstream
device is the slave (also referred to as AUX CH replier) that replies to the AUX transaction
initiated by the requester.

Back channel

See the definition in “Directionality terminologies”

Box-to-box Connection

DisplayPort link between two boxes that is detachable by an end-user. A DisplayPort cable-
connector assembly for the box-to-box connection shall have four Main Link lanes.

bpc Bits per color, the number of bits for each of R,G, B or Y, Cy, and C,.

Bits per pixel, the number of bits for each pixel. For RGB and YC,Cr 4:4:4, the bpp value is three
bpp times the bpc value. For YCbCr 4:2:2, the bpp value is two times the bpc value. For Y-only, the

bpp value is equal to the bpc value.

DisplayPort cable that is attached to Sink device and cannot be detached by an end-user. Captive
Captive Cable DisplayPort cable may have one, two, or four Main Link lanes, while end-user-detachable cable is

required to have four Main Link lanes.

Branch Device

Devices located in between root (Source device) and leaf (Sink device). Examples are:
- Repeater device

- DisplayPort-to-Legacy converter

- Legacy-to-DisplayPort converter

- Replicater device

- Composite device

For definitions of these Branch devices, refer to Section 2.1.4.

CEA Range

Nominal zero luminance intensity level at 16 for 24bpp, 64 for 30bpp, 256 for 36bpp, and 1024
for 48bpp.

Maximum luminance intensity level at maximum code value allowed for bit depth, namely, 235
for 24bpp RGB, 940 for 30bpp RGB, 3760 for 36bpp RGB, and 15040 for 48bpp RGB.

Note: The RGB CEA range is defined for 24, 30, 36, 48bpp RGB only.

Debouncing Timer

A timer that counts the “debouncing period” to elapse after a mechanical contact (for example,
plugging in a cable-connector assembly to a receptacle connector) to give the signals on the
connectors time to settle.

De-spreading

An operation by a Sink device for getting rid of down-spread of the stream clock when the clock
is regenerated from the down-spread link symbol clock.

Directionality Terminologies

(Downstream/Upstream
port/link/device,
Downward/Upward Message
Transactions,

Forward/Back Channel)

A link through which data is transmitted by a uPacket TX port of a DP device (either a DP Source
device or a DP Branch device) is called a “Downstream link” of the DP device and the port
through which the link is driven is a "Downstream port".

A link through which data is received by a uPacket RX port of a DP device (either a DP Branch
device or a DP Sink device) is called an “Upstream link” of the DP device and the port through
which the link is receiving data is an "Upstream port".

From the point of view of the device that transmits Main Link data, the device at the other end of
the link that receives the data is its Downstream device. From the point of view of the device that
receives Main Link data, the device at the other end of the link that transmits the data is its
Upstream device.

As for Sideband MSG and Message Transaction, a request Message Transaction (consisting of
one or multiple request Sideband MSGs) originated by a DP device toward the Downstream
devices is called a downward-going request, or DOWN_REQ_MSG. A reply to the downward-
going request is called an upward going reply, or UP_REP_MSG. A request Message Transaction
originated by a DP device toward Upstream devices is called an upward-going request, or
“UP_REQ_msg. A reply to the upward-going request is called an downward going reply, or
DOWN REP MSG.
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Terminology

Definition

As for AUX transactions, the channel from an Upstream device to a Downstream device (used for
request transactions) is the Forward channel and the channel from a Downstream device to an
Upstream device (used for reply transactions) Back channel.

Downstream port/link/device

See the definition in “Directionality terminologies”

DisplayPort Content Protection - one of the content protection system options for the DisplayPort

DPCP link.
Note: DPCP is not part of the DisplayPort standard.
DisplayPort Receiver Circuitry that receives the incoming DisplayPort Main Link data. It also contains the transceiver

circuit for AUX CH.

DisplayPort Transmitter

Circuitry that transmits the DisplayPort Main Link data. Also contains the transceiver circuit for
AUX CH.

DisplayPort Configuration Data
(DPCD)

Mapped to the DisplayPort address space of DisplayPort Sink device. A DisplayPort Source
device reads the receiver capability and status of the DisplayPort link and the Sink device from
DPCD address. In addition, DisplayPort Source device writes to the link configuration field of
DPCD to configure and initialize the link.

Down-spread

Spreading a clock frequency downward from a peak frequency. As compared to “center-spread”,
avoids exceeding the peak frequency specification.

eDP

Embedded connection, as specified in the VESA Embedded DisplayPort Standard.

Embedded Connection

DisplayPort link within a box that is not to be detached by an end-user. DisplayPort cable for the
embedded connection may have one, two, or four Main Link lanes.

Power mode for the FAUX receiver in a Downstream device. When FAUX Mode is disabled by

FAUX Mode the Upstream device, the Downstream device may place its FAUX receiver in a low power state.
See Manchester Mode.
FAUX Transaction AUX transaction using 8B10B encoding used for transfers at 720Mbps on the AUX CH

Forward Channel

See the definition in “Directionality terminologies”

Gen-lock

Locking the output timing of a circuit to the input timing. For example, the DisplayPort receiver
may Gen-lock its DE output timing to the timing of DE signal it receives from a transmitter on the
other end of the link.

HDCP

High-bandwidth Digital Content Protection — one of the content protection system options for the
DisplayPort link.
Note: HDCP is not part of the DisplayPort Standard.

HPD Pulse

There are two kinds of HPD (Hot Plug Detect) pulse depending on the duration.

- A Sink device, when issuing an IRQ (Interrupt ReQuest) to the Source device, must generate a
low-going HPD pulse of 0.5ms — 1ms in duration. Upon detecting this “IRQ HPD pulse”, the
Source device must read the link/sink status field of the DPCD and take corrective action.

- When a source detects a low-going HPD pulse longer than 2ms in duration, it must be regarded
as a hot plug event HPD pulse. Upon detecting this hot plug event HPD pulse, the source must
read the receiver capability field and link/sink status field of the DPCD and take corrective action.

Hybrid Device

A Branch device responsible for transporting data between one or more Source devices to one or
more Sink devices by means other than that provided for by the physical layer as defined in
Section 3. And mechanical, cable-connector assembly specifications as defined in Section 4.1. A
Hybrid device may use alternative wired or wire-free means including optical or radio technology.
Such a device shall transport the Link Layer as defined in Section 2. The interfaces of Hybrid
devices must meet the interface requirements of both Source and Sink devices.

Idle Pattern

Link symbol pattern sent over the link when the link is active with no stream data being
transmitted.

Leaf Device

Sink device, located at a leaf in a DisplayPort tree topology.

Link Clock Recovery Operation of recovering the link clock from the link data stream.

Link Layer Server providing services as instructed or requested by the stream- / link-policy maker.

Link Policy Maker Manages the !mk an(.i is responsible for keeping the link synchronized. All DisplayPort devices
must have a link policy maker.

Link Symbol Clock Link symbol clock frequency is 540MHz for 5.4Gbps per lane, 270MHz for 2.7Gbps per lane,

while it is 162MHz for 1.62Gbps per lane.
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Terminology

Definition

Main Link

Unidirectional channel for isochronous stream transport from DisplayPort Source device to
DisplayPort Sink device. Consists of 1, 2, or 4 lanes, or differential pairs. Supports 3 bit rates:
5.4Gbps per lane (referred to as “high bit rate 2), 2.7Gbps per lane (referred to as “high bit rate”)
and 1.62Gbps per lane (referred to as “low bit rate” or “reduced bit rate”).

Main Stream Attributes

Attributes describing the main video stream format in terms of geometry and color format.
Inserted once per video frame during the video blanking period. Used by the DisplayPort receiver
in reconstructing the stream.

Manchester Mode

Power mode for the FAUX receiver in a Downstream device in which it is only capable of
receiving Manchester Transactions. Also used to describe devices that do not support FAUX
transitions.

Manchester Transaction

AUX transaction using Manchester Il encoding used for transfers at 1Mbps on the AUX CH

Multi-stream Transport. Transport format for transporting multiple main video streams, each of
which enclosed in a VC Payload and may have a Secondary-Data Packet (SDP) stream such as an
audio stream (or SDP stream only without main video stream). Uses MTP (Multi-stream

MST Transport Packet) as the unit of Micro-Packet.
SST (Single Stream Transport) transport format, in the meantime, supports the transport of one
main video stream which may have an SDP stream.

T e
7-bit pseudo random bit sequence according to ITU-T Recommendation O.150, "General
Requirements for Instrumentation for Performance Measurements on Digital Transmission
Equipment”, May 1996
G(x) = x"7 + x"6 + | (non-inverted signal)
Length of sequence = 127 bits
The actual sequence must be:

PRBS7 | e direction ---=2>

0010000011000010100

011110010001011001110101001
111101000011100010010011011
010110111101100011010010111
011100110010101011111110000

Note: Upper left transmitted first and lower right transmitted last.

Rendering Function

Function of displaying/processing the stream data. For example, video display, speaker, and
format converter.

Root Device

Source device, located at a root in a DisplayPort tree topology.

Secondary-data

Data transported over the Main Link which is not main video stream data. Audio data and
InfoFrame packet are examples.

Sink Device

Contains one sink function and at least one rendering function, and is a Leaf device in a
DisplayPort tree topology.

Sink Function

Sink functionality (reception of stream) of DisplayPort

Source Device

Contains one or more Source functions and is a root in a DisplayPort tree topology.

Source Function

Source functionality (transmission of stream) of DisplayPort

SST

Single-Stream Transport. Transport format for transporting a single main video stream which may
have a Secondary-Data Packet stream such as an audio stream (or an SDP stream only without
main video stream). Uses TU (Transfer Unit) as the unit of Micro Packet.

MST (Multi-Stream Transport) transport format supports the transport of multiple main video
streams, each of which enclosed in a VC Payload and may have an SDP stream such as an audio
stream (or SDP stream only without main video stream).

Stream Clock

Used for transferring stream data into a DisplayPort transmitter within a DisplayPort Source
device or from a DisplayPort receiver within a DisplayPort Sink device. Video and audio
(optional) are likely to have separate stream clocks

Stream Clock Recovery

Operation of recovering the stream clock from the link symbol clock.

Stream Policy Maker

Manages transportation of an isochronous stream.
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Terminology

Definition

Symbol

There are data symbols and control symbols.

Data symbols contain 8 bits of data and are encoded into 10-bit data characters via channel coding
as specified in ANSI X3.230-1994, clause 11 (abbreviated as “ANSI 8B/10B” in this document)
before being transmitted over a link.

DisplayPort also defines nine control symbols used to frame data symbols. Control symbols are
encoded into nine of the twelve 10-bit special characters of ANSI 8B/10B (called K-codes).

TCON

Timing controller circuit that outputs control and data signals to driver electronics of a display
device.

Time Stamp

A value used by a clock circuit in order to keep two systems synchronized

Transfer Unit (TU)

Used to carry main video stream data during its horizontal active period. TU has 32 to 64 symbols
per lane (except at the end of the horizontal active period), each consisting of active data symbols
and fill symbols.

Trickle Power

Power for Sink device that is sufficient to let the Source device read EDID via the AUX CH, but
insufficient to enable Main Link and other sink functions.

For Sink to drive the HPD signal high, at least the trickle power must be present.
The amount of power needed for the trickle power is sink implementation specific.

Upstream port/link/device

See the definition in “Directionality terminologies.”

Data symbol indicating whether the video stream is in vertical blanking interval, whether video

VB-ID stream is transported, and whether to mute audio.
Nominal zero luminance intensity level at code value zero.

VESA Range Maxi.mum luminance intensity level is the maximum code value allowed for the bit depth.
Specifically, 63 for 18bpp RGB, 255 for 24bpp RGB, 1023 for 30bpp RGB, 4095 for 36bpp RGB,
and 65,535 for 48bpp RGB.

Via A cross-over between layers of a multi-layer PCB (printed circuit board)

Video Horizontal Timing

Horizontal timing means video line timing. For example, horizontal period and horizontal
synchronization pulse mean line period and line synchronization pulse, respectively.

The term “horizontal” does not necessarily correspond to the physical orientation of the display
device. For instance, a line may be oriented vertically on a “portrait” display.

Video Vertical Timing

Vertical timing means video frame (or field) timing. For example, vertical period and vertical
synchronization pulse mean a frame (or field) period and a frame synchronization pulse,
respectively.

The term “vertical” does not necessarily correspond to the physical orientation of the display
device. For instance, a line may be oriented horizontally on a “portrait” display.
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1.5 Reference Documents

Table 1-3: Reference Documents

Document Version/Revision Date
ANSI INCITS 230-1994, FibreChannel — Physical and Signaling Interface 1994
(FC-PH) — see webstore.ansi.org
ANSI/EIA-364-09C, Durability Test Procedure for Electrical Connectors June 1999
and Contacts - see global.ihs.com
ANSI/EIA-364-13B, Mating and Unmating Forces Test Procedure for December 1998
Electrical Connectors - see global.ihs.com
ANSI/EIA-364-17B, Temperature Life with or without Electrical Load June 1999
Test Procedure for Electrical Connectors and Sockets - see global.ihs.com
ANSI/EIA-364-20C, Withstanding Voltage Test Procedure for Electrical June 2004
Connectors, Sockets, and Coaxial Contacts - see global.ihs.com
ANSI/EIA-364-21C, Insulation Resistance Test Procedure for Electrical May 2000
Connectors, Sockets, and Coaxial Contacts - see global.ihs.com
ANSI/EIA-364-23B, Low Level Contact Resistance Test Procedure for December 2000
Electrical Connectors and Sockets - see global.ihs.com
ANSI/EIA-364-27B, Mechanical Shock (Specified Pulse) Test Procedure May 1996
for Electrical Connectors - see global.ihs.com
ANSI/EIA-364-28D, Vibration Test Procedure for Electrical Connectors July 1999
and Sockets - see global.ihs.com
ANSI/EIA-364-31B, Humidity Test Procedure for Electrical Connectors - May 2000
see global.ihs.com
ANSI/EIA-364-32C, Thermal Shock (Temperature Cycling) Test May 2000
Procedure for Electrical Connectors and Sockets - see global.ihs.com
ANSI/EIA-364-41C, Cable Flexing Test Procedure for Electrical June 1999
Connectors - see global.ihs.com
ANSI/EIA-364-70, Temperature Rise Versus Current Test Procedure for May 1998
Electrical Connector and Sockets - see global.ihs.com
ANSI/EIA-364-98, Housing Locking Mechanism Strength Test Procedure June 1997
for Electrical Connectors - see global.ihs.com
CEA-861-E, A DTV Profile for Uncompressed High Speed Digital March 2008
Interface - see global.ihs.com
CEA-931-B, Remote Control Command Pass-Through Standard for Home September 2003
Networking - see global.ihs.com
High-Bandwidth Digital Content Protection System, Amendment for 1.3/1.1 December 2009
DisplayPort - see www.digital-cp.com
IEC 61000-4-2, Electromagnetic Compatibility (EMC) — 2.0 December 2008
Part 4-2: Testing and Measurement Techniques — Electrostatic Discharge
Immunity Test— see webstore.iec.ch
IETF 4122, A Universally Unique IDentifier (UUID) URN Namespace — July 2005
see www.ietf.org/rfc/rfc4122.txt
ITU-R BT.601-6, Studio Encoding Parameters of Digital Television for January 2007
Standard 4;3 and Wide Screen 14:9 Aspect Ratio — see
www.itu.int/publications
ITU-R BT.709-5, Parameter Values for the HDTV Standards for April 2002

Production and International Programme Exchange— see
www.itu.int/publications
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Document Version/Revision Date
JEDEC JESD22-A114FElectrostatic Discharge (ESD) Sensitivity Testing December 2008
Human Body Model (HBM) — see www.jedec.org/download/default.cfm
VESA Glossary of Terms — see www.vesa.org Current Current
VESA Intellectual Property Rights (IPR) Policy 200 — B February 2005
www.vesa.org/Policies/ipp.htm
VESA Display Data Channel Command Interface (DDC/CI) Standard — Version 1, Revision 1 October 2004
WWW.vesa.org
VESA DisplayPort Panel Connector Standard — www.vesa.org Version 1.1a May 2009
VESA Embedded DisplayPort (eDP) Standard — www.vesa.org Version 1.1 October 2009
VESA Enhanced Display Data Channel (E-DDC) Standard — Version 1, Revision 1 March 2004
WWW.vesa.org
VESA Enhanced Extended Display Identification Data (E-EDID) Standard | Release A, Revision 2 September 2006
— WWW.vesa.org
VESA and Industry Standards and Guidelines for Computer Display Version 1, Revision 12 | November 2008

Monitor Timing (DMT) — www.vesa.org

VESA Display Identification Data (DisplayID) Structure Standard —
WWW.Vesa.org

Version 1, Revision 1

March 3, 2009

VESA Mini DisplayPort Connector (mDP) Standard — www.vesa.org

Version 1

October 2009

VESA Monitor Control Command Set (MCCS) Standard — www.vesa.org

Version 2, Revision 2

January 2009

1.6 Nomenclature for Bit and Byte Ordering

This section describes the bit and byte ordering of the Main Link and the AUX CH.

1.6.1 Bit Ordering

1.6.1.1 Parallel Bit Ordering
e Main Link

0 Within a byte, bit 0 is the least significant bit (Isb) and bit 7 is the most significant bit (msb).

msb

Isb

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3

Bit 2 Bit 1

Bit 0

0 For 8 bits per color, red bit 7 (R7) is placed at bit 7 and r

ed bit 0 (RO) is placed at bit 0

msb Isb
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit2 Bit 1 Bit 0
R7 R6 R5 R4 R3 R2 R1 RO

0 For 6 bits per color, red bit 5 is placed at bit 7 (R5) and green bit 4 (G4) is placed at bit 0

msb Isb
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit2 Bit 1 Bit 0
R5 R4 R3 R2 R1 RO G5 G4
e AUXCH

0 Within a byte, bit 0 is the least significant bit while bit 7 is the most significant bit

1.6.1.2 Serial Bit Ordering After Channel Encoding
e Main link (ANSI 8B/10B)
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0 The least significant bit is transmitted first and the most significant bit last.

e AUX CH (Manchester II in Manchester Transaction Format mode or ANSI8B/10B in FAUX
transaction format mode)

0 The most significant bit is transmitted first and the least significant bit last.

1.6.2 Byte Ordering
. Main link, main stream
0 The most significant byte is transmitted first.

For example, if the color bit depth of an RGB pixel is 16 bits per color, R15:8 (red bits 15 — 8) is
transmitted first and is followed by R7:0 (Red bits 7 — 0).

R15:8
R7:0

0 When certain parameters of the main stream attribute packet have multiple bytes, the most
significant byte is transmitted first.
For example, Mvid23:16 is transmitted first, followed by Mvid15:8, and then, by Mvid7:0.

Mvid23:16
Mvid15:8
Mvid7:0

e Main link, Secondary-data packet

0 The least significant byte is transmitted first as shown in the audio sample data example below.

Audio sample0 channe0 byte 0

Audio sample0 channe0 byte 1

Audio sample0 channe0 byte 2

Audio sample0 channe( byte 3
e AUXCH

O In burst write/read operations over the AUX CH, the address is increased by one after each data
byte. For the DPCD fields that have multiple bytes, the least significant byte is stored at the
lowest address. During burst operation of an AUX transaction, therefore, the least significant byte
is transported first.

Test H Total bits 7:0 (address 00222h)
Test H Total bits 15:8 (address 00223h)

Source IEEE OUI first two hex digits (address 00300h)
Source IEEE OUI second two hex digits (address 00301h)
Source IEEE OUI third two hex digits (address 00302h)

Note: As specified in Section 1.6.1, the most significant bit is transported first and the least significant last
over the AUX CH.
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1.7 Overview of DisplayPort
A DisplayPort link consists of a main link, an auxiliary channel (AUX CH), and a Hot Plug Detect (HPD)
signal line.

As shown in Figure 2-45: DisplayPort Data Transport Channels

below, the Main Link is a unidirectional, high-bandwidth and low-latency channel used below, the Main
Link is a unidirectional, high-bandwidth and low-latency channel used to transport isochronous data streams
such as uncompressed video and audio. The auxiliary channel is a half-duplex bidirectional channel used for
link management and device control. The HPD signal also serves as an interrupt request by the Sink device.

In addition, the DisplayPort connector for a box-to-box connection has a power pin for powering either a
DisplayPort repeater or a DisplayPort-to-Legacy converter.

Source Device Main link Sink Device
(Isochronous streams)

—

DisplayPort DisplayPort
TX RX

Figure 1-1: DisplayPort Data Transport Channels

1.7.1 Make-up of the Main Link

The Main Link consists of one, two or four AC-coupled, doubly terminated differential pairs (called lanes).
AC-coupling facilitates the silicon process migration since the DisplayPort transmitter and receiver may have
different common mode voltages.

Three link rates are supported, 5.4Gbps, 2.7Gbps and 1.62Gbps per lane. All enabled lanes must be operating
at the same link rate. The link rate is decoupled from the pixel rate. The pixel rate is regenerated from the link
symbol clock using the time stamp values M and N. The capabilities of the DisplayPort transmitter and
receiver, and the quality of the channel (or a cable) will determine whether the link rate is set to 5.4Gbps,
2.7Gbps or 1.62Gbps per lane.

The number of lanes of Main Link is 1, 2, or 4 lanes. The number of lanes is decoupled from the pixel bit
depth (bits per pixel, or bpp) and component bit depth (bits per component, or bpc). Component bit depths of
6, 8, 10, 12, and 16 are supported with the colorimetry formats of RGB, YCbCr 4:4:4 / 4:2:2 in DisplayPort
regardless of the number of Main Link lanes.

All lanes carry data. There is no dedicated clock channel. The clock is extracted from the data stream itself
that is encoded with ANSI 8B/10B coding rule (channel coding specified in ANSI X3.230-1994, clause 11).

Source and Sink devices are allowed to support the minimum number of lanes required for their needs. The
devices that support two lanes are required to support both one and two lanes, while those that support four
lanes are required to support one, two and four lanes. An external cable that is detachable by an end-user is
required to support four lanes to maximize the interoperability between Source and Sink devices.

Excluding the 20% channel coding overhead, the DisplayPort Main Link provides for the application
bandwidth (also called the link symbol rate) of:

e Link rate = 5.4Gbps
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0 1 lane = 540Mbytes per second

0 2 lanes = 1080Mbytes per second

0 4 lanes = 2160Mbytes per second
e Link rate = 2.7Gbps

0 1 lane = 270Mbytes per second

0 2 lanes = 540Mbytes per second

0 4 lanes = 1080Mbytes per second
e Link rate = 1.62Gbps

0 1 lane = 162Mbytes per second

0 2 lanes = 324Mbytes per second

0 4 lanes = 648Mbytes per second

DisplayPort devices may freely trade pixel bit depth with pixel format and the frame rate of a stream within
the available bandwidth.

The data mapping of a stream to the Main Link is devised to facilitate the support of various lane counts. For
example, the pixel data is packed and mapped over a four lane Main Link as follows, regardless of the pixel
bit depth and colorimetry format:

e Pixel data mapping over a four lane Main Link

0 Pixels0,4 : Lane 0,
0 Pixels1,5 : Lane 1
O Pixels2,6 : Lane 2
0 Pixels3,7 : Lane 3

The stream data is packed into “micro-packets” which are called “transfer units” in SST (Single Stream
Transport) mode and MTP (Multi-stream Transport Packet) in MST (Multi-Stream Transport) mode. After
the stream data is packed and mapped to main link, the packed stream data rate will be equal to or smaller
than the link symbol rate of the main link. When it is smaller, stuffing symbols are inserted.

1.7.2 Make-up of AUX CH
AUX CH consists of an AC-coupled, doubly-terminated differential pair. Manchester-1I coding is used as the
channel coding for the AUX CH. As is the case with main link, the clock is extracted from the data stream.

AUX CH is half-duplex, bidirectional. The Source device is the master and the Sink device the slave. A Sink
device may toggle the HPD signal to interrupt the Source device which would prompt an AUX CH request
transaction.

AUX CH provides a data rate of 1Mbps over the supported cable lengths of up to 15m and longer. Each
transaction takes no more than 500us with a maximum burst data size of 16 bytes. This avoids AUX CH
contention problems by one application starving other applications.

AUC CH in Fast AUX transaction format provides a data rate of 720Mb/s over HBR (high bit rate) cable.

1.7.3 Link Configuration and Management

Upon Hot Plug detection, the Source device configures the link through link training. The correct number of
lanes is enabled at the correct link rate with the correct drive current and equalization level through the
handshake between DisplayPort transmitter and receiver via AUX CH.
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During normal operation following link training, the Sink device may notify a link status change, for example,
loss of synchronization, by toggling the HPD signal, this causes interrupt request. The Source device then
checks the link status via the AUX CH and takes corrective action. This closed-loop link operation enhances
the robustness and interoperability between source and Sink devices.

Since the link rate is decoupled from the stream rate, the DisplayPort link may stay active and stable even
when the timing of a transported stream changes.

1.7.4 Layered, Modular Architecture
Figure 1-2: shows the layered architecture of DisplayPort.

Stream pl_c;::lé Stream
Source(s) Make); Sink(s)

Isochronous AUX CH AUX CH AUX CH AUX CH Isochronous
Transport Device Link Link Device Transport
Services Services Services Services Services Services

Figure 1-2: Layered Architecture

In Figure 1-2: above, DPCD (DisplayPort Configuration Data) in the Sink device describes the capability of
the receiver, just as EDID describes that of the Sink device. Link and stream policy makers manage the link
and the stream, respectively. Details (state machine, firmware, or system software) are implementation-
specific.

Note: At some future time the physical layer may be replaced while the link layer remains unchanged. This
allows the DisplayPort Standard to evolve along with the technology to maintain its cost and performance
position.

Also, the micro-packet based data transport enables a seamless extension of the DisplayPort Standard toward
supporting multiple audio-visual streams and other data types. Switches and hubs may be used to route
streams among multiple sources and Sink devices.

When content protection is required, it is recommended that HDCP Version 1.3 Amendment for DisplayPort
Revision 1.1 is used.
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2 Link Layer

2.1 SST Mode Introduction

This section describes the services provided by the link layer of DisplayPort in SST (single stream transport)
mode. (Those sub-sections in this section that are applicable to both SST and MST modes are explicitly noted
in the sub-section titles.) These services are:

e Isochronous transport services over the main link

The isochronous transport services, based on a micro-packet architecture, maps the video and audio
streams onto the Main Link symbols with a set of rules, (explained in Section 2.2), so that the streams
can be correctly re-constructed into the original format and time base in the Sink device.

e Link and device management services over the AUX CH

Link services are used for discovering, configuring, and maintaining the link. The AUX CH
read/write access to DPCD (DisplayPort Configuration Data) address is used for these purposes.
Device services support device-level applications such as EDID read and MCCS control. In addition,
the AUX CH may be used for optional content protection.

In conjunction with the description of these services, AUX CH states/arbitration and transaction syntax are
also covered in this section.

Stream Stream
Source(s) Sink(s)

Isochronous AUX CH AUX CH AUX CH AUX CH Isochronous
Transport Device Link Link Device Transport
Services Services Services Services Services Services

PHY Layer PHY Layer
Main Link Main Link

Figure 2-1: Overview of Link Layer Services

The link layer provides services as instructed or requested by the stream/link policy makers (Figure 2-1). The
stream policy maker manages the transport of the stream. The link policy maker manages the link and is
responsible for keeping the link synchronized.
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In this section (and in the entire DisplayPort Standard), only the interactions between the policy makers and
the link layer are described. The syntax for these interactions (that is, the API) is implementation-specific, and
beyond the scope of this document.

2.1.1 Number of Lanes and Per-lane Data Rate (Applicable both in SST and MST Modes)

DisplayPort supports three options for the number of Main Link lanes and two options for Main Link data rate
per lane as follows:

e 4- 2- orl-lane
e 5.4Gbps, 2.7Gbps or 1.62Gbps per lane

The link layer specification and data mapping specification in particular, is defined to facilitate the support of
these lane count options.

The per lane data rate is determined not only by the capabilities of DisplayPort transmitter and receiver but
also by the quality of a channel, or a cable.

The DisplayPort Sink device must indicate the capability of its receiver in the receiver capability field of the
DPCD, as described.

After reading the receiver capability, the DisplayPort Source device must configure the link by writing to the
link configuration field of the DPCD in the DisplayPort Sink device and then running link training.

Through this process of receiver capability discovery and link training, the DisplayPort Source and Sink

devices are able to negotiate for the optimal lane count and per lane data rate for a given connection.

2.1.2 Number of Main, Uncompressed Video Streams in SST Mode

The scope of DisplayPort Standard is limited to the transport of a single, uncompressed video stream as the
main stream, with the optional insertion of secondary-data packets such as an audio stream packet.

2.1.3 Basic Functions (Applicable both in SST and MST Modes)
The basic functions of DisplayPort devices are described below.

e uPacket TX function — Functionality of Main Link symbol transmission
e uPacket RX function — Functionality of Main Link symbol reception

e Stream Source/Sink function — Functionality of sourcing and sinking of streams

2.1.4 DisplayPort Device Types and Link Topology in SST Mode

A device will contain at least one DisplayPort function as well as other functions such as a display, speakers,
recording device or even an entire computer.

The DisplayPort Standard covers the following device types:

e Source device - a device that contains one or more stream source functions and uPacket TX functions
and is a root in a DisplayPort tree topology.

e Sink device — a device that contains one or more uPacket RX functions and one or more stream sink
functions and is a leaf in a DisplayPort topology.

e Repeater device (one input, one output) — a device that contains one DisplayPort uPacket RX function
and one DisplayPort uPacket TX function.

e Legacy-to-DisplayPort Converter (one input, one output) — a device that contains one legacy RX
function and one DisplayPort uPacket TX function.
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e DisplayPort-to-Legacy Converter (one input, one output) — a device that contains one DisplayPort
uPacket RX function and one legacy TX function.

e Replicator device (one DisplayPort uPacket RX function and k DisplayPort uPacket TX functions,
where k is a positive integer > 1) — this device may include one or more legacy converter TXs.

e  Output Switch device (one DisplayPort uPacket function and k DisplayPort TX and/legacy TX
functions, where k is a positive integer > 1) — Unlike a Replicator device, only one DisplayPort
uPacket TX (or legacy TX) is selected at a time.

e Input Switch device (k DisplayPort uPacket RX functions and one DisplayPort uPacket TX function,
where k is a positive integer >1) — this device may include one or more legacy converter RXs; only
one DisplayPort uPacket RX (or legacy RX) is selected at a time.

e Composite Sink device — a replicator with a stream sink function. For example, a display that has one
or more downstream ports. A format converter that alters the stream is regarded as a Composite Sink
device.

DisplayPort devices with uPacket TX function and/or uPacket RX function must have a link policy maker. A
Source device that originates or processes (for example, format conversion) the stream data and Sink devices
must also have a stream policy maker.

Repeater, Input Switch, and Output Switch may be built without DisplayPort uPacket TX/RX functions as
long as those devices forward the incoming DisplayPort stream to the outgoing DisplayPort stream without
ANSI8B/10B decoding/encoding. These DisplayPort devices without uPacket TX/RX functions are called
Cable Extenders. Hybrid devices that perform the interface media conversion (for example, between electrical
and optical) are typically built as Cable Extender devices.

DisplayPort devices with uPacket RX function must have a DPCD. Sink devices and Composite Sink devices
must also have an EDID.

Using the above device types, DisplayPort networks consisting either of a single link or multiple links (daisy
chain or tree) may be configured.

From the perspective of the device location within a link, the devices are categorized as follows:
e Root device = Source device
o Leafdevice = Sink device
e Branch device = Devices other than a Source device or a Sink device described above.

The Source device needs only to read the link capability and the presence of Sink (DPCD), and the Sink
device capability (EDID) and speaker presence (MCCS) from its downstream device to source a stream
accordingly.

Figure 2-3 — Figure 2-7 show examples of DisplayPort link topologies.
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DP Source Device DP Sink Device

Stream Sink

Stream Source w/ EDID

DP uPacket TX DP pPacket RX

DisplayPort Link w/ DPCD
Figure 2-2: Single Link DisplayPort Link
DP Source Device DP Sink Device
Stream Source St\:;aénDISI;nk
DP yPacket TX g PP hPagket RX | DP wPacket TX DrsplayPor DP uPacket RX
Link

Figure 2-3: DisplayPort Source Device to DisplayPort Sink Device via a Repeater

DP Source Device Legacy Sink Device
Stream Sink
Stream Source w/ EDID
DP pPacket RX
DP pPacket TX DisplayPort w/ DPCD Legacy TX Lcla_gi;:l::y Legacy RX
Link

Figure 2-4: DisplayPort Source Device to Legacy Sink via DisplayPort-to-Legacy Converter
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Legacy Source Device

Stream Source

Legacy TX

Legacy
Link

Figure 2-5: Legacy Source Device to DisplayPort Sink Device via a Legacy-to-DisplayPort Converter

DP Source Device

Stream Source

Legacy RX

DP pPacket TX

DP Sink Device

Stream Sink
w/ EDID

DisplayPort
Link

DP pPacket RX
w/ DPCD

DP Sink Device

DP pPacket RX Stream Sink
DP pPacket TX DisplayPort w/ DPCD w/ EDID
Link
DP pPacket TX - DP pPacket RX
Dlspl_ayPort w/ DPCD
Link
DP Source Device
DP pPacket RX
/| w/DPCD
Stream Source
DisplayPort
DP pPacket TX /1 Link

Figure 2-6: Multiple DisplayPort Source Devices to a DisplayPort Sink Device via an Input Switch
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DP Source Device

Stream Source

DP Sink Device

Stream Sink
w/ EDID

DisplayPort %

DP pPacket RX
w/ DPCD

y

DP pPacket RX Ve . )
DP pPacket TX DispiayPort w/ DPCD DP pPacket TX DP Sink Device
Link
Stream Sink
w/ EDID

DP pPacket RX

DP pPacket TX w/ DPCD

DisplayPort
Link

Figure 2-7: A DisplayPort Source Device to Multiple DisplayPort Sink Devices via a Replicator

When only one uPacket TX is selected at a given time, a Replicator device shown above becomes an Output
Switch device.

2.1.4.1 EDID and DPCD of SST-only Mode Branch Devices

After an EDID read by the Source device, a Branch device must reply with the EDID of the downstream Sink
device.

A Branch device must update its uPacket RX capability field to comprehend not only its own DPCD but also
the downstream DPCD.

For example, even if a repeater device is capable of supporting up to four lanes of Main Link, it must report
support for two lanes to the Source device if its downstream link is only capable of up to two lanes.

2.1.41.1 EDID and DPCD Access Handling by Replicator Device (Informative)
How a Replicator device handles EDID and DPCD access by an upstream device is implementation-specific.

Examples:

When only one Sink device is connected to its downstream ports, the Replicator device may reply with the
EDID of that Sink device.

When multiple Sink devices are connected, the replicator device may reply with the EDID of one of the Sink
devices.

When such an approach is taken, the Replicator device “NACKSs” the EDID read over the AUX CH only
when no device is connected to it.

The same approach may be taken for the DPCD of the downstream links. It is the responsibility of a
Replicator device manufacturer to describe the EDID and DPCD handling policy to a user (for example, in a
user’s manual and/or with labeling).

Note: The Replicator device is recommended to choose the same downstream port for EDID and DPCD
access.
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2.1.4.1.2 EDID and DPCD Access Handling by Composite Sink Device (Informative)

Handling of EDID and DPCD access by a composite device is implementation-specific. For example, it may
reply with the EDID of its own sink and may choose not to comprehend the DPCD of its downstream link.

Note: In SST mode, the DisplayPort Standard does not currently define a mechanism through which the
upstream device can read multiple EDID’s of Sink devices connected to Branch device(s).

2.1.4.2 Docking Station (Informative)

A docking station is either a Replicator device or a Composite Sink device (with format converting function)
embedded in a Source device. Since it is embedded, the management policy is implementation-specific and
beyond the scope of this Standard.

DisplayPort AUX CH address space of 00300h - 003FFh is reserved for vendor-specific usage for Source
devices. This address space may be used to configure a docking station.

2.2 Isochronous Transport Services in SST Mode
The isochronous transport services of the link layer provide the following:

e Mapping of stream data to and from Main Link lanes
0 Packing and unpacking
0 Stuffing and unstuffing
0 Framing and unframing
0 Inter-lane skewing and de-skewing

e Stream clock recovery

e Insertion of main stream attributes data

e Optional insertion secondary-data packet with ECC
O Audio stream packet

0 CEAS861-E InfoFrame packet

2.2.1 Main Stream to Main Link Lane Mapping in the Source Device

The Main Link must have one, two, or four lanes, with each lane capable of transporting eight bits of data per
link symbol clock (LS_Clk). Main stream data (the uncompressed video stream) must be packed, stuffed,
framed and, optionally, multiplexed with secondary-data and inter-lane skewed before it is handed over to the
PHY layer after the Link Layer data mapping for transport over the main link. The stream data must enter the
link layer at the original stream clock (Strm_Clk) rate and must be delivered to the PHY layer at the LS Clk
rate after this mapping.

Figure 2-8 and Figure 2-9 show the data mapping in Source (uPacket TX) and Sink (uPacket RX) devices,
respectively.
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Figure 2-8: High Level Block Diagram of DP uPacket TX Main Link Data Path

Notes:

a) Logical block diagram. Actual implementation may vary.

b) The ECC and CP encryption blocks are both optional. To support secondary-data packets, ECC is

required.
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Figure 2-9: High Level Block Diagram of DP uPacket RX Main Link Data Path
Notes:
a) Logical block diagram. Actual implementation may vary.

b) The ECC and CP decryption blocks are both optional. To support secondary-data packets, ECC is
required except for the extension secondary packet (section 2.2.5.4).

Main link data mapping shall take place in the following order:
e Main stream data packing, stuffing, and framing

e Optional secondary-data framing and multiplexing

2.2.1.1 Control Symbols for Framing: Default Framing Mode
For framing data, the following nine control symbols must be used:

e BS (Blanking Start): For uPacket RX with a DPCD Revision of 1.2 or higher, the Enhanced Framing
Mode described in the next section (Section 2.2.1.2) must be used when running in SST Mode. An
upstream device interoperating with a downstream device with DPCD Revision of 1.2 or higher must
enable Enhanced Framing Mode. In, the Blanking Start consists of a four symbol sequence on each
lane.

0 Inserted after the last active pixel during the vertical display period.
0 Inserted at the same symbol time during vertical blanking period as during vertical display.

0 This framing symbol must be periodically (every 2" or 8,192 symbols) inserted for active links
with no main video stream data to send. In this condition, the BS symbol is immediately followed
by VB-ID with its NoVideoStream Flag set to 1. (For more information on VB-ID, refer to
Section 2.2.1) This link symbol pattern is referred to as the “Idle Pattern”.
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¢ BE (Blanking End)
0 Inserted immediately before the first active pixel of a line only during the vertical display period
o FS (Fill Start)

O Inserted at the beginning of stuffing symbols in the transfer unit.
Note: Transfer unit is described in Section 2.2.1.4.1.

0 Omitted when there is only one stuffing symbol. In this case, FE (Fill End) is inserted without FS.

0 FS and FE are inserted with no stuffing data symbols in between when there are only two stuffing
symbols.

e FE (Fill End)

0 Inserted at the end of stuffing symbols within transfer unit.
eSS (Secondary-data Start)

0 Inserted at the beginning of secondary-data
e SE (Secondary-data End)

0 Inserted at the end of the secondary-data

e SR (Scrambler Reset): For uPacket RX with a DPCD Revision of 1.2 or higher, the Enhanced
Framing Mode described in the next section (Section 2.2.1.2) must be used when running in SST
Mode. An upstream device interoperating with a downstream device whose DPCD Revision is 1.2 or
higher must enable Enhanced Framing Mode. In Enhanced Framing Mode, the Scrambler Reset
consists of four symbol sequence on each lane.

0 Every 512" BS symbol must be replaced with a SR symbol by a uPacket TX to reset the LESR of
the scrambler.

e CPBS (Content Protection BS): For uPacket RX with a DPCD Revision of 1.2 or higher, the
Enhanced Framing Mode described in the next section (Section 2.2.1.2) must be used when running
in SST Mode. An upstream device interoperating with a downstream device whose DPCD Revision is
1.2 or higher must enable Enhanced Framing Mode. In Enhanced Framing Mode, the Content
Protection BS consists of 4 symbol sequence on each lane.

0 Used by a CP system. Called “CP” symbol in the Enhanced Framing Mode described in Section
2.2.1.2.

o CPSR (Content Protection SR): For uPacket RX with a DPCD Revision of 1.2 or higher, the
Enhanced Framing Mode described in the next section (Section 2.2.1.2) must be used when running
in SST Mode. An upstream device interoperating with a downstream device whose DPCD Revision is
1.2 or higher must enable Enhanced Framing Mode. In Enhanced Framing Mode, the Content
Protection SR consists of 4 symbol sequence on each lane.

0 Used by a CP system. CPSR resets the LFSR of the scrambler just as SR does. Called “BF”
symbol in the Enhanced Framing Mode described in Section 2.2.1.2.

These control symbols must be inserted in all lanes in the same LS_Clk cycle (before they get inter-lane
skewed by 2 LS Clk cycles just before going to the PHY Layer). The link layer must distinguish these control
symbols from data symbols so that the physical layer can properly encode these control symbols using
“special characters”.

For example, the link layer may use the 9" bit to indicate whether the accompanying 8-bit data represents
control symbols or data symbols. There are many ways for the link layer to implement this distinction, the
method used is implementation-specific and beyond the scope of this document.
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2.2.1.2 Control Symbols for Framing: Enhanced Framing Mode

BS, SR, CPBS, and CPSR symbols must be replaced as shown in Table 2-61: in enhanced mode. The
enhanced framing mode is enabled only when both DisplayPort uPacket and uPacket RX support it.

A DisplayPort uPacket RX indicates its support with ENHANCED FRAME CAP bit in the uPacket RX
capability field of DPCD (bit 7 of address 2h). A DisplayPort uPacket TX enables it by writing 1 to
ENHANCED_ FRAME EN bit in the link configuration field of DPCD (bit 7 of address 101h) as described in
Table 2-75. Once enabled, BS, SR, CPBS, and CPSR symbols must be replaced with the four symbol
sequence in Table 2-61: regardless of the lane count of the main link.
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Table 2-1: Control Symbols for Framing

Default Framing Mode Symbols Enhanced Framing Mode Symbols
BS BS + BF + BF + BS
SR SR + BF + BF + SR
CPBS (called CP symbol in Enhanced Framing Mode) BS + CP + CP + BS
CPSR (called BF symbol in Enhanced Framing Mode) SR+ CP+CP+SR
BE BE (no change)
FS FS (no change)
FE FE (no change)
SS SS (no change)
SE SE (no change)

The mapping of these control symbols to ANSI 8B/10B special characters is described in Section 3.

When a DisplayPort uPacket TX operating in Enhanced Framing Mode is transmitting the Idle Pattern, the
uPacket TX must insert the four symbol sequence of BS (or SR) every 2" or 8,192 symbols. In other words,
there must be 8,188 symbols between the last (fourth) symbol of the four symbol sequence for BS (or SR) and
the first symbol of the next four symbol sequence.

In both Default and Enhanced Framing Modes, every 512™ BS (or CPBS) symbol must be replaced with SR
(or CPSR). The last symbol of the four symbol sequence for SR (or CPSR when content protection is
enabled) must be used to reset the scrambler.

When switching between the Idle Pattern transmission and a stream transmission, the Source device must
avoid any overlap of the four symbols for BS, SR, CPBS and CPSR.

A DisplayPort uPacket TX and a DisplayPort uPacket RX with HDCP capability must support the Enhanced
Framing Mode.

2.2.1.3 Main Video Stream Data Packing
The link layer must first steer pixel data in a pixel-within-lane manner as shown in Table 2-2.

Table 2-2: Pixel Steering into Main Link Lanes

Number of Lanes Pixel Steering (N is 0 or positive integer)

4 Pixel 4N to lane 0

Pixel 4N+1 to lane 1
Pixel 4N+2 to lane 2
Pixel 4N+3 to lane 3

2 Pixel 2N to lane 0
Pixel 2N+1 to lane 1
1 All pixels to lane 0

These rules apply regardless of the color space/pixel bit depth of the video stream. As shown in the figure
below, the first set of active partial pixel data of a line must follow the control symbol, BE.
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Lane O Lanel Lane 2 Lane 3

First partial-pixels BE BE BE BE
of Line N
— Pix0 Pix1 Pix2 Pix3

Last partial-pixel

Zero-padded bits

of Line N -
BS BS BS BS
VB-ID VB-ID VB-ID VB-ID
Mvid7:0 | Mvid7:0 | Mvid7:0 | Mvid7:0
Maud Maud Maud Maud Sea of dummy symbols
7:0 7:0 7:0 7:0 (May be substituted
] I i i with audio packet)
First partial-pixels BE BE BE BE
of Line N+1

Pix0 Pix1 Pix2 Pix3

Figure 2-10: Main Video Stream Data Packing Example for a Four Lane Main Link

When there is no audio stream transported, Maud7:0 must be cleared to 00h. When there is no video stream
transported, Mvid7:0 must be set to 00h.

During the last symbol time for a line of pixel data, there may be insufficient pixel data to provide data on all
lanes of the link. The DisplayPort uPacket TX must send zeros for those bits (zero-padded bits).

Immediately following the last symbol period of a line of data the control symbol, BS must be inserted on all
lanes of the link.

The Sink device, knowing the number of active pixels per horizontal line (from the main stream attribute),
must discard zero-padded bits as “don’t care”. The above figure shows that a new line must always start with
pixel 0 on lane 0 following BE.

The BS must be followed on all lanes by VB-ID, Mvid7:0, and Maud7:0.
VESA DisplayPort Standard MEMBER USE ONLY. DISTRIBUTION TO NON-MEMBERS IS PROHIBITED.  Ver.1.2
©Copyright 2007-2010 Video Electronics Standards Association Page 49 of 515



e VB-ID must carry the following information:

0 Whether the main video stream is in the vertical display period or the vertical blanking period.

Whether the main video stream is in the odd field or the even field for interlaced video

(0]
0 Whether the main video stream is interlaced or non-interlaced (progressive)
0]

Whether the BS is inserted while no video stream is being transported. The symbols transmitted
over the Main Link when no video stream is active are shown in Table 2-3.

0 Whether to mute the audio
Table 2-3: VB-ID Bit Definition

VB-ID Bit Bit Name Bit Definition

Bit0 VerticalBlanking Flag This bit must be set to 1 at the end of the last active line of a video frame
and stay 1 during the vertical blanking period.
A Source device may clear this bit in the VB-ID either immediately
prior to the first active line of a video frame (that is, the first BE of a
video frame) or immediately after the first active line (that is, the first
BS ending the first active line of a video frame). A Sink device must be
able to handle either case.
This bit is also set to 1 when there is no video stream (as indicated by bit
3setto1).

Bit 1 FieldID Flag This bit must be set to:
0 right after the last active line in the top field.
1 right after the last active line of the bottom field
Refer to 2.2.4.2 for definitions of the top and bottom fields.
For progressive (non-interlaced) video there is no bottom video and this
bit remains 0.

Bit 2 Interlace Flag This bit must be set to 1 when the main stream is an interlaced video.
For non-interlaced video or no video, this bit must stay 0.

Bit 3 NoVideoStream_ Flag This bit must be set to 1 when preceding BS is inserted while no video
stream is transported. When this bit = 1, the Mvid 7:0 value must be
“don’t care.”
Note: An audio stream may be transported even when no main video
stream is being transported.

Bit4 AudioMute Flag This bit must be set to 1 when the audio is to be muted.

Bit 5 HDCP SYNC DETECT Used by HDCP capable DisplayPort uPacket RXs to detect the CP lock
status.
Refer to HDCP Specification 1.3 — Amendment for DisplayPort

Bits 7:6 RESERVED RESERVED (All 0s)
e Mvid7:0

0 The least significant 8 bits of the time stamp value M for the video stream. When there is no
video stream transported, set to 00h.
The time stamp must be used for stream clock recovery, the subject of which is covered in
Section 2.2.3.

e Maud7:0

0 The least significant 8 bits of the time stamp value M for the audio stream. When there is no
audio stream transported, set to 00h.
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— VB-ID | VB-ID | VB-ID | VB-ID

Mvid Mvid Mvid Mvid
7:0 7:0 7:0 7:0
Maud Maud Maud Maud
7:0 7.0 7.0 7.0

Sea of dummy symbols
(May be substituted
with Secondary-data

packet)

BS BS BS BS

VB-ID | VB-ID | VB-ID | VB-ID
Mvid Mvid Mvid Mvid

7.0 7:0 7:0 7:0
Maud Maud Maud Maud
7:0 7:0 7:0 7:0

(] (] (]
: ' ' '
' ' ' '
' ' ' '
' ] ] ]
' ' ' '
' ' ' '
' ' ' '
' ' ' '
' ' ' '
' ' ' '
' ' ' '
' ' ' '
' ' ' '

Figure 2-11: Link Symbols Over the Main Link without Main Video Stream
Mvid7:0 must be set to 00h. When there is no audio stream transported, Maud7:0 must be set to 00h.

The VB-ID, Mvid7:0 and Maud7:0 must be transported four times, regardless of the number of lanes in the
Main Link as shown in Figure 2-11.

VESA DisplayPort Standard MEMBER USE ONLY. DISTRIBUTION TO NON-MEMBERS IS PROHIBITED.  Ver.1.2
©Copyright 2007-2010 Video Electronics Standards Association Page 51 of 515



BS BS BS BS BS BS BS
VB-ID VB-ID VB-ID VB-ID VB-ID VB-ID VB-ID
Mvid7:0 M_vid7:0 Mvid7:0 M_vid7:0 Mvid7:0 M_vid7:0 Mvid7:0
Maud7:0 Maud7:0 Maud7:0 Maud7:0 Maud7:0 Maud7:0 Maud7:0
VB-ID VB-ID VB-ID
Mvid7:0 Mvid7:0 Mvid7:0
Maud7:0 Maud7:0 Maud7:0
VB-ID
Mvid7:0
4 lane Main Link Maud7:0
VB-ID
2 lane Main Link Mvid7:0
Maud7:0

1 lane Main Link
Figure 2-12: VB-ID, Mvid7:0 and Maud?7:0 Packing Over the Main Link
If there is no audio stream, Maud?7:0 must be set to 00h.

If there is no video stream, Mvid7:0 must be set to 00h.
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Table 2-4 is an example of how a video stream with pixel format of 1366x768 and 30 bits-per-pixel (bpp)
RGB color depth is mapped to a 4-lane Main Link.

Table 2-4: 30bpp RGB (10 Bits/Component) 1366x768 Packing to a 4-Lane Main Link

Lane 0 Lane 1 Lane 2 Lane 3
BE BE BE BE

R0-9:2 R1-9:2 R2-9:2 R3-9:2
R0-1:0/G0-9:4 R1-1:0/G1-9:4 R2-1:0/G2-9:4 R3-1:0/G3-9:4
G0-3:0/B0-9:6 G1-3:0/B1-9:6 G2-3:0/B2-9:6 G3-3:0|B3-9:6
B0-5:0{R4-9:8 B1-5:0|R5-9:8 B2-5:0|R6-9:8 B3-5:0/R7-9:8

R4-7:0 R5-7:0 R6-7:0 R7-7:0

G4-9:2 G5-9:2 G6-9:2 G7-9:2
G4-1:0|B4-9:4 G5-1:0|B5-9:4 G6-1:0|B6-9:4 G7-1:0B7-9:4
B4-3:0/R8-9:6 B5-3:0/R9-9:6 B6-3:0R10-9:6 B7-3:0R11-9:6
R8-5:0/G8-9:8 R9-5:0/G9-9:8 R10-5:0|G10-9:8 R11-5:0|G11-9:8

G8-7:0 G9-7:0 G10-7:0 G11-7:0

B8-9:2 B9-9:2 B10-9:2 B11-9:2
B8-1:0R12-9:4 B9-1:0/R13-9:4 B10-1:0|R14-9:4 B11-1:0]R15-9:4

R12-3:0/G12-9:6

R13-3:0/G13-9:6

R14-3:0/G14-9:6

R15-3:0/G15-9:6

G12-5:0B12-9:8

G13-5:0|B13-9:8

G14-5:0B14-9:8

G15-5:0B15-9:8

B12-7:0

B13-7:0

B14-7:0

B15-7:0

R1360-9:2

R1361-9:2

R1362-9:2

R1363-9:2

R1360-1:0/G1360-9:4

R1361-1:0/G1361-9:4

R1362-1:0/G1362-9:4

R1363-1:0/G1363-9:4

G1360-3:0/B1360-9:6

G1361-3:0/B1361-9:6

G1362-3:0/B1362-9:6

G1363-3:0/B1363-9:6

B1360-5:0[R1364-9:8

B1361-5:0|[R1365-9:8

B1362-5:0 |

B1363-5:0 |

R1364-7:0 R1365-7:0
G1364-9:2 G1365-9:2
G1364-1:0B1364-9:4 | G1365-1:0|B1365-9:4
B1364-3:0 | B1365-3:0 |
BS BS BS BS

VB-ID VB-ID VB-ID VB-ID
Mvid7:0 Mvid7:0 Mvid7:0 Mvid7:0
Maud7:0 Maud7:0 Maud7:0 Maud7:0

Notes:

<-- Start of
Active
Pixel

<-- End of
Active
Pixel

1) One row of data is transmitted per LS Clk cycle. The uPacket TX must send Os for “---" in the above

table.

2) RO0-9:2 =red bits 9:2 of pixel, G = green, B = blue, BS = blanking start, BE = blanking end. VB-ID =
video blanking ID. Mvid7:0 and Maud7:0 are portions of the time stamps for video and audio stream

clocks.

3) Tanned symbols and partial symbols indicate zero-padding.

The following sections show how 24, 18, 30, 36, 48 bit RGB/YCbCr444 pixels, 16, 20, 24, 32 bit YCbCr 4:
2:2 pixels, and 8, 10, 12, 16 bit Y-only pixels are mapped into 4-, 2- and 1-lane Main Links. As can be seen in
Table 2-5 — Table 2-31, when only one lane is enabled of either a 2- or 4-lane DisplayPort device, lane 0
must be enabled. When only two lanes are enabled, lanes 0 and 1 must be enabled.
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2.2.1.3.1 24bpp RGB/YCbhCr 4:4:4 (8 bits per component)

24bpp RGB/YCbCr 4:4:4 stream mapping into a 4-, 2- or 1-lane Main Link is shown in Table 2-5 — Table
2-7. Bit 7 of each color is mapped to bit 7 of each lane, while bit 0 of each color is mapped to bit 0 of each
lane. For YCbCr 4:4:4, replace R with Cr, G with Y, and B with Cb.

Table 2-5: 24bpp RGB to a 4-Lane Main Link Mapping

Lane 0 Lane 1 Lane 2 Lane 3
R0O-7:0 R1-7:0 R2-7:0 R3-7:0
GO0-7:0 G1-7:0 G2-7:0 G3-7:0
B0-7:0 B1-7:0 B2-7:0 B3-7:0
R4-7:0 R5-7:0 R6-7:0 R7-7:0
G4-7:0 G5-7:0 G6-7:0 G7-7:0
B4-7:0 B5-7:0 B6-7:0 B7-7:0
R8-7:0 R9-7:0 R10-7:0 R11-7:0
G8-7:0 G9-7:0 G10-7:0 G11-7:0
B8-7:0 B9-7:0 B10-7:0 B11-7:0

Table 2-6: 24bpp RGB Ma

ping to a 2-Lane Main Link

Lane 0 Lane 1
R0O-7:0 R1-7:0
G0-7:0 G1-7:0
B0-7:0 B1-7:0
R2-7:0 R3-7:0
G2-7:0 G3-7:0
B2-7:0 B3-7:0
R4-7:0 R5-7:0
G4-7:0 G5-7:0
B4-7:0 B5-7:0

Table 2-7: 24bpp RGB Mapping to a 1-Lane Main Link

Lane 0

RO-7:0

G0-7:0

B0-7:0

R1-7:0

G1-7:0

B1-7:0

R2-7:0

G2-7:0

B2-7:0

R3-7:0

G3-7:0

B3-7:0
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2.2.1.3.2 18bpp RGB (6 Bits per Component)

Table 2-8 — Table 2-10 show an 18bpp RGB stream mapping into onto 4-, 2- and 1-lane main links. Bit 5 of
RO is mapped to bit 7 of lane 0 while bit 4 of GO is mapped to bit 0 of lane 0.

Table 2-8: 18bpp RGB Mapping to a 4-Lane Main Link

Lane 0 Lane 1 Lane 2 Lane 3
R0-5:0/G0-5:4 R1-5:0/G1-5:4 R2-5:0/G2-5:4 R3-5:0/G3-5:4
G0-3:0/B0-5:2 G1-3:0B1-5:2 G2-3:0/B2-5:2 G3-3:0/B3-5:2
B0-1:0|R4-5:0 B1-1:0]R5-5:0 B2-1:0|R6-5:0 B3-1:0]R7-5:0
G4-5:0B4-5:4 G5-5:0|B5-5:4 G6-5:0B6-5:4 G7-5:0B7-5:4
B4-3:0/R8-5:2 B5-3:0/R9-5:2 B6-3:0/R10-5:2 B7-3:0R11-5:2
R8-1:0/G8-5:0 R9-1:0/G9-5:0 R10-1:0]G10-5:0 R11-1:0|G11-5:0
B8-5:0|R12-5:4 B9-5:0|R13-5:4 B10-5:0|R14-5:4 B11-5:0|R15-5:4

R12-3:0|G12-5:2 R13-3:0/G13-5:2 R14-3:0/G14-5:2 R15-3:0|G15-5:2
G12-1:0/B12-5:0 G13-1:0/B13-5:0 G14-1:0/B14-5:0 G15-1:0/B15-5:0

VESA DisplayPort Standard MEMBER USE ONLY. DISTRIBUTION TO NON-MEMBERS IS PROHIBITED.

Table 2-9: 18bpp RGB Mapping to a 2-Lane Main Link

Lane 0 Lane 1
R0-5:0/G0-5:4 R1-5:0|G1-5:4
G0-3:0/B0-5:2 G1-3:0|B1-5:2
B0-1:0[R2-5:0 B1-1:0|R3-5:0
G2-5:0|B2-5:4 G3-5:0B3-5:4
B2-3:0|R4-5:2 B3-3:0|R5-5:2
R4-1:0/G4-5:0 R5-1:0/G5-5:0
B4-5:0/R6-5:4 B5-5:0|R7-5:4
R6-3:0/G6-5:2 R7-3:0|G7-5:2
G6-1:0/B6-5:0 G7-1:0|B7-5:0

Table 2-10: 18bpp RGB Mapping to a 1-Lane Main Link

Lane 0

R0-5:0/G0-5:4

G0-3:0[B0-5:2

B0-1:0/R1-5:0

G1-5:0B1-5:4

B1-3:0/R2-5:2

R2-1:0/G2-5:0

B2-5:0[R3-5:4

R3-3:0/G3-5:2

G3-1:0[B3-5:0

©Copyright 2007-2010 Video Electronics Standards Association

Ver.1.2
Page 55 of 515



2.2.1.3.3 30bpp RGB/YCbCr 4:4:4 (10 Bits per Component)

Table 2-11 — Table 2-13 show 30bpp RGB/YCbCr 4.4.4 stream mapping into 4-, 2- and 1-lane main links. For
YCbCr 4:4:4, replace R with Cr, G with Y, and B with Cb.

Table 2-11: 30bpp RGB Mapping to a 4-Lane Main Link

Lane 0 Lane 1 Lane 2 Lane 3
R0-9:2 R1-9:2 R2-9:2 R3-9:2
R0-1:0/G0-9:4 R1-1:0/G1-9:4 R2-1:0/G2-9:4 R3-1:0/G3-9:4
G0-3:0/B0-9:6 G1-3:0B1-9:6 G2-3:0B2-9:6 G3-3:0/B3-9:6
B0-5:0/R4-9:8 B1-5:0/R5-9:8 B2-5:0/R6-9:8 B3-5:0/R7-9:8
R4-7:0 R5-7:0 R6-7:0 R7-7:0
G4-9:2 G5-9:2 G6-9:2 G7-9:2
G4-1:0B4-9:4 G5-1:0|B5-9:4 G6-1:0B6-9:4 G7-1:0B7-9:4
B4-3:0|R8-9:6 B5-3:0/R9-9:6 B6-3:0[R10-9:6 B7-3:0[R11-9:6
R8-5:0/G8-9:8 R9-5:0/G9-9:8 R10-5:0/G10-9:8 R11-5:0/G11-9:8
G8-7:0 G9-7:0 G10-7:0 G11-7:0
B8-9:2 B9-9:2 B10-9:2 B11-9:2
B8-1:0/R12-9:4 B9-1:0R13-9:4 B10-1:0|R14-9:4 B11-1:0|R15-9:4
R12-3:0/G12-9:6 R13-3:0/G13-9:6 R14-3:0/G14-9:6 R15-3:0/G15-9:6
G12-5:0/B12-9:8 G13-5:0/B13-9:8 G14-5:0/B14-9:8 G15-5:0/B15-9:8
B12-7:0 B13-7:0 B14-7:0 B15-7:0

Table 2-12: 30bpp RGB Mapping to a 2-Lane Main Link

Lane 0 Lane 1
R0-9:2 R1-9:2
R0-1:0/G0-9:4 R1-1:0/G1-9:4
G0-3:0/B0-9:6 G1-3:0B1-9:6
B0-5:0/R2-9:8 B1-5:0[R3-9:8
R2-7:0 R3-7:0
G2-9:2 G3-9:2
G2-1:0|B2-9:4 G3-1:0B3-9:4
B2-3:0/R4-9:6 B3-3:0[R5-9:6
R4-5:0/G4-9:8 R5-5:0/G5-9:8
G4-7:0 G5-7:0
B4-9:2 B5-9:2
B4-1:0/R6-9:4 B5-1:0R7-9:4
R6-3:0|/G6-9:6 R7-3:0|G7-9:6
G6-5:0|B6-9:8 G7-5:0|B7-9:8
B6-7:0 B7-7:0
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Table 2-13: 30bpp RGB Mapping to a 1-Lane Main Link

Lane 0

R0-9:2

R0-1:0/G0-9:4

G0-3:0/B0-9:6

B0-5:0|R1-9:8

R1-7:0

G1-9:2

G1-1:0/B1-9:4

B1-3:0/R2-9:6

R2-5:0/G2-9:8

G2-7:0

B2-9:2

B2-1:0[R3-9:4

R3-3:0/G3-9:6

G3-5:0B3-9:8

B3-7:0

2.2.1.3.4 36bpp RGB/YCDOCr 4.4.4 (12 Bits per Component)

Table 2-14 — Table 2-16 show 36bpp RGB/YCbCr4:4:4 stream mapping into 4-, 2- and 1-lane main links.
For YCbCr 4:4:4, replace R with Cr, G with Y, and B with Cb.

Table 2-14: 36bpp RGB Ma

ping to a 4-Lane Main Link

Lane 0 Lane 1 Lane 2 Lane 3
RO-11:4 R1-11:4 R2-11:4 R3-11:4
R0-3:0/G0-11:8 R1-3:0|G1-11:8 R2-3:0/G2-11:8 R3-3:0/G3-11:8
GO0-7:0 G1-7:0 G2-7:0 G3-7:0]
BO-11:4 Bl1-11:4 B2-11:4 B3-11:4
B0-3:0/R4-11:8 B1-3:0/R5-11:8 B2-3:0/R6-11:8 B3-3:0R7-11:8
R4-7:0 R5-7:0 R6-7:0 R7-7:0
G4-11:4 G5-11:4 G6-11:4 G7-11:4
G4-3:0/B4-11:8 G5-3:0|B5-11:8 G6-3:0/B6-11:8 G7-3:0|B7-11:8
B4-7:0 B5-7:0 B6-7:0 B7-7:0
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Table 2-15: 36bpp RGB Mapping to a 2-Lane Main Link

Lane 0 Lane 1
RO-11:4 R1-11:4
R0O-3:0/GO-11:8 R1-3:0/G1-11:8
G0-7:0 G1-7:0
BO-11:4 B1-11:4
B0-3:0/R2-11:8 B1-3:0|R3-11:8
R2-7:0 R3-7:0
G2-11:4 G3-11:4
G2-3:0B2-11:8 G3-3:0|B3-11:8
B2-7:0 B3-7:0

Table 2-16: 36bpp RGB Mapping to a 1-Lane Main Link

Lane 0

RO-11:4
R0-3:0/GO-11:8
G0-7:0
BO-11:4
B0-3:0|R1-11:8
R1-7:0
Gl1-11:4
G1-3:0B1-11:8
B1-7:0
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2.2.1.3.5 48bpp RGB/YCDOCr 4.4.4 (16 Bits per Component)

Table 2-17 — Table 2-19 show 48bpp RGB/YCbCr 4.4.4 stream mapping into 4-, 2- and 1-lane main links. For

YCbCr 4:4:4, replace R with Cr, G with Y, and B with Cb.
Table 2-17: 48bpp RGB Mapping to a 4-Lane Main Link

Lane 0 Lane 1 Lane 2 Lane 3
RO-15:8 R1-15:8 R2-15:8 R3-15:8
RO-7:0 R1-7:0 R2-7:0 R3-7:0
G0-15:8 G1-15:8 G2-15:8 G3-15:8
GO0-7:0 G1-7:0 G2-7:0 G3-7:0
B0-15:8 B1-15:8 B2-15:8 B3-15:8
B0-7:0 B1-7:0 B2-7:0 B3-7:0
R4-15:8 R5-15:8 R6-15:8 R7-15:8
R4-7:0 R5-7:0 R6-7:0 R7-7:0
G4-15:8 G5-15:8 G6-15:8 G7-15:8
G4-7:0 G5-7:0 G6-7:0 G7-7:0
B4-15:8 B5-15:8 B6-15:8 B7-15:8
B4-7:0 B5-7:0 B6-7:0 B7-7:0
Table 2-18: 48bpp RGB Mapping to a 2-Lane Main Link

Lane 0 Lane 1

RO-15:8 R1-15:8

R0O-7:0 R1-7:0

G0-15:8 G1-15:8

G0-7:0 G1-7:0

B0-15:8 B1-15:8

B0-7:0 B1-7:0

R2-15:8 R3-15:8

R2-7:0 R3-7:0

G2-15:8 G3-15:8

G2-7:0 G3-7:0

B2-15:8 B3-15:8

B2-7:0 B3-7:0
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Table 2-19: 48bpp RGB Mapping to a 1-Lane Main Link

Lane 0

RO-15:8
RO-7:0
GO0-15:8
G0-7:0
B0-15:8
B0-7:0
R1-15:8
R1-7:0
G1-15:8
G1-7:0
B1-15:8
B1-7:0

2.2.1.3.6 16bpp YCbCr 42, (8 Bits per Component)
Table 2-20 — Table 2-22 show 16bpp YCbCr 4., stream mapping into 4-, 2- and 1-lane main links.

Table 2-20: 16bpp YCbCr 4.,., Mapping to a 4-Lane Main Link

Lane 0 Lane 1 Lane 2 Lane 3
Cb0-7:0 Cr0-7:0 Cb2-7:0 Cr2-7:0
Y0-7:0 Y1-7:0 Y2-7:0 Y3-7:0
Cb4-7:0 Cr4-7:0 Cb6-7:0 Cr6-7:0
Y4-7:0 Y5-7:0 Y6-7:0 Y7-7:0
Cb8-7:0 Cr8-7:0 Cb10-7:0 Crl10-7:0
Y8-7:0 Y9-7:0 Y10-7:0 Y11-7:0

Table 2-21: 16bpp YCbCr 4., Mapping to a 2-Lane Main Link

Lane 0 Lane 1
Cb0-7:0 Cr0-7:0
Y0-7:0 Y1-7:0
Cb2-7:0 Cr2-7:0
Y2-7:0 Y3-7:0
Cb4-7:0 Cr4-7:0
Y4-7:0 YS5-7:0
Cb6-7:0 Cr6-7:0
Y6-7:0 Y7-7:0
Cb8-7:0 Cr8-7:0
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Y8-7:0 Y9-7:0
Cb10-7:0 Crl10-7:0
Y10-7:0 Y11-7:0

Table 2-22: 16bpp YCbCr 4., Mapping to a 1-Lane Main Link

Lane 0

Cb0-7:0
YO0-7:0
Cr0-7:0
Y1-7:0
Cb2-7:0
Y2-7:0
Cr2-7:0
Y3-7:0
Cb4-7:0
Y4-7:0
Cr4-7:0
Y5-7:0

2.2.1.3.7 20bpp YCDbCr 42, (10 Bits Per Component)
Table 2-23 — Table 2-25 show a 20bpp YCbCr 4:2:2 stream mapping into 4-, 2- and 1-lane main links.

Table 2-23: 20bpp YCbCr 4.,., Mapping to a 4-Lane Main Link

Lane 0 Lane 1 Lane 2 Lane 3
Cb0-9:2 Cr0-9:2 Cb2-9:2 Cb2-9:2
Cb0-1:0[Y0-9:4 Cr0-1:0]Y1-9:4 Cb2-1:0[Y2-9:4 Cb2-1:0/Y3-9:4
Y0-3:0/Cb4-9:6 Y1-3:0/Cr4-9:6 Y2-3:0|Cb6-9:6 Y3-3:0|Cr6-9:6
Cb4-5:0[Y4-9:8 Cr4-5:0/Y5-9:8 Cb6-5:0/Y6-9:8 Cr6-5:0/Y7-9:8
Y4-7:0 Y5-7:0 Y6-7:0 Y7-7:0
Cb8-9:2 Cr8-9:2 Cb10-9:2 Cr10-9:2
Cb8-1:0/Y8-9:4 Cr8-1:0/Y9-9:4 Cb10-1:0/Y10-9:4 Cr10-1:0/Y11-9:4
Y8-3:0/Cb12-9:6 Y9-3:0|/Cr12-9:6 Y10-3:0/Cb14-9:6 Y11-3:0/Cr14-9:6
Cb12-5:0[Y12-9:8 Cr12-5:0[Y13-9:8 Cb14-5:0Y114-9:8 Cr14-5:0[Y15-9:8
Y12-7:0 Y13-7:0 Y14-7:0 Y15-7:0
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Table 2-24: 20bpp YCbCr 4., Mapping to a 2-Lane Main Link

Lane 0 Lane 1
Cb0-9:2 Cr0-9:2
Cb0-1:0]Y0-9:4 Cr2-1:0|Y1-9:4
Y0-3:0/Cb2-9:6 Y1-3:0/Cr2-9:6
Cb2-5:01Y2-9:8 Cr2-5:0[Y3-9:8
Y2-7:0 Y3-7:0
Cb4-9:2 Cr4-9:2
Cb4-1:01Y4-9:4 Cr4-1:0[Y5-9:4
Y4-3:0|Cb6-9:6 Y5-3:0|Cr6-9:6
Cb4-5:0[Y6-9:8 Cr6-5:01Y7-9:8
Y6-7:0 Y7-7:0

Table 2-25: 20bpp YCbCr 4.2, Mapping to a One Lane Main Link

Lane 0

Cb0-9:2

Cb0-1:0[Y0-9:4

Y0-3:0|Cr0-9:6

Cr0-5:0[Y1-9:8

Y1-7:0

Cb2-9:2

Cb2-1:01Y2-9:4

Y2-3:0|Cr2-9:6

Cr2-5:01Y3-9:8

Y3-7:0

2.2.1.3.8 24bpp YCbCr 42, (12 Bits per Component)
Table 2-26 — Table 2-28 shows 24bpp YCbCr 4.5, stream mapping into 4-, 2- and 1-lane main links.

Table 2-26: 24bpp YCbCr 4., Mapping to a 4-Lane Main Link

Lane 0 Lane 1 Lane 2 Lane 3
Cb0-11:4 Cr0-11:4 Cb2-11:4 Cr2-11:4
Cb0-3:0[Y0-11:8 Cr0-3:0[Y1-11:8 Cb2-3:0[Y2-11:8 Cr2-3:0[Y3-11:8
YO0-7:0 Y1-7:0 Y2-7:0 Y3-7:0
Cb4-11:4 Cr4-11:4 Cbo6-11:4 Cr6-11:4
Cb4-3:0[Y4-11:8 Cr4-3:0]Y5-11:8 Cb63:0/Y6-11:8 Cr6-3:0[Y7-11:8
Y4-7:0 Y5-7:0 Y6-7:0 Y7-7:0
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Table 2-27: 24bpp YCbCr 4.,., Mapping to a 2-Lane Main Link

Lane 0 Lane 1
Cb0-11:4 Cr0-11:4
Cb0-3:0]Y0-11:8 Cr0-3:0[Y1-11:8
Y0-7:0 Y1-7:0
Cb2-11:4 Cr2-11:4
Cb2-3:0]Y2-11:8 Cr2-3:0]Y3-11:8
Y2-7:0 Y3-7:0

Table 2-28: 24bpp YCbCr 4., Mapping to a 1-Lane Main Link

Lane 0

Cb0-11:4

Cb0-3:0[Y0-11:8

YO0-7:0

Cr0-11:4

Cr0-3:0[Y1-11:8

Y1-7:0

2.2.1.3.9 32bpp YCbCr4:2:2 (16 Bits per Component)
Table 2-29 — Table 2-31 show 32bpp YCDbCr 4., stream mapping into 4-, 2- and 1-lane main links.

Table 2-29: 32bpp YCbCr 4:2:2 Mapping to a 4-Lane Main Link

Lane 0 Lane 1 Lane 2 Lane 3
Cb0-15:8 Cr0-15:8 Cb2-15:8 Cr2-15:8
Cb0-7:0 Cr0-7:0 Cb2-7:0 Cr2-7:0
Y0-15:8 Y1-15:8 Y2-15:8 Y3-15:8
Y0-7:0 Y1-7:0 Y2-7:0 Y3-7:0
Cb4-15:8 Cr4-15:8 Cb6-15:8 Cr6-15:8
Cb4-7:0 Cr4-7:0 Cb6-7:0 Cr6-7:0
Y4-15:8 Y5-15:8 Y6-15:8 Y7-15:8
Y4-7:0 Y5-7:0 Y6-7:0 Y7-7:0
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Table 2-30: 32bpp YCbCr 4.,., Mapping to a 2-Lane Main Link

Lane 0 Lane 1
Cb0-15:8 Cr0-15:8
Cb0-7:0 Cr0-7:0
Y0-15:8 Y1-15:8

Y0-7:0 Y1-7:0
Cb2-15:8 Cr2-15:8
Cb2-7:0 Cr2-7:0
Y2-15:8 Y3-15:8

Y2-7:0 Y3-7:0

Table 2-31: 32bpp YCbCr 4., Mapping to a 1-Lane Main Link

Lane 0

Cb0-15:8

Cb0-7:0

YO0-15:8

YO0-7:0

Cr0-15:8

Cr0-7:0

Y1-15:8

Y1-7:0

Cb2-15:8

Cb2-7:0

Y2-15:8

Y2-7:0

Cr2-15:8

Cr2-7:0

Y3-15:8

Y3-7:0

2.2.1.3.10 8bpp Y-only

8bpp Y-only stream mapping into a 4-, 2- or 1-lane Main Link is shown in Table 2-32 — Table 2-34. Bit 7 of
each color is mapped to bit 7 of each lane, while bit 0 of each color is mapped to bit 0 of each lane.

Table 2-32: 8bpp Y-only to a 4-Lane Main Link Mapping

Lane 0 Lane 1 Lane 2 Lane 3
Y0-7:0 Y1-7:0 Y2-7:0 Y3-7:0
Y4-7:0 Y5-7:0 Y6-7:0 Y7-7:0
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Table 2-33: 8bpp Y-only Mapping to a 2-Lane Main Link

Lane 0 Lane 1
Y0-7:0 Y1-7:0
Y2-7:0 Y3-7:0
Y4-7:0 Y5-7:0
Y6-7:0 Y7-7:0

Table 2-34: 8bpp Y-only Mapping to a 1-Lane Main Link

Lane 0

YO0-7:0

Y1-7:0

Y2-7:0

Y3-7:0

2.2.1.3.11 10bpp Y-only
Table 2-35 — Table 2-37 show 10bpp Y-only stream mapping into 4-, 2- and 1-lane main links.

Table 2-35: 10bpp Y-only Mapping to a 4-Lane Main Link

Lane 0 Lane 1 Lane 2 Lane 3
Y0-9:2 Y1-9:2 Y2-9:2 Y3-9:2
YO0-1:0[Y4-9:4 Y1-1:0[Y5-9:4 Y2-1:0Y6-9:4 Y3-1:0Y7-9:4
Y4-3:0[Y8-9:6 Y5-3:0[Y9-9:6 Y6-3:0[Y10-9:6 Y7-3:0[Y11-9:6
Y8-5:0[Y12-9:8 Y9-5:01Y13-9:8 Y10-5:0[Y14-9:8 Y11-5:0[Y15-9:8
Y12-7:0 Y13-7:0 Y14-7:0 Y15-7:0
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Table 2-37: 10b

2.2.1.3.12 12bpp Y-only

pp Y-only Mapping to a 1-Lane Main Link

Lane 0

Y0-9:2

Y0-1:0Y1-9:4

Y1-3:0[Y2-9:6

Y2-5:0Y3-9:8

Y3-7:0

Table 2-38 — Table 2-40 show 12bpp Y-only stream mapping into 4-, 2- and 1-lane main links.

Table 2-38: 12bpp Y-only Mapping to a 4-lane Main Link

Lane 0 Lane 1 Lane 2 Lane 3
YO0-11:4 Y1-11:4 Y2-11:4 Y3-11:4
Y0-3:0[Y4-11:8 Y1-3:01Y5-11:8 Y2-3:0/Y6-11:8 Y3-3:01Y7-11:8
Y4-7:0 Y5-7:0 Y6-7:0 Y7-7:0|

Table 2-39: 12bpp Y-only Mapping to a 2-Lane Main Link

Table 2-40: 12b

2.2.1.3.13 16bpp Y-only

Lane 0 Lane 1
YO0-11:4 Y1-11:4
YO0-3:0[Y2-11:8 Y1-3:0Y3-11:8
Y2-7:0 Y3-7:0

pp Y-only Mapping to a 1-Lane Main Link

Lane 0

YO0-11:4

Y0-3:0[Y1-11:8

YI1-7:0

Table 2-41 — Table 2-43 show 16bpp Y-only stream mapping into 4-, 2- and 1-lane main links.

Table 2-41: 16bpp Y-only Mapping to a 4-Lane Main Link

Lane 0 Lane 1 Lane 2 Lane 3
YO0-15:8 Y1-15:8 Y2-15:8 Y3-15:8
YO0-7:0 Y1-7:0 Y2-7:0 Y3-7:0
Y4-15:8 Y5-15:8 Y6-15:8 Y7-15:8
Y4-7:0 Y5-7:0 Y6-7:0 Y7-7:0
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Table 2-42: 16bpp Y-only Mapping to a 2-Lane Main Link

Lane 0 Lane 1
Y0-15:8 Y1-15:8
YO0-7:0 Y1-7:0
Y2-15:8 Y3-15:8
Y2-7:0 Y3-7:0

Table 2-43: 16bpp Y-only Mapping to a 1-Lane Main Link
Lane 0

Y0-15:8
YO0-7:0
Y1-15:8
Y1-7:0

2.2.1.4 Symbol Stuffing and Transfer Unit

To avoid the oversubscription of the link bandwidth, the packed data rate must be equal to or lower than the
link symbol rate. When the packed data rate is lower than the link symbol rate, the link layer must perform
symbol stuffing. Stuffing symbols (both stuffing frame symbols and dummy data symbols) must be inserted
in all lanes in the same LS Clk cycle before inter-lane skewing. The dummy data symbols must be all 00h
before scrambling. The dummy data symbols are inserted both between FS and FE, and between BS and BE.

The way symbols are stuffed must be different between active video period and blanking period.
e During the active video period:

0 Stuffing symbols must be framed with control symbols FS & FE within Transfer Unit (TU) as
shown in Figure 2-13. (TU is described with an example in Section 2.2.1.4.1.) All symbols
between FS and FE must be stuffing dummy data symbols, while all the symbols in the TU before
FS must be valid data symbols.

FS and FE must be inserted in all lanes in the same LS Clk cycle.
When there is only one symbol to stuff, FE must be used and FS is omitted.

Transfer unit size must be 32 to 64 link symbols per lane.

O O O O

The last TU of a horizontal video line must end with BS and must not end with a FS/FE insertion.
. During the blanking period:

0 All non-control symbols between the first BS of the blanking period and the first BE of the active
video period are dummy stuffing data symbols (except for VB-ID, Mvid7:0, and Maud7:0). These
dummy data symbols may be substituted with secondary-data packets. Note: BS is inserted at the
same symbol time during vertical blanking period as during the active video period, as stated in
Sections 2.2.1.1 and 2.2.1.2.

0 During vertical blanking period, BS is transmitted on each lane followed by VB-ID, Mvid7:0 and
Maud?7:0. All the rest of the symbols between the BS at the beginning of vertical blanking
interval and the BE at the end of the vertical blanking interval are dummy symbols that may be
substituted with secondary-data packets.
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Lane 0 Lane 1 Lane 2 Lane 3 Lane 0 Lane 1 Lane 0

A
K2
)
'g Valid Valid Valid Valid Valid Valid Valid
(I>f Data Data Data Data Data Data Data
v Symbols | Symbols | Symbols | Symbols Symbols | Symbols Symbols
c
£
<
©
e] FS FS FS FS FS FS FS
o Stuff Data | Stuff Data | Stuff Data | Stuff Data Stuff Data | Stuff Data Stuff Data
© Symbols | Symbols | Symbols | Symbols Symbols | Symbols Symbols

v FE FE FE FE FE FE FE

4 lane Main Link 2 lane Main Link 1 lane Main Link

Figure 2-13: Transfer Unit

The transfer unit (TU) size must be in the range of 32 to 64 link symbols per lane. The DisplayPort Source
device must fix the TU size for a given video timing format.

The first pixel data of the horizontal active display line, immediately after BE, must be placed as the first
valid data symbols of the first TU of a line. The partial pixel data of Pixel 0 must always be placed on Lane 0.

TU may end at a partial pixel boundary. For example, a part of the blue data of a pixel may be transported in
one TU while the rest of the blue data for that pixel is transported in the next TU. The ratio of the valid
symbol to stuffing symbol is determined by the ratio between the packed data stream rate and the link symbol
rate. Depending on the packed stream rate relative to link symbol rate, a certain number of valid symbols will
accumulate every “TU-size” link symbol clock cycles. The DisplayPort uPacket TX within the Source device
will transmit those valid symbols over the Main Link while the next accumulation starts. This process will
repeat until the end of a video line is reached, which is marked by the insertion of BS symbol on all the lanes.

Using the above stuffing method, the number of valid data symbols per TU per lane (except for the last TU of
a line which may be cut because of the end of active pixel) will be approximated with the following equation:

# of valid data symbols per lane = packed data rate/link symbol rate * TU size

The last TU at the end of the horizontal active display period may (or is likely to) have fewer valid data
symbols than that obtained from the above equation. The DisplayPort uPacket RX must discard all the data
symbols after BS (except for VB-ID, Mvid7:0, and Maud7:0) as well as those “zero-padded bits” at the end of
the horizontal active display period.

2.2.1.4.1 Transfer Unit Example (Informative)

Table 2-44 shows an example of transfer unit for a 1366x768, 30bpp RGB video stream (Strm_Clk = 80MHz)
transported over a 4-lane Main Link running at 2.7Gbps (or 270 Msymbols per second per lane). The TU size
is fixed to 64 link symbols per lane in this example.

The number of valid symbols within the transfer unit is calculated as follows:
Stream: 30bpp, 80MHz —> Packed data rate over 4 lanes = 75 Msymbols / second / lane
Average valid symbols per TU = 75M / 270M * 64 =17.8

The number of valid data symbols per TU will naturally alternate, and over time, the average number will
come to the appropriate non-integer value calculated from the above equation.

VESA DisplayPort Standard MEMBER USE ONLY. DISTRIBUTION TO NON-MEMBERS IS PROHIBITED.  Ver.1.2
©Copyright 2007-2010 Video Electronics Standards Association Page 68 of 515



Table 2-44: Transfer Unit of 30bpp RGB Video Over a 2.7Gbps per Lane Main Link

Lane 0 Lane 1 Lane 2 Lane 3
BE BE BE BE

R0-9:2 R1-9:2 R2-9:2 R3-9:2
R0-1:0/G0-9:4 R1-1:0/G1-9:4 R2-1:0/G2-9:4 R3-1:0/G3-9:4
G0-3:0/B0-9:6 G1-3:0|B1-9:6 G2-3:0/B2-9:6 G3-3:0|B3-9:6
B0-5:0/R4-9:8 B1-5:0|R5-9:8 B2-5:0/R6-9:8 B3-5:0|R7-9:8

R4-7:0 R5-7:0 R6-7:0 R7-7:0

G4-9:2 G5-9:2 G6-9:2 G7-9:2
G4-1:0|B4-9:4 G5-1:0B5-9:4 G6-1:0B6-9:4 G7-1:0B7-9:4
B4-3:0|R8-9:6 B5-3:0[R9-9:6 B6-3:0|R10-9:6 B7-3:0R11-9:6
R8-5:0/G8-9:8 R9-5:0/G9-9:8 R10-5:0/G10-9:8 R11-5:0/G11-9:8

G8-7:0 G9-7:0 G10-7:0 G11-7:0

B8-9:2 B9-9:2 B10-9:2 B11-9:2
B8-1:0R12-9:4 B9-1:0R13-9:4 B10-1:0|R14-9:4 B11-1:0|R15-9:4

R12-3:0/G12-9:6

R13-3:0/G13-9:6

R14-3:0/G14-9:6

R15-3:0/G15-9:6

G12-5:0B12-9:8

G13-5:0B13-9:8

G14-5:0[B14-9:8

G15-5:0[B15-9:8

B12-7:0

B13-7:0

B14-7:0

B15-7:0

R16-9:2

R17-9:2

R18-9:2

R19-9:2

R16-1:0/G16-9:4

R17-1:0/G17-9:4

R18-1:0/G18-9:4

R19-1:0/G19-9:4

G16-3:0/B16-9:6

G17-3:0[B17-9:6

G18-3:0/B18-9:6

G19-3:0/B19-9:6

FS FS FS FS
Dummy Data Symbols (44 x 4)
FE FE FE FE
B16-5:0/[R20-9:8 B17-5:0/R21-9:8 B18-5:0/R22-9:8 B19-5:0/R23-9:8
R20-7:0 R21-7:0 R22-7:0 R23-7:0

Note: The pixel rate in this example is 80Mpixels per sec. The Main Link bit rate is 2.7Gbps per lane. The
first TU of a line is marked by the blue arrow to the right of the table.

As can be seen in the above example, the valid data in a transfer unit may end at non-pixel boundary.
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2.2.1.5 Main Stream Attribute/Secondary-Data Packet Insertion

The dummy stuffing data symbols during the video blanking periods (both vertical and horizontal) may be
substituted either with main stream attributes data or a secondary-data packet. Both must be framed with SS
and SE control symbols as shown in Figure 2-14.

Lane O Lane 1l Lane 2 Lane 3

BS BS BS BS
VB-ID VB-ID VB-ID VB-ID
Mvid7:0 | Mvid7:0 | Mvid7:0 | Mvid7:0
Maud Maud Maud Maud

7:0 7:0 7:0 7:0
' ' ' ' Sea of dummy symbols
| | | la '

SS SS SS SS

Secondary-data .
Packet Zero-padded bits

SE SE SE SE

! ! | ) Sea of dummy symbols
| | | |l

First partial-pixels BE BE BE BE
of Line N+1

Pix0 Pix1 Pix2 Pix3
] ] ] ]
] ] ] ]
] ] ] ]
] ] ] ]
] ] ] ]
] ] ] ]
] ] ] ]
1 1 1 1

Figure 2-14: Secondary-Data Insertion
Secondary-data packets are used, for example, for the following purposes:

e CEAS861-E InfoFrame packet
e Audio stream packet
e Audio_TimeStamp Packet
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Main stream attribute data must be protected via redundancy. The redundancy must be further enhanced via
inter-lane skewing as described in the next section. Secondary-data packets must be protected via ECC (error
correcting code) based on Reed Solomon code as described in Section 2.2.6.

2.2.1.6 Inter-lane Skewing

After inserting the Main Link attributes data (and optionally, secondary-data packet), the DisplayPort uPacket
TX must insert a skew of two LS _Clk cycles between adjacent lanes. Figure 2-15 shows how the symbols
must be transported after this inter-lane skewing. All the symbols, both those transmitted during video display
period and those transmitted during video blanking period, are skewed by two LS Clk period between
adjacent lanes.

Lane O Lane 1 Lane 2 Lane 3

' ' '
First partial-pixels BE ] : :
of Line N [} ' '
—» Pix0 : ' '
[} [} Dummy data symbols
: BE | | <« —
|
] Pix1 1
! ]
: 1 BE 1
] .
: : Pix2
: : ' BE
]
' ' | Pix3
] ] '
] ] !
' ! : !
Last partial-pixel 1 i [}
of Line N | ' :
: ! ' Pixel data symbols
BS ! ] and Fill symbols
] i -
VB-ID : ]
]
Mvid7:0 | BS ! 0
|
Maud | g p '
7:0 1
| Mvid7:0 | BS '
] .
Zero-padded bits
Mf_gd VB-ID - oP !
First partial-pixels BE : Mvid7:0 BS
of Line N+1
| Pixo Mad | ve-p
' BE 1 Mvid7:0
| |
: Pixl M;gd
] ] BE 1
) | !
] ] Pix2
| |
: ] 1 BE
[ ] -

Figure 2-15: Inter-lane Skewing

The purpose of the inter-lane skewing is to increase the immunity of the link against external noise. Without
inter-lane skewing an external impulse may, for example, corrupt the Mvid7:0 symbols on all lanes. Inter-lane
skewing reduces the possibility of such a corruption.

2.2.2 Stream Reconstruction in the Sink

The stream reconstruction by the link layer in the uPacket RX must be a mirror image of what takes place
within the uPacket TX. The following actions must be taken by the uPacket RX:

e Inter-lane de-skewing
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0 Must remove the two LS Clk skewing among adjacent lanes inserted by the uPacket TX
e Error correction

0 All the values of DisplayPort main stream attributes except for time stamp value M must stay
constant. Therefore, the DisplayPort uPacket RX must filter out any intermittent data corruption
by comparing with the previous values.

0 As for the time stamp values Mvid/Maud and VB-ID, “majority voting” must be used to
determine the value.

e Secondary-data packet de-multiplexing

0 Secondary-data must be de-multiplexed using SS and SE as the separator.
The DisplayPort uPacket RX must perform Reed-Solomon (15:13) (RS (15:13)) decoding upon
extracting the secondary-data packet.

e Symbol un-stuffing
0 Remove stuffing symbols.
e Data unpacking

0 Data unpacking must take place to reconstruct pixel data from data characters transported over
the main link. Unpacking is dependent on the pixel data color depth and format (as described in
Section 2.2.1.3).

e Stream clock recovery

0 Stream clock recovery is covered in the next section.

2.2.3 Stream Clock Recovery

This section describes the details of original stream clock recovery from the Main Link in the Sink device.
The following equations conceptually explain how the Stream clock (Strm_Clk) must be derived from the
Link Symbol clock (LS Clk) using the Time Stamps, M and N:

e f Strm Clk=M/N *{ LS CIk, where
0 N = Reference pulse period /t LS Clk
0 M =Feedback pulse period /t Strm_Clk

The f Strm_Clk and the f LS Clk are the stream clock and the link symbol clock frequencies, while the
t Strm Clk and t LS Clk are the stream clock and the link symbol clock periods, respectively. The reference
pulse and feedback pulse are shown in Figure 2-16 below.

Reference
LS_Clk Divide Pulse Strm_CIk»
by N Feedback Stream Clock
Pulse Recovery Circuit
———

Divide
by M

(——

Figure 2-16: Reference Pulse and Feedback Pulse of Stream Clock Recovery Circuit
The above equation can also be expressed as: M/N =f Strm_Clk/f LS Clk
Both M and N must be 24-bit values.
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When DisplayPort uPacket TX and stream source share the same reference clock, the N and M values stay
constant. This way of generating link clock and stream clock is called Synchronous Clock mode. A
DisplayPort Source device may select a stream clock frequency that allows for static and relatively small (for
example, 64 or less) M and N values. These choices are implementation-specific.

If the Stream clock and Link Symbol clock are asynchronous with each other, the value of M changes over
time. This way of generating link clock and Stream clock is called Asynchronous Clock mode. The value M
must change while the value N stays constant. The value of N in this Asynchronous Clock mode must be set
to 2" or 32,768.

When in Asynchronous Clock mode, the DisplayPort uPacket TX must measure M using a counter running at
the LS Clk frequency as shown in Figure 2-17. The full counter value after every [N x LS_Clk cycles] must
be transported in the DisplayPort Main Stream attributes. . The least significant eight bits of M (Mvid7:0)
must be transported once per main video stream horizontal period following BS and VB-ID.

When Mvid7:0 crosses the 8-bit boundary, the entire Mvid23:0 will change. For example, when Mvid23:0 is
000FFFh at one point in time for a given main video stream, the value may turn to 0010000h at another point.
The Sink device is responsible for determining the entire Mvid23:0 value based on the updated Mvid7:0.

Sink Device

Source Device

Strm I

Clk LS_Clk
M/N

Counter
(Option)

Stream
DP TX Data,

M&N

Crystal
(Optional)

Figure 2-17: M and N Value Determination in Asynchronous Clock Mode

Note 1: Use of an N value of 32,768 does not mandate that the reference pulse period be 32,768 * t LS Clk
which is roughly 121us for the high link rate. The value of N (which is 32,768 or 8000h) and M (which is
measured by the counter in the uPacket TX) may be divided by power of two (or right-shifted) to realize the
reference pulse period suited for each implementation

The method for right-shifting M depends on the required accuracy and jitter tolerance of each application. The
simplest method of rounding up to the nearest integer value (thus, resulting in approximated stream clock
regeneration) may be used for certain applications where the regenerated stream timing is gen-locked to the
incoming data. Other applications may use a more elaborate fractional M PLL based approach for increasing
the accuracy while maintaining the low jitter.

In some implementations, the value of M may be accumulated multiple times to use even bigger N and M
values for stream clock regeneration.

How to use (or even not to use) M and N values for the stream clock regeneration is implementation-specific.

Note 2: This section covers the stream clock recovery in SST mode and does not apply to MST mode unless
an MST Source device is directly driving an MST Sink device over a single link, as the M and N generated by
a Source device describes the ratio between the Strm_Clk and the LS_Clk of the link the Source device is
VESA DisplayPort Standard MEMBER USE ONLY. DISTRIBUTION TO NON-MEMBERS IS PROHIBITED.  Ver.1.2

©Copyright 2007-2010 Video Electronics Standards Association Page 73 of 515



driving. In case there are multiple links between a Source device and a Sink device, the Sink device must
ignore the M and N values.

2.2.3.1 De-spreading of the Regenerated Stream Clock

Support for down-spreading of the link frequency (with modulation frequencies of 30kHz ~ 33kHz) to
minimize EMI is required for Sink devices compliant with the DisplayPort Standard. Support for down-
spreading by uPacket TX is an implementation decision and is optional.

A DisplayPort uPacket RX must indicate whether it is capable of supporting a down-spread link frequency in
the DPCD by either setting or clearing the MAX DOWNSPREAD bit.

For a certain Sink device, such as an audio Sink device, the regenerated stream clock must not have down-
spreading. Such Sink devices must perform de-spreading when regenerating the stream clock. The method of
de-spreading is implementation-specific.

2.2.4 Main Stream Attribute Data Transport

This section describes the Main Stream attribute data that are transported for the reproduction of the main
video stream by the Sink. The attribute data is sent once per frame during the vertical blanking period of the
main video stream. Those attributes must be as follows:

e M and N for main video stream clock recovery (24 bits each)

e Horizontal and vertical totals of the transmitted main video stream, in pixel and line counts,
respectively (16 bits each)

e Horizontal and vertical active start from the leading edges of Hsync and Vsync in pixel and line
counts, respectively (16 bits each)

e Hsync polarity/Hsync width and Vsync polarity and Vsync width in pixel and line count, respectively
(1 bit for polarity and 15 bits for width)

0 Hsync/Vsync polarity
» (0= Active high pulse: Synchronization signal is high for the sync pulse width
» | = Active low pulse: Synchronization signal is low for the synch pulse width
e Active video width and height in pixel and line counts, respectively (16 bits each)
e Miscellaneous0 (MISCO, 8 bits)
0 Synchronous Clock (bit 0)
» 0= Link clock and main video stream clock asynchronous

= 1 =Link clock and main video stream clock synchronous
When 1, the value M must be constant regardless of whether link clock down-spread enabled.
This bit applies to main video stream clock, and does not apply to audio clock. (Refer to
Section 2.2.5.2). Synchronousity/asynchronousity of main video stream and that of audio
stream clock may be independently set.

0 Colorimetry Indicator Field (bits 7:1) and bit 7 of MISC1
= Refer to Section 2.2.4.3.
e Miscellaneous1 (MISCI1, 8 bits)
0 Interlaced vertical total even (bit 0)

= (= Number of lines per interlaced frame (consisting of two fields) is an odd number.
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= 1 =Number of lines per interlaced frame (consisting of two fields) is an even number.
0 Stereo video attribute (bits 2:1)

= 00 = No 3D stereo video in-band signaling done using this field, indicating either no 3D
stereo video transported or the in-band signaling done using an SDP called
Video_Stream_Configuration (VSC) Packet

= 01
=  For progressive video, the next frame is RIGHT EYE
= For interlaced video, TOP field is RIGHT EYE and BOTTOM field is LEFT EYE
* 10=RESERVED
= 11
»  For progressive video, the next frame is LEFT EYE
» For interlaced video, TOP field is LEFT EYE and BOTTOM field is RIGHT eye
0 Bits 6:4 = RESERVED (Set to 0s)
0 Bit 7 =Y-only video (refer to Section 2.2.4.3)
These Main Stream Attribute data must be transported as shown in Figure 2-18 (after 2-LS_Clk inter-lane de-

skewing).

2.2.4.1 Main Stream Attribute Packet Generation Option (Informative)

The video timing information in the Main Stream attribute data is designed for video modes where the
parameters are static. For modes that dynamically change the video timing, the main stream attribute fields
cannot be used. Also, in some systems, H/Vsync may not be used.

Therefore, a Source device that supports a special mode of operation in which one or more MSA parameter is
not static or are not used may transmit invalid values for the non-static or unused MSA parameters, as long as
the Source device is able to discover that the Sink device supports this mode of operation.
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Lane 0 Lane 1 Lane 2 Lane 3 Lane 0 Lane 1 Lane 0
SS SS SS SS SS SS SS
SS SS SS SS SS SS SS
Mvid23:16 | Mvid23:16 | Mvid23:16 | Mvid23:16 Mvid23:16 | Mvid23:16 Mvid23:16
Mvid15:8 Mvid15:8 Mvid15:8 Mvid15:8 Mvid15:8 Mvid15:8 Mvid15:8
Mvid7:0 Mvid7:0 Mvid7:0 Mvid7:0 Mvid7:0 Mvid_7:0 Mvid7:0
Htotal15:8 | Hstart15:8 | Hwidth15:8 | Nvid23:16 Htotal15:8 | Hstart15:8 Htotal15:8
Htotal7:0 Hstart7:0 Hwidth7:0 Nvid15:8 Htotal7:0 Hstart7:0 Htotal7:0
Vtotal15:8 | Vstart15:8 | Vheight15:8 Nvid7:0 Vtotal15:8 | Vstart15:8 Vtotal15:8
Vtotal7:0 Vstart7:0 Vheight7:0  MISCO_7:0 Vtotal7:0 Vstart7:0 Vtotal7:0
HSP|HSW14:8 | VSP|VSW14:8 All Os MISC1_7:0 HSP|HSW14:8 | VSP|VSW14:8 HSP|HSW14:8
HSW7:0 VSWT7:0 All Os All Os HSW7:0 VSW?7:0 HSW7:0
SE SE SE SE Mvid23:16 | Mvid23:16 Mvid23:16
Mvid15:8 Mvid15:8 Mvid15:8
Mvid7:0 Mvid7:0 Mvid7:0
| | | | Hwidth15:8 | Nvid23:16 Hstart15:8
I I I I Hwidth7:0 Nvid15:8 Hstart7:0
, . , . Vheight15:8 Nvid7:0 Vstart15:8
Vheight7:0 | MISCO_7:0 Vstart7:0
4 lane Main Link All Os MISC1_7:0 VSP|VSW14:8
All Os All Os VSW?7:0
HSW = Hsync Width SE SE Mvid23:16
HSP = Hsync Polarity Mvid15:8
VSW = Vsynd Width | | MVid70
VSP = Vsync Polarty I I Hwidth15:8
' ' Hwidth7:0
2 lane Main Link Vheight15:8
Vheight7:0
All Os
All Os
Mvid23:16
Mvid15:8
Mvid7:0
Nvid_23:16
Nvid15:8
Nvid7:0
MISCO_7:0
MISC1_7:0
All Os
1 lane Main Link SE

Figure 2-18: Transport of DisplayPort Main Stream Attribute
The Main Stream Attributes packet must be distinguished from a secondary-data packet by the fact that it
starts with two consecutive “SS” symbols per lane.

2.2.4.2 Main Stream Attribute for Interlaced Video Stream
An interlaced video streams frame consists of two fields:

e The top field containing the first active line of a frame
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e The bottom field containing the second active line of a frame

Figure 2-19 shows the video format of an interlaced video stream that has an odd number of lines per frame
and Figure 2-20 shows the case with an even number of lines per frame.

7 lines>

=25 lin
18 lines——————>¢VpLank

%VTOTAL
%VHEIGHT =

’K Top Field % Bottom Field )“
A8 BI B3 B5 A1 A3 A5 A7 A9 A1l A13 A15 A17l BO B2 B4 B6 A2 A4 A6 A8 A10 A12 Al4 A16 A18 | BI B3 B5 Al
HSYNC
VSYNC | | 1
K2 Iines% ﬁz.s |ines%
Tvsyne = 12.5 i X Tusyne = 12.5 i
Trrave = 25 li

Figure 2-19: Interlaced Video Format/Timing for Odd Number of Lines per Frame

VTOTAL =

=26 lin
18 lines—————— &V ank = 8 lines—>

\/.

& VheHT

~N

Top Field % Bottom Fieldﬂ
BO B2 B4 B6 A1 A3 A5 A7 A9 A11 A13 A15 A17' B1 B3 B5 B7 A2 A4 A8 A8 A10 A12 A14 A16 A18 ' BO B2 B4 B6 A1

A18
HSYNC
VSYNC | | 1

[l
K2 Iineq &2.5 Iineq
7N

Tusvne = 12.5 i

Tusvne = 13.5 i
Trrave = 26 li

Figure 2-20: Interlaced Video Format/Timing for Even Number of Lines per Frame

When transporting an interlaced video stream, the timing parameters of the top field must always be conveyed
in the Main Steam Attribute packet.
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As defined in Table 2-3, VB-ID bit 2 must be set to 1 when an interlaced video stream is transported. Bit 1 of
VB-ID is set to 0 right after the last active line of the top field and to one right after the last active line of the
bottom field. For non-interlaced video, bits 2:1 must remain 00.

In the example shown in Figure 2-19, the Vertical Active Start, Vertical Total, Vertical SYNC Width and
Vertical Active Height of the Main Stream Attribute must be set to:

e Vertical Active Start = 2 (decimal)

e Vertical Total = 12 (decimal)

e Vertical SYNC Width = 1 (decimal)
e Vertical Active Height = 9 (decimal)

In the example shown in Figure 2-20 the Vertical Active Start, Vertical Total, Vertical SYNC Width and
Vertical Active Height of the Main Stream Attribute must be set to:

e Vertical Active Start = 2 (decimal)
e Vertical Total = 13 (decimal)
e Vertical SYNC Width = 1 (decimal)
e Vertical Active Height = 9 (decimal)
In addition, bit 0 of Miscellaneous must be set to 1 when the number of lines per frame of the interlaced video

stream 1S an even number.

2.2.4.3 Main Stream Attribute Field for Indication of Color Encoding Format and Content
Color Gamut

Table below shows how MSA MISCO field bits 7:1 and MISO field bit 7 are used by a DP Source device to
indicate the color encoding format used for the transport and the content color gamut.

Table 2-45: MISCO field for Color Encoding Format Indication

MISC1 MISCO
MSA bits [7] [2:1] [3] [4] [7:5]
RGB unspecified color space 0 00 0 0 000, 001, 010, 011, 100 (6,
(legacy RGB mode) 8, 10, 12, 16 bits/color
CEA RGB (sRGB primaries) 0 00 1 0 respectively)
RGB wide gamut fixed point (XRS, | 0 11 0 0 001, 010, 011 (8, 10, 12
XR10, XR12) bits/color, respectively)
RGB wide gamut floating point 0 11 0 1 100 (16 bits/color)
(scRGB)
Y-only 1 00 0 0 001, 010, 011, 100
(8, 10, 12, 16 bits
/luminance, respectively)
YCbCr (ITU601/ITU709) 0 01 =422 1 0=BT601
10 = 444 1=BT709 | 001,010,011, 100
(8, 10, 12, 16 bits/color,
xvYCC (xvYCC601/xvYCC709) 0 01 =422 0 0=BT601 respectively)
10 =444 1 =BT709
AdobeRGB 0 00 1 1 000, 001, 010, 011, 100 (6,
8, 10, 12, 16 bits/color RGB,
respectively)
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DCI-P3 0 11 1 0 011, 100 (12, 16 bits /color
RGB, respectively)

Color Profile 0 11 1 1 000, 001, 010, 011, 100
(8, 10, 12, 16 bits/color
RGB, respectively)

Note 1: All the other values are reserved.

Note 2: The “Color Profile” to be transported from a DP Source device to a DP Sink device as “Simplified
Color Profile” VCP code in MCCS Standard.

2.2.5 Secondary-data Packing Formats
Table 2-46 shows how the secondary-data packet is constructed.

Table 2-46: Secondary-data Packet Header

Byte# Content
HBO Secondary-data Packet ID

HB1 Secondary-data Packet type

HB2 Secondary-data-packet-specific header byte(

HB3 Secondary-data-packet-specific header bytel

For DisplayPort, the following packet types are defined as shown in Table 2-47.

Table 2-47: Secondary-data Packet Type

Packet Type Value Packet Type Transmission Timing

00h DisplayPort RESERVED

01h Audio TimeStamp At least once per video frame

02h Audio Stream During H / V blank period of Main Video stream

03h DisplayPort RESERVED

04h Extension During H / V blank period of Main Video stream

05h Audio _CopyManagement During H / V blank period of Main Video stream

06h ISRC During H / V blank period of Main Video stream

07h - 7Fh DisplayPort RESERVED

80h + InfoFrame Type CEA-861-E InfoFrame For each InfoFrame packet type, once per video frame
during V-blank, 28 data bytes

If there are multiple audio streams transported simultaneously, secondary-data packet ID in HBO must be used
to associate the Audio Stream packet with its Audio_TimeStamp packet and CEA-861-E Audio InfoFrame
packet.

2.2.5.1 InfoFrame Packet

Figure 2-21 shows an InfoFrame packet over the Main Link. (As for the parity bytes, or PBs in the diagram,
refer to Section 2.2.6.). A DisplayPort device must comply with CEA-861-E when using InfoFrame.
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The DB1 ~ DBN (Data Byte 1 ~ Data Byte N), as specified in CEA 861-E Specification, are mapped to SDP

DBO ~ DB [N -1]. The unused bytes must be zero-padded.

Certain control information such as Sampling Frequency, Sample Bits & Coding type of the audio stream can
be set through Audio InfoFrame or Stream header bits. In any such cases the Audio Inflame shall be set to
“Refer to Stream Header” so that the control information can be passed to the receiver through IEC-60958 or

IEC-61937 Stream header bits.

Refer to IEC-60598-3 specification to understand the stream header bit field programming requirements.

InfoFrame packets must be sent once per frame during the vertical blanking period of the main video stream.
For the transport of an Audio InfoFrame packet without main video stream, refer to Section 2.2.5.3.7. For
more information about audio transport over DisplayPort, refer to Section 6.

LaneO Lane1 Lane2 Lane3 LaneO Lane1 LaneO
Ss Ss Ss SS SS SSs SS
HBO HB1 HB2 HB3 HBO HB1 HBO
PBO PB1 PB2 PB3 PBO PB1 PBO
DBO DB4 DB8 DB12 HB2 HB3 HB1
DB1 DB5 DB9 DB13 PB2 PB3 PB1
DB2 DB6 DB10 DB14 DBO DB4 HB2
DB3 DB7 DB11 DB15 DB1 DB5 PB2
PB4 PB5 PB6 PB7 DB2 DB6 HB3
DB16 DB20 DB24 All Os DB3 DB7 PB3
DB17 DB21 DB25 All Os PB4 PB5 DBO
DB18 | DB22 | DB26 All Os DB8 DB12 DB1
DB19 | DB23 | DB27 | AllO's DB9 DB13 DB2
PBS8 PB9 PB10 PB11 DB10 DB14 DB3
SE SE SE SE DB11 DB15 PB4

PB6 PB7 DB4
DB16 DB20 DB5
4-lane Main Link DB17 DB21 DB6
DB18 | DB22 DB7
DB19 DB23 PB5
PBS8 PB9 |
DB24 All Os |
DB25 All,0s DB24
DB26 All Os DB25
DB27 All O's DB26
PB10 PB11 DB27
Si= Si= PB10
All Os
SS = Secondary-data packet Start 2-lane Main Link All Os
SE = Secondary-data packet End All Os
HBxx = Header Byte All O's
PBxx = Parity Byte PB11
DBxx = Data Byte SE

Figure 2-21: InfoFrame Packet

1-lane Main Link
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2.25.1.1 InfoFrame Packet Header
Table 2-48 summarizes the packet header bytes of InfoFrame packets

Table 2-48: Header Bytes of InfoFrame Packet

Byte# Content

HBO Secondary-data Packet ID

InfoFrame packet, Audio_TimeStamp packet, Audio_Stream packet, Audio CopyManagement packet, and
ISRC packet must have the same Packet ID when they are associated with the same audio stream.

HB1 80h + InfoFrame Type value

HB2 Bits 7:0 = Least significant eight bits of (Data Byte Count — 1)

For InfoFrame, the value must be 1Bh (that is, Data Byte Count = 28 bytes. Unused bytes must be zero-
padded.)

HB3 Bits 1:0 = Most significant two bits of (Data Byte Count — 1)
Bits 7:2 = DisplayPort version number (11h, or 010001 binary for Version 1.1)
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2.2.5.2 Audio_TimeStamp Packet
Figure 2-22 shows an Audio_TimeStamp packet over the Main Link.

For the transport of an Audio_TimeStamp packet without the main video stream, refer to Section 2.2.5.3.7.
For more information about audio transport over DisplayPort, refer to Section 6.

LaneO Lanel Lane2 Lane3 LaneO Lanel LaneO
ss ss ss ss ss ss ss
HBO HB1 HB2 HB3 HBO HB1 HBO
PBO PB1 PB2 PB3 PBO PB1 PBO
B I I rez_| ried HB1
au au au au
15:8 15:8 15:8 15:8 PB2 PB3 PB1
Maud Maud Maud Maud Maud Maud HB2
7:0 7:0 7:0 7:0 23:16 23:16
AllO's | AllOs | AllO's | AllO's b Vaud PB2
PB4 PB5 PB6 PB7 Mo 0. HB3
Naud Naud Naud Naud . .
Pt | e e
15:8 15:8 15:8 15:8 PB4 PB5 23:16
Naud Naud Naud Naud Maud Maud Maud
7:0 7:0 7:0 7:0 23:16 23:16 ,\%gfd
AllO's | AllO's | AllO's | AllO's ey o 7o
PB8 PB9 | PB10 | PB11 ‘70 “To AllO's
SE SE SE SE All O's All O's PB4
Maud
PB6 PB7 23:16
Naud Naud Maud
. . 23:16 23:16 15:8
4-lane Main Link Naud Naud Maud
15:8 15:8 7:0
Naud Naud All O's
7:0 7:0
AllO's | AllO's PB5
PBS8 PB9
Naud Naud |
23:16 23:16
Naud Naud |
15:8 15:8
Mo o” e
All O's All O's Naud
:8
PB10 | PB11 e
7:0
SE SE All O's
PB10
2-lane Main Link e
Naud
15:8
Naud
7:0
All O's
PB11
SE

1-lane Main Link
Figure 2-22: Audio_TimeStamp Packet

Audio_TimeStamp consists of Maud23:0 and Naud23:0. The relationship of Maud and Naud is expressed in
the following equation:

Maud/Naud =512 * fs / f LS Clk where fs is the sampling frequency of the audio stream being transported.
Naud value is set to 2" (= 32,768) when the audio clock is asynchronous to the LS_Clk.
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In addition to the Audio_TimeStamp packet, the Maud7:0 are transported once per main video stream

horizontal line period immediately following Mvid7:0.

It is the responsibility of a Sink device to avoid audio glitch as long as the accuracy of the audio time-stamp
value is within +/-0.5%.

Note: In MST mode, the Sink device must ignore the Maud and Mvid values sent by an MST Source device
unless the MST Sink device is directly connected to the MST Source device via a single link as the Source
device generates those values based on the LS CIk of the link it is driving.

2.25.2.1 Audio_TimeStamp Packet Header

Table 2-49 describes the packet header bytes of Audio_TimeStamp packets

Table 2-49: Header Bytes of Audio_TimeStamp Packet

Byte# Content

HBO Secondary-data Packet ID
InfoFrame packet, Audio_TimeStamp packet, Audio_Stream packet and Audio_CopyManagement packet,
and ISRC packet must have the same Packet ID when they are associated with the same audio stream.

HBI1 01h

HB2 Bits 7:0 = Least significant eight bits of (Data Byte Count — 1)
For an Audio_TimeStamp packet, the value must be 17h (that is, Data Byte Count = 24 bytes). Unused bytes
must be zero-padded.

HB3 Bits 1:0 = Most significant 2 bits of (Data Byte Count — 1)

Bits 7:2 = DisplayPort version number (11h, or 010001 binary for version 1 revision la)

2.2.5.2.2 Audio_TimeStamp Values (Informative)

Table 2-50 shows some examples of the audio time stamp values for various audio sampling frequencies

when audio clock and Link Symbol clock are synchronous.

Sampling frequencies of 384KHz and 768KHz are added to support the audio high bit rate transport.

Table 2-50: Examples of Maud and Naud Values

f LS_CIk = 270MHz (2.7Gbps)

f LS_Clk = 162MHz (1.62Gbps)

Regenerated clock = 512x 48kHz (Used when fs = 48kHz)

Maud = 512 M= 512
Naud = 5625 N= 3375
Regenerated clock = 512x 44.1kHz (Used when fs = 44.1kHz)
Maud = 784 M= 784
Naud = 9375 N= 5625
Regenerated clock = 512x 32kHz (Used when fs = 32kHz)
Maud = 1024 M= 1024
Naud = 16875 N= 10125

Regenerated clock = 512x 384kHz (Used when fs = 384kHz)

!

Maud = 47721

M= \ 79536
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Iil Naud = 65536 [] N-= | 65536
Regenerated clock = 512x 768kHz (Used when fs = 768kHz)

Maud = 190887 |Il M= 318145

Naud = 131072 N- 131072

Note: No down-spreading, with synchronous clock, assumed.

2.2.5.3 Audio_Stream Packet

Transport of an audio stream is optional. When an audio stream is transported, the Audio InfoFrame packet
describing the attribute of the audio stream and Audio_TimeStamp packet must be also transported, each once
per frame during the vertical blanking period of the main video stream.

Audio_Stream packets must be sent during both horizontal and vertical blanking periods of the main video
stream. During the horizontal and vertical blanking period, DisplayPort Source device must transmit an
Audio_Stream Packet whenever it has enough data to form a packet and access to the Main Link to transmit
the packet(s). For more information about audio transport over DisplayPort, refer to Section 2.2.5.3 and
Section 6.

When the coding type is set to “0000” it represents that encoded content equal or less than 6.144Mbps is
transmitted. Coding type “0001” represents that encoded content exceeding 6.144Mbps is transmitted over the
link.

IEC-61937 encoded Bit rates exceeding 6.144Mbps will be known as Audio High bit rate. DisplayPort will
allow 2 different high bit rate transports such as 12.288Mbps, 24.576Mbps. These bit rates will use the
following configuration to transport the data in IEC-60958 format.

e 24.576Mbps => 2 channel 16 bit and 768KHz
e 12.288Mbps => 2 channel 16 bit and 384KHz

Dolby True-HD and DTS Master Audio formats require higher bit rates for transport. DisplayPort Source
device shall use one of these 2 High bit rates to transmit such encoded content.

384KHz sampling rate is currently not supported in IEC-60958-3. DisplayPort will support this rate when
IEC-60598-3 supports it. Until that time, it must not be used for transmitting encoded content.

There are some parameters that are available in both Audio_Stream Packet and Audio InfoFrame Packet.
Parameters in Audio_Stream Packet take precedence.

2.2.5.3.1 Audio Playback Latency Requirement

A DisplayPort Sink device audio recovery time from idle to playback (i.e. audio being presented to the end-
user) must not exceed 50ms from the time the first Audio Sample, Audio InfoFrame or audio clock
regeneration packet is received. The receiver must mute playback during recovery of local audio clock to
avoid audible noise. A DisplayPort Source device may send Audio clock regeneration or InfoFrame packets
prior to sending the audio stream, to ensure any recovery necessary at the DisplayPort audio receiver has
completed.

2.25.3.2 Audio_Stream Packet Header
Table 2-51 describes the packet header of an Audio Stream packet.

VESA DisplayPort Standard MEMBER USE ONLY. DISTRIBUTION TO NON-MEMBERS IS PROHIBITED.  Ver.1.2
©Copyright 2007-2010 Video Electronics Standards Association Page 84 of 515



Table 2-51: Header Bytes of Audio Stream Packet

Byte# Content

HBO Secondary-data Packet ID

InfoFrame packet, Audio_TimeStamp packet, Audio_Stream packet, Audio CopyManagement packet, and
ISRC packet must have the same Packet ID when they are associated with the same audio stream.

HBI1 02h

HB2 | RESERVED (all 0s)

HB3 Bits 2:0 = ChannelCount

e 2-channel layout and mono vs. stereo are identified exclusively using this field:
0 = mono, 1 = stereco

e 8-channel layout is identified exclusively using this field equal to or larger than 2. For 8-channel
layout, there is no requirement on a Source to match this value to the actual channel count, and a Sink
must use this field to determine whether the incoming Audio Stream Packet has 8 channel layout or
not. Actual channel count and the channel-to-speaker mapping must be obtained from Audio
InfoFrame Packet Channel Allocation field.

Bit 3 = RESERVED (= 0)
Bits 7:4 = Coding Type
0000 = 2 to 8 Channel LPCM 192KHz content/ IEC61937 encoded content with Bit Rate <= 6.144
Mbps [IEC 60958 like encoding]
0001 =IEC61937 encoded content for Bit Rates exceeding 6.144Mbps [IEC 60598 like encoding]
All other values are RESERVED for DisplayPort

2.2.5.3.3 Audio_Stream Data Mapping Over the Main Link

Channel count is the count of audio channels transmitted through DisplayPort link. The uPacket RX must use
this 3-bit value to decide how to interpret the payload of Audio Stream Packet. One to eight channels are
supported in DisplayPort.

Table 2-39 shows the Audio Stream Packet mapping over the Main Link for 1 — 2 channel audio and Figure
2-23 shows the mapping for 3 — 8 channel mapping.

e For one and two channel audio, two sets of 32-bit audio packet payload carry one audio sample
e For three to eight channel audio, eight sets of 32-bit audio packet payload carry one audio sample.

Those sets of 32-bit audio packet payloads that carry the same audio sample must have the same value in the
SP (Sample Present) bit. If the sample is present then SP must be set to one and if the sample is absent then
SP must be set to zero.

An Audio Stream packet transfer must not stop in the middle of an audio sample.

For example, when a 2-channel audio is transmitted over a 1-lane Main Link, the packet may be ended after
PBS in Figure 2-23 since the transmission of sample 0 is completed at that point. However, it must not end
after PB4.

Audio High bit rate transmission shall always use the 8 channel layout to transmit the content. Pa/Pb sync
words shall be located only on the Ch0 and Ch1 location in the 8 channel layout, this Pa/Pb sync word
location restriction applies to only Dolby True-HD and DTS HD Master Audio transmission.

The mapping of audio data to channels depends on the audio-data-to-speaker mapping. As for the Channel
Count field usage in HB3, refer to Table 2-51.
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4-Lane Main Link 2-Lane Main Link 1-Lan.e Main
Link
Lane 0 Lane 1 Lane 2 Lane 3 Lane 0 Lane 1 Lane 0
SS SS SS SS SS SS SS
HBO HB1 HB2 HB3 HBO HB1 HBO
PBO PB1 PB2 PB3 PBO PB1 PBO
SO Chl BO SO Ch2 BO S1 Chl BO S1 Ch2 B0 HB2 HB3 HB1
SO Chl BI1 SO0 Ch2 BI1 S1 Chl Bl S1 Ch2 Bl PB2 PB3 PB1
SO Chl B2 SO Ch2 B2 S1 Chl B2 S1 Ch2 B2 SO Chl BO S0 Ch2 B0 HB2
SO Chl B3 SO Ch2 B3 S1 Chl B3 S1 Ch2 B3 SO Chl Bl SO Ch2 Bl PB2
PB4 PB5 PB6 PB7 SO Chl B2 SO Ch2 B2 HB3
S2 Chl B0 S2 Ch2 B0 S3 Chl BO S3 Ch2 B0 SO Chl B3 SO | Ch2 B3 PB3
S2 Chl Bl S2 Ch2 Bl S3 Chl Bl S3 Ch2 Bl PB4 SO0 Chl B0
S2 Chl B2 S2 Ch2 B2 S3 Chl B2 S3 Ch2 B2 S1 Chl BO S1 Ch2 B0 SO Chl Bl
S2 Chl B3 S2 Ch2 B3 S3 Chl B3 S3 Ch2 B3 S1 Chl BI S1 Ch2 BI SO Chl B2
PB8 PB9 PB10 PBI11 S1 Chl B2 S1 Ch2 B2 SO Chl B3
S1 Chl B3 S1 Ch2 B3 PB4
PB7 PBS8 SO0 Ch2 BO
“S” stands for Sample, “B” for Byte, and “Ch” for Channel. For S2 Chl BO | S2 Ch2 BO SO0 _Ch2_B1
example, SO_Chl_BO0 means Byte 0 of Channel 1 of Sample 0. S2 Chl Bl S2 Ch2 Bl SO Ch2 B2
S2 Chl B2 S2 Ch2 B2 SO Ch2 B3
S2 Chl B3 S2 Ch2 B3 PB5

Figure 2-23: Audio_Stream Packet over the Main Link for One or Two Channel-Layout Audio

4-Lane Main Link 2- Lane Main Link 1-Lane Main
Link
Lane 0 Lane 1 Lane 2 Lane 3 Lane 0 Lane 1 Lane 0
SS SS SS SS SS SS SS
HBO HBI1 HB2 HB3 HBO HBI HBO
PBO PBI PB2 PB3 PBO PBI1 PBO
SO0 Chl BO SO0 Ch2 B0 SO Ch3 B0 SO Ch4 B0 HB2 HB3 HBI1
SO Chl Bl SO Ch2 Bl SO Ch3 Bl SO Ch4 Bl PB2 PB3 PBI
SO0 Chl B2 SO0 Ch2 B2 SO0 Ch3 B2 SO0 Ch4 B2 SO0 Chl BO SO0 Ch2 BO HB2
SO Chl B3 SO Ch2 B3 SO Ch3 B3 SO Ch4 B3 SO0 Chl Bl SO0 Ch2 Bl PB2
PB4 PB5 PB6 PB7 SO Chl B2 SO Ch2 B2 HB3
S0 Ch5 BO SO0 Ch6 B0 SO0 Ch7 B0 SO0 Ch8 B0 SO0 Chl B3 SO0 Ch2 B3 PB3
SO0 Ch5 Bl SO Ch6 Bl SO Ch7 Bl SO Ch8 Bl PB4 PB5 SO0 Chl BO
SO Ch5 B2 SO0 Ch6 B2 SO Ch7 B2 SO Ch8 B2 SO0 Ch3 B0 SO0 Ch4 B0 SO Chl Bl
SO0 Ch5 B3 SO0 Ch6 B3 SO0 Ch7 B3 SO0 Ch8 B3 SO0 Ch3 Bl SO0 Ch4 Bl SO0 Chl B2
PBS PB9 PB10 PB11 SO0 Ch3 B2 SO0 Ch4 B2 SO Chl B3
SO Ch3 B3 SO Ch4 B3 PB4
PB6 PB7 SO Ch2 B0
SO0 Ch5 B0 SO0 Ch6 B0 SO Ch2 Bl
SO Ch5 B1 SO Ch6 Bl SO Ch2 B2
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4-Lane Main Link

2- Lane Main Link

Lane 0

Lane 1

Lane 2

Lane 3

Lane 0

Lane 1

1-Lane Main
Link

Lane 0

“S” stands for Sample, “B” for Byte, and “Ch” for Channel. For
example, SO_Chl_BO0 means the Byte 0 of Channel 1 of Sample

0.

S0 _Ch5 B2

S0 Ché6 B2

S0 Ch2 B3

SO Ch5 B3

SO Ch6 B3

PB5

PB8

PB9

SO Ch3 B0

S0 _Ch7 BO

S0 _Ch8 BO

S0 Ch3 Bl

S0 Ch7 Bl

SO Ch8 Bl

SO Ch3 B2

SO Ch7 B2

SO_Ch8 B2

SO Ch3 B3

S0 Ch7 B3

S0 Ch8 B3

PB6

PB10

PB11

SO Ch4 BO

SO Ch4 Bl

S0 _Ch4 B2

SO Ch4 B3

PB7

S0 _Ch5 BO

S0 Ch5 Bl

SO Ch5 B2

S0 _Ch5 B3

PBS§

SO _Ch6 B0

S0 _Ch6 Bl

SO Ché6 B2

SO Ch6 B3

PB9

SO _Ch7 B0

S0 Ch7 Bl

S0 _Ch7 B2

SO Ch7 B3

PB10

S0 _Ch8 BO

SO Ch8 Bl

SO Ch8 B2

S0 _Ch8 B3

PBI11

W s2 cni B3 | s2 cn2 B3

PB5

Figure 2-24: Audio_Stream Packet over the Main Link for One or Eight Channel-Layout Audio

2.25.3.4 Speakers Mapping

The transported audio channel data must be mapped to the speakers according to the eight bit data, CA7:0,
which is transported as data byte four within the Audio InfoFrame, as defined in Section 6.6.2 of CEA-861-E

document.
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2.2.5.3.5 Data Mapping within Audio_Stream Packet Payload

An Audio_Stream packet payload consists of four bytes of data per lane, each four bytes protected by a parity
byte.

Figure 2-25 shows the data mapping within the 4-byte payload of an Audio_Stream packet. In the previous
two figures (Figure 2-23 and Figure 2-24) these four bytes correspond to, for example, SO_Ch0_ B0,
SO _ChO B1, S0 ChO B2, and SO ChO B3.

31 % 23 16 15 8 7 0
|7 B3 o|7 B2 o7 BL o7 BO o|
31030 29 28 27 26 25 24 23 0
| ?l R| PR | P | c | u | v| MSB Audio sample word[23.0] LSB |

Figure 2-25: Data Mapping Within the 4-Byte Payload of an Audio_Stream Packet

Table 2-52 shows the bit definition of the four byte payload shown in Figure 2-25.
Table 2-52: Bit Definition of an Audio_Stream Packet Payload with IEC60958-like Coding

Bit Bit Position Description
Name

Audio | Byte 2 bits 7:0 | Audio data. Content of this data depends on the audio coding type. In case of LPCM
sample | Byte 1 bits 7:0 | audio, the most significant bit of the audio is placed in byte 2, bit 7. If the audio data size
word Byte 0 bits 7:0 is less than 24 bits, then unused least significant bits must be zero-padded.

\Y Byte 3 bit 0 Validity flag

U Byte 3 bit 1 User bit
C Byte 3 bit 2 Channel status
P Byte 3 bit 3 Parity bit

PR Byte 3 bits 5:4 | Preamble code and its correspondence with IEC-60958 preamble :

00 — Subframe 1 and start of the audio block (11101000 preamble)
01 — Subframe 1 (1110010 preamble)

10 — Subframe 2 (1110100 preamble)

R Byte 3 bit 6 RESERVED bit. It must be 0.

SP Byte 3 bit 7 Sample present bit:

1 — Sample information is present and can be processed.

0 — Sample information is not present.
All channels of one sample, whether used or unused, must have the same value for the
sample present bit.
This bit is especially useful when two channel audio is transported over a 4-lane Main
Link. In this operation, Main Link lanes two and three may or may not have the audio
sample data. This bit indicates whether the audio sample is present or not.
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2.2.5.3.6 Other Audio Formats (Informative)
DisplayPort Standard, only IEC60958-like packing format type is supported.

Using this format type and coding type of “0000”, one to eight channel LPCM, AC3, and DTS audio stream
can be transported. When the coding type is “0001” Dolby True-HD and DTS Master Audio format can be
transported. These encoded formats shall be transmitted by Source device only if the Sink device indicates
support for receiving this encoded content. Sink device will indicate the support via short audio descriptions,
(for more information refer to CEA-861 E specification). Other audio packing formats may be added in a
future revision of DisplayPort Standard while maintaining the consistent secondary-data mapping
specification described in this document.

Following higher bit rates will be used to transport Dolby True-HD, and DTS HD Master Audio formats.
+ 12.288Mbps
» Derived from 384KHz x 2 Channels x 16 bits
» Delivered at 96KHz x 8 x 16 bits in 8 channel layout Packet Configuration
» Audio time stamps shall be transmitted at Fs of 384KHz
+ 24.576Mbps
» Derived from 768KHz x 2 Channels x 16 bits
» Delivered at 192KHz x 8 x 16 bits in 8 channel layout Packet Configuration
» Audio time stamps shall be transmitted at Fs of 768KHz

Though the timestamps are delivered at 384 or 768KHz, the receiver may use a derivative of this timestamp to
retrieve the samples.

2.2.5.3.7 Transport of Audio Packets Without Main Video Stream

The DisplayPort Standard supports the transport of audio stream while no video stream is being transported
over the link.

When the link is active without main video stream, a Source device must insert a BS symbol followed by VB-
ID, Mvid7:0, and Maud7:0, referred to as “BS symbol set”, every 28 or 8,192 link symbols.

Both NoVideoStream Flag and VerticalBlanking Flag of VB-ID must be set to 1 in this condition and
Mvid7:0 is set to 00h.

A Source device must transmit an Audio_Stream packet after each BS symbol set. In addition, a Source
device must insert an Audio InfoFrame packet and an Audio_TimeStamp packet once after every 512" BS
symbol set.

2.2.5.4 Audio_CopyManagement Packet

Transport of an Audio_CopyManagement packet is an application-specific option. When an audio stream is
transported and it has a specific copy management requirement from the higher level application, the
Audio_CopyManagement packet describing the copy management attribute of the audio stream must be also
transported. For general audio stream that has no copy management requirement, transmission of the
Audio_CopyManagement packet is optional (with Copy Management Type of 00h if sent).

A DisplayPort Sink device may indicate it does not support ACM or ISRC by clearing the ACM_ISRC sup
bit in its capability declaration. In this case, DisplayPort Source device must not send any
Audio_CopyManagement packet to the Sink device (on top of not sending any audio stream with copy
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management requirement to the Sink device). If DisplayPort Sink device supports Audio CopyManagement,

and does not see the Audio CopyManagement packet within two video frames after audio stream is
transported, it shall treat the audio stream transported has no copy management requirement.

DisplayPort Source device shall support Audio CopyManagement packet transmission if enabled by higher
level application (unless Sink device does not support ACM/ISRC).

When a

new audio stream with copy management requirement is transported, or if there is any change in the

audio stream copy management requirements, an Audio CopyManagement packet with up-to-date
information must be transmitted within one frame of the start of transmission of the affected audio stream.
The packet must continue to be sent once per frame for as long as the copy management requirement persists.

2.25.4.1 Audio_CopyManagement Packet Header
Table 2-53 describes the packet header bytes of Audio-CopyManagement packets

Table 2-53: Header Bytes of Audio_CopyManagement Packet

Byte# Content

HBO Secondary-data Packet ID
InfoFrame packet, Audio_TimeStamp packet, Audio_Stream packet, Audio CopyManagement packet, and
ISRC packet must have the same Packet ID when they are associated with the same audio stream.

HBI1 05h

HB2 Bits 7:0 = Least significant eight bits of (Data Byte Count — 1)
For an Audio CopyManagement packet, the value must be OFh (that is, Data Byte Count = 16 bytes.
Unused bytes must be zero-padded.)

HB3 Bits 1:0 = Most significant 2 bits of (Data Byte Count — 1)

Bits 7:2 = Copy Management Type
000000 = No Copy Management
000001 = IEC60958 Audio
000010 = DVD Audio
000011 — 111111 = RESERVED

Copy Management Type indicates the type of copy management associated with the audio stream.

Value of 000000 indicates no copy management requirement is indicated by the higher level
application. This is also equivalent to no transmission of Audio CopyManagement packet.

Value of 000001 indicates copy management is required through IEC60958 SCMS control bits,
which are embedded in the audio stream channel status.

Value of 000010 indicates DVD audio copy management is required. Please refer to DVD
Specifications for Read-Only Disc, Part 4: Audio Specification, Version 1.2, for details of the copy
control attributes in the data payload.

2.2.5.4.2 Audio_CopyManagement Packet Data
The data payload of the Audio_CopyManagement depends on the copy management type:

Copy management type = No Copy Management: No valid data. All 16 bytes are Os.
Copy management type = IEC60958 Audio: No valid data. All 16 bytes are Os.

Copy management type = DVD Audio: 1 byte of data content exists, with the remaining 15 bytes
padded with zeros. Please refer to DVD Specifications for Read-Only Disc, Part 4: Audio
Specification, Version 1.2, for details of the copy control attributes in the data content.
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Bit 1:0 — audio quality
Bit 3:2 — audio copy permission

Bit 6:4 — audio copy number

O O O O

Bit 7 — audio transaction

Figure below shows the payload size equal to 16 bytes. It is allowed to have the payload size equal to 32 bytes
with unused bytes zero-padded.

4-Lane Main Link 2-Lane Main Link l-Lan.e Main
Link
Lane 0 Lane 1 Lane 2 Lane 3 Lane 0 Lane 1 Lane 0
SS SS SS SS SS SS SS
HBO HBI1 HB2 HB3 HBO HB1 HBO
PBO0 PBI1 PB2 PB3 PBO0 PBI1 PBO
DB0 DB4 DBS DB12 HB2 HB3 HBI1
DBI1 DB5 DB9 DB13 PB2 PB3 PBI
DB2 DB6 DB10 DB14 DBO0 DB4 HB2
DB3 DB7 DBI11 DBI15 DBI1 DB5 PB2
PB4 PB5 PB6 PB7 DB2 DB6 HB3
SE SE SE SE DB3 DB7 PB3
PB4 PB5 DBO0
DBS DBI12 DBI1
DB9 DBI13 DB2
DB10 DB14 DB3
DBI11 DBI15 PB4
PB7 PBS DB4
SE SE DB5
DB6
DB7
PB5
DB12
DB13
DB14
DB15
PBS
SE

Figure 2-26: Audio_CopyManagement Packet over the Main Link

2.2.5.5 ISRC Packet

Transport of an ISRC (International Standard Recording Code) packet is an application-specific option.
When an audio stream is transported and it has specific ISRC and/or UPC/EAN requirement from the higher
level application, the ISRC packet describing the UPC_EAN _ISRC information of the audio stream must be
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also transported. For general audio stream that has no ISRC or UPC/EAN requirement, no ISRC packet will
be sent.

A DisplayPort Sink device may indicate it does not support ACM or ISRC by clearing the ACM_ISRC_sup
bit in its capability declaration. In this case, DisplayPort Source device must not send any ISRC packet to the
Sink device (on top of not sending any audio stream with ISRC requirement to the Sink device). If
DisplayPort Sink device support ISRC, and does not see the ISRC packet within 2 frames after audio stream
is transported, it shall treat the audio stream transported has no ISRC requirement.

A DisplayPort Source device shall support ISRC packet transmission if enabled by higher level application
(unless Sink device does not support ACM/ISRC). When an audio track with ISRC information is
transported, the ISRC packet must be transmitted multiple times (please refer to ISRC status description for
more information) following the transmission of the affected audio track. If transported, ISRC packets must
be sent during both horizontal and vertical blanking periods of the main video stream.

Refer to DVD Specifications for Read-Only Disc, Part 4: Audio Specification, Version 1.2, for details of the
UPC_EAN _ISRC fields.

2.255.1 ISRC Packet Header
Table 2-54 describes the packet header bytes of ISRC packets

Table 2-54: Header Bytes of ISRC Packet

Byte# Content

HBO Secondary-data Packet ID

InfoFrame packet, Audio_TimeStamp packet, Audio_Stream packet, Audio_CopyManagement packet, and
ISRC packet must have the same Packet ID when they are associated with the same audio stream.

HB1 06h

HB2 Bits 7:0 = Least significant eight bits of (Data Byte Count — 1)
For an ISRC packet, the value must be 0Fh (that is, Data Byte Count = 16 bytes)

HB3 Bits 1:0 = Most significant 2 bits of (Data Byte Count — 1)
Bit 2 = ISRC type

Bit 3 = ISRC packet #

Bit 4 = ISRC valid

Bits 7:5 = ISRC status

ISRC Type indicates whether the ISRC information is delivered in a single ISRC packet or two ISRC packets.
A complete set of UPC_EAN ISRC information can be sent in one or two ISRC packets. If the

UPC _EAN ISRC information only has 16 bytes, only a single packet is sent, and the ISRC type = 0. If the
UPC_E[?N_ISRC information has the full 32 bytes, two ISRC packets are required to be sent, and the ISRC
type=1".

ISRC Packet # indicates the packet number if the ISRC information is to be sent in two ISRC packets (i.e.
ISRC type = 1). A value of 0 indicates the ISRC packet contains the first 16 bytes (0 — 15) of the
UPC_EAN_ISRC information. A value of 1 indicates the ISRC packet contains the second 16 bytes (16 —31)
of the UPC_EAN ISRC information. Packet # will always be zero if ISRC type = 0.

ISRC Valid indicates the UPC_EAN ISRC information contains in the ISRC packet is valid. A value of 1
indicates the ISRC information is complete and valid. A value of 0 indicates the source cannot obtain the
complete UPC_EAN ISRC information.

! Packet size limitation was kept mainly to ease DP-to-HDMI bridge device implementation
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ISRC Status indicates the status of the ISRC information in reference to an audio track position. Each track
of audio may have the specific ISRC and/or UPC/EAN information. Per the DVD audio specification, if
UPC_EAN_ISRC information exists, DisplayPort Source Device needs to send the set of ISRC packet
multiple times per audio track:

e At least two complete sets of ISRC packets with the ISRC status of “001” at the beginning of the
audio track.

e Multiple complete set of ISRC packets with the ISRC status of “010” in the middle of the audio track.

e At least two complete sets of ISRC packets with the ISRC status of “100” before the end of the audio
track.

2.2.5.5.2 ISRC Packet Data

The data payload of the ISRC packet depends on the ISRC type. If the packet # = 0, the data payload contains
byte 0 — 15 of the UPC_EAN ISRC information. Ifthe packet # = 1, the data payload contains byte 16 — 31
of the UPC_EAN ISRC information.

Figure below shows the payload size equal to 16 bytes. It is allowed to have the payload size equal to 32 bytes
with unused bytes zero-padded.

4-Lane Main Link 2-Lane Main Link 1-Lan.e Main
Link
Lane 0 Lane 1 Lane 2 Lane 3 Lane 0 Lane 1 Lane 0
SS SS SS SS SS SS SS
HBO HB1 HB2 HB3 HBO HB1 HBO
PBO0 PBI PB2 PB3 PBO0 PBI1 PB0
DBO0 DB4 DBS DB12 HB2 HB3 HBI1
DBI1 DB5 DB9 DB13 PB2 PB3 PBI
DB2 DB6 DB10 DB14 DBO0 DB4 HB2
DB3 DB7 DBI11 DBI15 DBI1 DB5 PB2
PB4 PB5 PB6 PB7 DB2 DB6 HB3
SE SE SE SE DB3 DB7 PB3
PB4 PB5 DBO
DBS8 DB12 DBI1
DB9 DBI13 DB2
DB10 DB14 DB3
DBI11 DBI15 PB4
PB7 PBS DB4
SE SE DBS5
DB6
DB7
PB5
DBI12
DB13
DB14
DB15
PBS
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I I e

Figure 2-27: ISRC Packet over the Main Link

2.2.5.6 Video_Stream_Configuration (VSC) Packet

A DP Source device may send 3D Stereo in-band signaling using VSC Packet by setting MSA Packet MISC1

field bits 2:1 to 00.

2.2.5.6.1 VSC Packet Header

Table 2-55 describes the packet header bytes of VSC Packet
Table 2-55: Header Bytes of VSC Packet

Byte# Content
HBO Secondary-data Packet ID =0
HBI1 07h
HB2 Bits 4:0 = Revision Number = 01h
Bits 7:5 = RESERVED (all 0s)
HB3 Bits 4:0 = Number of valid data bytes = 01h
Bits 7:5 = RESERVED (all 0s)

2.2.5.6.2 VSC Packet Payload

Table below shows the bit definitions of VSC Packet payload
Table 2-56: VSC Packet Payload

DBO bits 3:0
= Stereo Interface Method Code

DBO bits 7:4
= Stereo Interface Method-Specific Parameter

0 = Non Stereo Video

Must be set to 0x0

1 = Frame/Field Sequential (Figure 6, illustrates the
composited frame format as transmitted by the source)

Frame/Field Sequential Type:

Value 0x0:
Left & Right view indication based on the MISC1 bit
2:1

Value 0x1:
Right when Stereo Signal = 1

Value 0x2:
Left when Stereo Signal = 1

All other values for this field (0x3-0xF) are RESERVED
for future use.

2 = Stacked Frame (Figure 7, illustrates the composited
frame format as transmitted by the source)

Stacked Frame Type:

Value 0x0:
Left view is on top and right view on bottom

All other values for this field (0x1-0xF) are RESERVED
for future use.

3 = Pixel Interleaved

Interleave Pattern Type:

For interleave pattern type 1 through 4, a 2x2 pattern
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grid (as shown in figure 2) is used to illustrate the
interleaving pattern of the composited stereo frame.

Value 0x0:

Interleave pattern corresponding to 2-way horizontally
interleaved stereo where right view pixels are on even
lines. The corresponding 2x2 pattern is shown below:

Composited Frame’s Left View Left View
1% Active Line Pixel Pixel

Composited Frames’s | RightView | RightView
2" Active Line Pixel Pixel

Value 0x1:

Interleave pattern corresponding to 2-way horizontally
interleaved stereo where right view pixels are on odd
lines. The corresponding 2x2 pattern is shown below:

Composited Frame’s | Right View Right View

1% Active Line Pixel Pixel
Composited Frames’s |  Left View renvien
2" Active Line Pixel Pixel

Value 0x2:

Interleave pattern corresponding to a checkerboard
pattern with alternating left and right view pixels starting
with left view pixel. The corresponding 2x2 pattern is
shown below:

Composited Frame’s | Left View Right View
1% Active Line Pixel Pixel

Composited Frames’s | Right View Left View
2" Active Line Pixel Pixel

Value 0x3:

Interleave pattern corresponding to 2-way vertically
interleaved stereo starting with left view pixels. The
corresponding 2x2 pattern is shown below:
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. )

Composited Frame’s| | ¢viey, | Right view
1% Active Line Pixel Pixel

ComE£SIt§d Fra,mes S Left View Right View
2" Active Line Pixel Pixel

Value 0x4:

Interleave pattern corresponding to 2-way vertically
interleaved stereo starting with right view pixels. The
corresponding 2x2 pattern is shown below:

Composited Frame’s| Right View Left View
1% Active Line Pixel Pixel

Composited Frames'’s| Right View Left View
2" Active Line Pixel Pixel

All other values for this field (0x5-0xF) are RESERVED
for future use.

4 = Side-by-side (Figure 5, illustrates the composited
frame format and the timing requirement)

Value 0x0:
A value of 0x0 indicate left half of the image represents
left EYE view and right half represents right EYE view

Value Ox1:
A value of 0x1 indicate left half of the image represents
right EYE view and right half represents left EYE view

All other values for this field (0x2-0xF) are RESERVED
for future use.

Values 0x5-0xF are RESERVED

Figure 2-28 shows the pixel pattern representation for Pixel interleaved Method.

Composited Frame’s

1% Active Line

Composited Frames'’s

2" Active Line

15 Line’s 1% Line’s
15 Pixel 2™ Pixel
2" Line’s 2" Line’s
1° Pixel 2" Pixel

Figure 2-28: Pixel Pattern Representation for Pixel Interleaved Method

Figure 2-29 shows the interleave pattern corresponding to 2-way interleaved stereo where right image pixels

are on even lines.
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©OO0OO0O0
Left View
Interleave Pattern ‘\
Value = 0x0 O Pixel
O
O
O
O
Right View

Figure 2-29: Interleave Pattern Corresponding to 2-way Interleaved Stereo where Right Image Pixels
are on Even Lines

Figure 2-30 shows the interleave pattern corresponding to 2-way interleaved stereo where right image pixels
are on even lines.

©OO000O0
Left View
Interleave Pattern ‘\
Value = 0x2 Pixel

ONONCRONGC

Right View

Figure 2-30: Interleave Pattern Corresponding to 2-way Interleaved Stereo where Right Image Pixels
are on Even Lines

Figure 2-31 shows the interleave pattern corresponding to a checkerboard pattern with alternating left and
right image pixels
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Horizontal Blank
TL Horizontal Active \—,7

Vertical Blank

Vertical Active I Left View Right View

;

Figure 2-31: Interleave Pattern Corresponding to a Checkerboard Pattern with Alternating Left and
Right Image Pixels

Figure 2-32 Shows field sequential stereo format with left view and right view indicated via MISC1 bits 2:1
field of the MSA Packet.

Horizontal Blank
-« X

\ Horizontal Active

Vertical Blank

Vertical Active

Left View

L

Right View

|
i
|
l

;

Figure 2-32: Field Sequential Stereo Format with Left View and Right View Indicated via MISC1 bits
2:1 Field of the MSA

Figure 2-33 shows stacked top, bottom stereo format with left view on top and right view on bottom.
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Vertical Blank

Vertical Active

;

Horizontal Blank

- x—»

X Horizontal Active

V blnak

L]

Left View

V blank

<A POd—)\— P>

Right View

Figure 2-33: Stacked Top, Bottom Stereo Format with Left View on Top and Right View on Bottom

Figure below shows the VSC Packet mapping over Main Link with the payload size equal to 16 bytes. It is
allowed to have the payload size equal to 32 bytes with unused bytes zero-padded.

4-Lane Main Link 2-Lane Main Link I-Lane Main
Link
Lane 0 Lane 1 Lane 2 Lane 3 Lane 0 Lane 1 Lane 0

SS SS SS SS SS SS SS
HBO HB1 HB2 HB3 HBO HBI1 HBO
PBO PBI PB2 PB3 PBO0 PBI1 PBO0
DBO0 DB4 DBS DB12 HB2 HB3 HBI1
DBI1 DB5 DB9 DB13 PB2 PB3 PB1
DB2 DB6 DB10 DB14 DB0 DB4 HB2
DB3 DB7 DBI11 DBI15 DBI1 DB5 PB2
PB4 PB5 PB6 PB7 DB2 DB6 HB3
SE SE SE SE DB3 DB7 PB3
PB4 PB5 DBO0

DBS DBI12 DBI1

DB9 DBI13 DB2

DB10 DB14 DB3

DBI11 DB15 PB4

PB7 PBS DB4

SE SE DB5

DB6

DB7

PB5
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DBI12
DB13
DB14
DB15
PBS
I SE
Figure 2-34: VSC Packet Over the Main Link

2.2.5.7 Extension Packet

The transport of an Extension Packet is an application- or vendor-specific option. A DisplayPort Source
device must write its 24-bit IEEE OUI (and additional data as needed) to the Source Specific field of DPCD
(refer to Section 2.9.3.1), addresses 300h to 302h (and above), via the AUX CH. Then, it must read the 24-bit
IEEE OUI (and additional data as needed) of the Sink device from the Sink Specific field of DPCD,
Addresses 400h to 402h (and above), via the AUX CH. Support of the 24-bit ID is mandatory.

A DisplayPort Source device that supports an Extension Packet must transmit it only after it has confirmed
that the other end of the link is a device that supports its Extension Packet. Likewise, a DisplayPort Sink
device must process the Extension Packet only after it has confirmed that the other end of the link is a device
the Extension Packet of which this Sink device supports.

A Branch device must forward the AUX CH Write or Read Request transactions for the 24-bit IEEE OUI to
its downstream device.

Figure 2-35 shows the minimum size of an Extension Packet mapped onto Main Link. The DisplayPort
Source device must generate parity bytes for both the header and data. Use of the parity for error checking
and correction by the DisplayPort Sink device is an implementation-specific option.

LaneO Lane1 Lane2 Lane3 LaneO Lane1 LaneO
SS SS SS SS SS SS SS
HBO HB1 HB2 HB3 HBO HB1 HBO
PBO PB1 PB2 PB3 PBO PB1 PBO
DBO DB4 DB8 DB12 HB2 HB3 HB1
DB1 DB5 DB9 DB13 PB2 PB3 PB1
DB2 DB6 DB10 DB14 DBO DB4 HB2
DB3 DB7 DB11 DB15 DB1 DB5 PB2
PB4 PB5 PB6 PB7 DB2 DB6 HB3
SE SE SE SE DB3 DB7 PB3

. . PB4 PB5 DBO

4-lane Main Link o - DB1

. DB2

SS = Secondary-data packet Start 2 '2ne Main Link DB3

SE = Secondary-data packet End PB4

HBxx = Header Byte SE
PBxx = Parity Byte 1-lane Main Link

DBxx = Data Byte

Figure 2-35: Extension Packet Mapping Over the Main Link
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2.2.5.7.1 Extension Packet Header
Table 2-57 summarizes the packet header bytes of InfoFrame packets

Table 2-57: Header Bytes of an Extension Packet

Byte# Content
HBO Usage of this byte is vendor-specific

HBI1 04h

HB2 Usage of this byte is vendor-specific

HB3 Usage of this byte is vendor-specific

2.2.6 ECC for Secondary-data Packet

All of the secondary-data packets must be protected via ECC. (DisplayPort Main Link Attributes data is
protected via redundancy.)

The secondary-data packet must consist of a 4-byte header protected by four bytes of parity, followed by a 16-
byte payload data protected by four bytes of parity. The secondary-data packet must end with a parity byte.
Packets constructed with fewer than 16 bytes of data must use zero padding to fill the remaining data
positions.

2.2.6.1 ECC Based on RS (15, 13)

DisplayPort uses Reed-Solomon code, RS (15, 13), with a symbol size of one nibble (four bits) in the ECC
block.

The basic principle of error correcting encoding is to find the remainder of the message divided by a generator
polynomial G(x).

The encoder works by simulating a Linear Feedback Shift Register with degree equal to G(x), and feedback
taps with the coefficients of the generating polynomial of the code. In general the generator polynomial G(x)
for any number of parity, configurable as the NPAR is as follows:

G(X) = (X - OLO) (X - (ll) (X - OLZ) (X — oc3) (X — 0(4) (X _ aNPAR-l)

Since RS (15, 13) with a symbol size of one nibble is chosen, the second degree generator polynomial is used
as follows:

Gx)=x-o))(x—a')=x*—glx+g0
Note: Subtraction is equivalent to addition in binary fields.
Therefore:
G(x) =x*+ gl'x + g0 where gl = o and g0 = a
With encoding of the base field GF (2*), “a” is equal to (0, 0, 1, 0) which gives a*= (0, 0, 1, 1)

The logic equations for implementing g1 and g0 multiplications are listed below (where c[3:0] is a 4-bit
nibble being multiplied by g1 or g0):

gl-c[3:0] = {c[3]"c[2], c[2]"c[1], c[3]"c[1]"c[0], c[3]"c[O]
g0-¢[3:0] = {c[2], c[1], c[3]"c[0], ¢[3]}

The following three messages show the outputs of ECC for input data with parity nibbles shown in underlined,
bold, italic-font numbers.

e Transmitted Message:
f,e,d,c,b,a,9,8,2,2
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e Transmitted Message:
9,8,3,2,1,7,5,4,8.1,
e Transmitted Message:

7a 6, 59 9, 8, 19 39 29 L_25

2.2.6.2 ECC g1 and g0 C-code (Informative)

Figure 2-36 shows the block diagram of a RS (15:13) encoder with symbol size of nibble.

[«—en_fb

7

Y (]
(-

IN

g,[3:0] @ 9,[3:0] @
4 4 4
o L@ x|

4

T

en_fb

in[3:0]

out[3:0]

Figure 2-36: Block Diagram of a RS (15:13) Encoder

The code below shows ECC gl and g0 in C-code.
/
/lc * a™l
//

unsigned char gfmul 1( unsigned char ) ;

unsigned char gfmul 1(a)
unsigned char a ;

{

inti;

unsigned char c[8], gf mul[8],r;

for (1=0; i< 4; i++) { /* Convert to single bit array for multiply */
c[i]=a & 0x01 ;
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a=a>>1;

gf mul[0] =c[3];

gf mul[1] =c[0] * c[3];

ef mul[2] =c[1];

gf mul[3]=c¢[2];

r=0;

for (i=0; i<4; i++) {

r=((gf mul[i] & 0x01) <<1i)|r;
}

return (7) ;

h
//
/l ¢ * ar4
//

unsigned char gfmul 4( unsigned char ) ;

unsigned char gfmul 4(a)
unsigned char a ;

{

inti;

unsigned char c[8], gf mul[8],r;
for (1=0; i< 4; i++) { /* Convert to single bit array for multiply */
c[i]=a & 0x01 ;

a=a>>1;

}

gf mul[0] = c[0] " ¢[3];

gf mul[1] =c[0] ~c[1]" c[3];

gf mul[2]=c[1]"c[2] ;

gf mul[3] =c[2] " c[3];

r=0;

for (i=0; i<4; i++) {

r=((gf mul[i] & 0x01) <<i)|r;
}

return (1) ;
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2.2.6.3 Nibble Interleaving

To further enhance the error correcting capability, the ECC block of DisplayPort incorporates nibble
interleaving after the incoming data packet is error correcting encoded. Combining RS (15:13) with the nibble
interleaving, the ECC block is capable of correcting up to 2-byte error in a 16-byte data block.

As shown in Figure 2-37 (for Payload) and Figure 2-39 (for Header), Lane 0 is interleaved with Lane 1, while
Lane 2 is interleaved with Lane 3 for two and 4-lane Main Link configurations. Interleaving for a 1-lane Main
Link is shown in Figure 2-38 (for Payload) and Figure 2-40 (for Header).

Incoming Code-Words from ECC to Interleaver block Outgoing Code-Words coming out of Interleaver block
Lane_1 nb|nb|nb|nb|nb|nb|nb|nb| p | p
(or Lane 3) |10 1112 /13|14 15|16 |17 |10 | 11 nb |nb|nb|nb|nb|nb|nb|nb|p | p |Lane_1

1001|1203 |14 | 05|16 |07 | 10 | 01 | (or Lane 3)

nb [nb |nb |nb|nb|nb|nb{nb| p | p |Lane_0
00|11|02|13|04|15|06 |17 |00 | 11 (or Lane 2)

Lane_0O nb|nb|nb|nb|nb|nb|nb|nb| p | p
(or Lane 2) | 00 | 01 | 02 | 03 | 04 | 05| 06 | 07 | 00 | O1 )
Interleaving
- — > — . a—
9 U U U U UU o U 3T
L2 28 8 2 2 2 2 2 2
Q —_~ o~
2ERERERRBE® D
W N W N W W N e 2
S e e e

Link Symbol
Clock

Note: nb00 = nibble 0 of input code-word 0 a a a o o
= = = = =
o [l N w »
. . nb
High_nibble nb01 nb03 nb05 01
gh- 07 P Lane_1
Low_nibble | nbio | nbiz | nb14 | nbie | pro | ©7LaN€3)
: High_nibble nbll | nb13 | nbil5 | nbil7 11
Data(7:4) gh_ p Lane_0
Data(3:0)  [ow_nibble | nboo | nboz | nbos | nbos | poo | OF-An€2)

Figure 2-37: ECC Block Nibble-Interleaving for 2- and 4-Lane Main Links

Incoming Code-Words from ECC to Interleaver block Outgoing Code-Words coming out of Interleaver block
Lane_0

nb|nb|nb{nb|nb{nb|nb|nb| p | p |nb|nb|{nb|nb|nb|nb|nb|nb|p | p nb{nb|nb{nb|nb|nb{nb{nb|p |p |nb{nb|nb|nbinb|nb|nbinb|p | p
00{01|02|03|04|05|06|07|00|01(08|09|10|11|12|13|14|15|02 |03 00[08|02|10|04|12|06|14|00|02|09({01|11{03|13|05|15|07|03|01
B A i i}~

O OO0 00000 3T U0 O o OO0 OU3U T

2228 228 882 280088088

BERERRAESIBERERREED T

FITITIDILSLYTIBTIBIWILS S

e Lol

Note: nb00 = nibble 0 of input code-word 0

Figure 2-38: ECC Block Nibble-Interleaving for a 1-Lane Main Link
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Incoming Code-Words from ECC to Interleaver block Outgoing Code-Words coming out of Interleaver block

Lane 1 nb|nb|p|p
(orLane 3) 10|11 |10 |11 nb [nb | p | p |Lane_1
1010110 |01 | (or Lane 3)
nb[nb|p| p |Lane O
Lane 0 nb{nb | p | p 00 (11|00 | 11| (or Lane 2)
(or Lane 2) |00 |01 |00 |01 .
Interleaving
-
O U U T
2 8232 8
& 5w N
w3 e &
s &
Link Symbol
Clock
Note: nb00 = nibble 0 of input code-word 0 ,Q
A
High_nibble nb01 01
gh_ P Lane_1
Low_nibble nb10 p10 (or Lane 3)
: High_nibble b11 11
Data(7:4) gh_ n p Lane_0
Data(3:0) Low_nibble nb00 | poo (orLane 2)

Figure 2-39: ECC Block Nibble-Interleaving for 2- and 4-Lane Main Links (Header)

Incoming Code-Words from ECC to Interleaver block Outgoing Code-Words coming out of Interleaver block

nb
00

nb
08

nb
09

nb
01

P
00

P
02

P
03

p
01

I

(0:€)oereq
(v:2)oereq
(0:€)oereq

Note: nb00 = nibble 0 of input code-word 0

Figure 2-40: ECC Block Nibble-Interleaving for a 1-Lane Main Link (Header)

Note: The nb00 is the lowest nibble of HBO, the nb01 is the highest nibble of HBO, the nb08 is the lowest
nibble of HB1, and nb09 is the highest nibble of HBI.

Since the symbol size is a nibble (4 bits wide), the length of the code-word is 15 nibbles (= 2* — 1) within the
ECC block.

For packet payloads, two parity nibbles (or one byte) must be generated for eight data nibbles (or four bytes)
for the packet payload per lane as shown in Figure 2-41. Only 10 nibbles consisting of eight data nibbles and
two parity nibbles shall be used. The remaining most significant five nibbles must be zero-padded, and must
not be transmitted over a DisplayPort link.

As for the packet header, four nibbles of the 15 nibbles must be used as shown in Figure 2-42. Those four
nibbles consist of two data (that is, packet header) nibbles and two parity nibbles. The remaining most
significant 11 nibbles must be zero-padded, and must not be transmitted. With this protection, the ECC block
is capable of correcting a 2-byte error in a 4-byte packet header.
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codeword with n=15

A
\ 4

0 0 0 0 0 nb0 | nbl | nb2 | nb3 | nb4 | nb5 | nb6 | Nnb7 | pO pl

& » » & »
P < » < >

Patching code_-yvord with 5-zeros 8 nibbles 2-ECC Parity Symbols
leaves 2-parities to cover only (or 4-bytes) (2 nibbles or 1 byte)
8 nibbles of data instead of 13 nibbles of payload data

Figure 2-41: Makeup of 15 Nibble Code-Word for Packet Payload

codewordwithn=15

A
v

0 0 0 0 0 0 0 0 0 0 O |[nbO |nbl| pO pl

A

>E————>—> )
Patching code-word with 11-zeros 2 nibbles 2-ECC Parity

leaves 2-parities to cover only (or 1 byte) SymbO'S
, . : of Packet (2 nibbles

2 nibbles of data instead of 13 nibbles
Header or 1 byte)

Figure 2-42: Makeup of 15 Nibble Code-Word for Packet Header

2.2.6.4 Corrective Action in the Event of Three Symbol Errors (Informative)

The ECC method described above cannot correct the errors when there are three or more symbol errors.
Corrective action by a Sink device in case such an error condition is encountered is an implementation-
specific choice and beyond the scope of this standard.
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2.3 AUX CH States and Arbitration

2.3.1 AUX CH STATES Overview

The AUX CH of DisplayPort is a half-duplex, bidirectional channel. The DisplayPort device with uPacket TX
such as a Source device is the master of the AUX CH (called AUX CH Requester), while the device with
uPacket RX such as a Sink device is the slave (AUX CH Replier). As the master, the Source device must
initiate a Request Transaction, to which the Sink device responds with a Reply Transaction.

Upon detecting the uPacket RX through the Hot Plug Detect mechanism as described in Section 3.1.3.2, the
uPacket TX must put its AUX CH to AUX IDLE State, S2 (Figure 2-43). The uPacket RX must also be in
AUX IDLE State, D1 (Figure 2-44) when it asserts the HPD signal.

Optionally, the Sink may monitor the presence of the uPacket TX. If it is monitoring the presence of a
uPacket TX, the Sink device may enter the AUX IDLE state only when the uPacket TX is detected.

In state S2, the uPacket TX must be in “Talk Mode” and must issue a Request command as needed. The
uPacket RX, in state D1, must be in “Listen Mode” and must be waiting for a Request command.

Upon issuing a Request transaction, the uPacket TX must transition to state S3, the AUX Request CMD
Pending State. In S3 state, the uPacket TX must be in “Listen Mode” waiting for the uPacket RX to reply.
Upon receipt of a Request transaction, the uPacket RX must go to state D2, the AUX Reply CMD Pending
state. Once in D2 state, the uPacket RX must be in “Talk Mode”, ready to send a reply over the AUX CH.

Upon the reception of a Request transaction, the uPacket RX must reply within a maximum of 300us
Manchester transaction format and 0.5us in FAUX transaction format (Response Timer time-out period). If,
for some reason, it is not able to send the reply in Response Timer time-out period, the uPacket RX must go
back to D1 without reply. The uPacket TX must wait for up to 400us in Manchester transaction format and
1.0us in FAUX transaction format (Reply Timer time-out period) upon entering S3. When no reply is
received in Reply Timer time-out period, the uPacket TX must go back to S2 and must be allowed to initiate a
Request transaction as needed.
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From any state:
RESET Asserted

RESET

S0: Unasserted S1:
pPacket TX pPacket RX Not
Not Ready Detected

pPacket TX cancels
any pending AUX
CMD

HPD
Asserted

S2:
AUX IDLE
pPacket TX allowed to
initiate Request
transaction.
Source in
"Talk Mode"

HPD
Un-Asserted

AUX
Request

Reply CMD CMD Issued
received, or
400 us timer
timed out S3:
AUX Request
CMD PENDING
Waiting for Reply CMD
Reply Timer (400us), starts from “PECket RX.
counting upon completion of ”Pacinet LR
R t t i t t
equest transaction, gets rese "Listen Mode"

upon reception of Reply CMD
(command) or time out

Note: uPacket TX may be disabled by Policy
Maker. Upon being enabled, pPacket TX enters
state SO.

Figure 2-43: AUX CH uPacket TX State Diagram
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RESET unasserted

pnPacket TX not
detected

From any st;t;\
Reset asserted
DO:
pPacket RX Not
Ready
Reset asserted or HPD
signal unasserted.
pPacket RX AUX CH
may be disabled

RESET unasserted

Reply
Transaction
Completed or
300us timer
timed out

"Response Timer (300us), starts

AUX Idle

AUX Reply CMD

, DO": N
pPacket TX Not
- Detected

(Optional State)
HPD signal unasserted.
“pPacket RX AUX CH may~
: be disabled /

pnPacket RX |
detected

D1:

HPD signal Invalid signals
asserted. detected (Invalid
" SYNC/channel
Waitng fr AUX
pPacket RX in
"Listen Mode"

AUX Request
Transaction
received

D2:

counting upon reception of Request
transaction, gets reset upon
transmission of Reply CMD or time out"

Note: If HPD unasserted, no matter which
state is current state, DO would be the next
state.

Pending
pPacket RX in "Talk Mode",
getting ready to reply
ACK/NACK/DEFER

Figure 2-44: AUX CH uPacket RX State Diagram

Transitions from DO to D1 through the DO’ state may be used by uPacket RXs that implement optional

uPacket TX detect functionality. In D0’ state, Reset is unasserted from uPacket RX, but the uPacket TX is not

detected.
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2.3.1.1 Rules of DP_ PWR State for a Source Device

The rules of the DP_ PWR state in conjunction with AUX CH uPacket TX State shown in Figure 2-43 for a
Source device are as follows:

* In SO state, Source device may disable DP_ PWR
— Source device is either OFF (or reset) or not monitoring HPD
— Source device may go to S1 state any time
* In SI state, Source device must enable DP_ PWR
— Source device is monitoring HPD signal status
— Source device goes to S2 state when HPD signal is present
*  Source device may go to SO state any time
* In S2 and S3 states, Source device must enable DP. PWR

— Source device is either transmitting or ready to transmit (after Link Training) bits over Main
Link

— Source device goes to S1 state when HPD signal is absent

* Source device may go to SO state any time

2.3.1.2 Rules of DP_PWR State for a Sink Device

The rules for the DP_PWR state in conjunction with AUX CH uPacket RX State shown in Figure 2-44 for a
Sink device are as follows:

e In DO state, a Sink device may disable DP. PWR
— Sink device is OFF (or reset) or not monitoring Source Detection signal
— Sink device de-asserts HPD signal
— Sink device may go to D1 state any time

— Sink device may go to D0’ state if it supports Source Detect feature and Source device is not
detected

* In DO’ state, a Sink device must enable DP_ PWR (For a tethered Sink device, upon detecting
DP_PWR Consumer)

— Sink device de-asserts HPD signal, but monitors Source Detect status
— Sink device goes to D1 when Source detected
* Sink device may go to DO state any time

* In D1 and D2 states, a Sink device must enable DP_ PWR (For a tethered Sink device, upon detecting
DP_PWR Consumer)

—  Sink device asserts HPD signal

— Sink device is either receiving or ready to receive bits over Main Link
— Sink device goes to D0’ state when Source is absent

— Sink device stays in D1 even when Source writes 2 to Address 600h

* Sink device may go to DO state any time

VESA DisplayPort Standard MEMBER USE ONLY. DISTRIBUTION TO NON-MEMBERS IS PROHIBITED.  Ver.1.2
©Copyright 2007-2010 Video Electronics Standards Association Page 110 of 515



A Sink device may be in “Power-Save” mode even in D1 state when it is not receiving bits over Main Link.
In the power save mode, the Sink device may put itself in the following condition:

*  Main Link Receiver is disabled: Different signals parked at Vbias RX

* AUX CH Receiver is monitoring differential signals: It must be ready to reply upon differential signal
detection within 1ms

2.3.2 Link Layer Arbitration Control

As described above, the Source and Sink devices must not to be in the Talk Mode or Listen Mode at the same
time. Furthermore, the Response Timer time-out period of the Sink device must be shorter than that of Reply
Timer of the Source device. In the case of a time-out, both the Source and Sink must return to the AUX IDLE
state, which is Talk Mode for the Source and Listen Mode for the Sink. Therefore, contention and live lock
will be avoided.

2.3.3 Policy Maker AUX CH Management
There are multiple applications and services that initiate AUX transactions. Some examples are:
e AUX Link Services
0 Link capability read
0 Link configuration (training)
0 Link status read
e AUX Device Services
o EDID read
0 MCCS (Monitor Command and Control Set) control

The DisplayPort AUX CH must not support nested transactions. In other words, one transaction must be
ended before another transaction can be initiated. The Policy Maker must be responsible for determining the
order in which the multiple AUX Request transactions get executed per their priorities. The Link Layer shall
merely initiate AUX transaction as it receives the request from the Policy Maker.

A request transaction may not end in full-completion. The Sink may reply with NACK or DEFER when not
ready for full-completion. The Policy Maker must decide on the follow-up action if the Request transaction is
replied with NACK or DEFER.

The amount of data transported over the AUX CH per transaction must be limited to 16 bytes or fewer (that
is, the burst size must be 16 data bytes maximum) in Manchester transaction format and 64 bytes or fewer in
FAUX transaction format. This limitation is set to prevent a single transaction from monopolizing the bus for
an extended period of time. No transaction must occupy the AUX CH more than 500us in Manchester
transaction format and 0.2us in FAUX transaction format. If a given transaction requires more than 16 bytes
(in Manchester transaction format) or 64 bytes (in FAUX transaction format) of data to be transported, the
Policy Maker must divide it into multiple transactions with no transaction larger than 16 or 64 bytes.
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2.3.4 Detailed uPacket TX AUX CH State Description

Table 2-58: uPacket TX AUX CH State and Event Descriptions

State/Event

Description

S0: Reset

State SO must be entered from any state when RESET is asserted.

S1: AUX CH Unplugged

The HPD signal is un-asserted (low state). Upon entry, the level of the HPD
signal must be passed up to the Link Policy Maker. The uPacket RX is either not
connected or has not asserted the HPD signal. The AUX CH is unavailable.
Therefore, AUX CH services such as DPCD, EDID, etc. are not available.

S2: Aux IDLE

The HPD signal is asserted (high). The uPacket RX is connected to either its
main power supply or “trickle” power, though the state of the uPacket RX’s
power switch (if any) is not specified. A message indicating AUX CH available
must be passed up to the Policy Maker. In this state no Aux Command is pending
and the AUX CH is available for the Policy Maker to initiate request
transactions. The source must stay in Talk Mode until a request transaction has
been completed according to the AUX CH syntax as it is specified in this section.
Upon sending STOP, the last part of a request transaction, the uPacket TX must
transition to state S3 provided HPD is still asserted.

S3: AUX Request CMD PENDING

Upon completion of an AUX Request Transaction, the uPacket TX AUX CH
must enter state S3. In this state, the uPacket TX is waiting to receive a Reply
message from the uPacket RX. The uPacket TX must not issue commands in
this state. The uPacket TX AUX CH must stay in Listen Mode. Upon entry to
this state, the Reply-Wait Timer (400us in Manchester transaction format and
1.0us in FAUX transaction format) must reset and start counting. The uPacket
TX AUX CH must exit from this state and enter State S2, AUX IDLE state, when
it receives the Reply Command from the uPacket RX, or when its Reply
Command Timer times out.

In case of a Reply Timer time-out, the uPacket TX device must retry at least
three times since no reply may be due to the uPacket RX device “waking” from a
power saving state which may take up to 1ms.

Transition from any State to SO

Occurs when Reset is asserted

Transition S0:S1

Occurs when Reset is unasserted

Transition S1:S2

Occurs upon Hot Plug Detection

Transition S2:S1 or S3:S1

Occurs upon Hot Plug Detection

Transition S2:S3

Occurs upon the completion of uPacket TX AUX Request Transaction

Transition of S3:S2

Must take place either when the uPacket TX AUX CH receives a Reply
Command from the Sink, or when the Reply Command Timer (400us in
Manchester transaction format and 1.0us in FAUX transaction format) times out.
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2.3.5 Detailed uPacket RX AUX CH State Description

Table 2-59: uPacket RX AUX CH State and Event Description

State/Event

Description

DO0: uPacket RX Not Ready

The uPacket RX must transition to this state from any other state when RESET is
asserted. In this state, HPD signal is unasserted. The uPacket RX AUX CH may
be disabled. Upon unassertion of RESET, the uPacket RX must transition to the
D1 state, unless uPacket TX device detection is implemented in which case the
uPacket RX must transition to the D0’ state.

DO0’: uPacket TX Not Detected

This state is optional and may be used by uPacket RXs that monitor the presence
of the uPacket TX. When RESET is unasserted and HPD signal is asserted and
the uPacket TX is not detected, this optional state may be entered. Upon
detection of the uPacket TX, the uPacket TX must transition to D1.

D1: AUX Idle

In this state the uPacket RX AUX CH must stay in “Listen Mode”, waiting for
the uPacket TX to send an AUX Request Command over the AUX CH. The
uPacket RX AUX CH must also stay in this state after an invalid signal (e.g.,
invalid SYNC, STOP or channel code) is received. Upon receiving an AUX
request transaction command from the uPacket TX, the uPacket RX AUX CH
must transition to state D2 and its response timer (300us in Manchester
transaction format and 0.5us in FAUX transaction format) resets and begins
counting.

In Listen Mode, a uPacket RX must either receive and decode the request
transaction or detect the presence of a differential signal input even if it is in a
power saving state. If the uPacket RX is in a power saving mode and cannot
reply within the Response Time-out period of 300us (in Manchester transaction
format and 0.5us in FAUX transaction format), it must exit the power saving
mode within 1ms of detecting the presence of a differential signal input so that it
can provide an AUX reply within three AUX transaction retries by the uPacket
TX.

A uPacket RX must make its best effort to avoid issuing no reply except when
“waking” from a power saving mode.

D2: AUX Reply CMD Pending

In this state uPacket RX must be in “Talk Mode”, getting ready to reply to the
uPacket TX. Upon completion of the reply transaction, the uPacket RX must
transition to D1. A time-out condition of the response timer must cause the
uPacket RX to transition to state D1 without initiating a reply transaction.

Transition of DO: DO’ (Optional
transition)

Occurs when the Reset is unasserted and HPD signal is asserted.

Transition of DO’:D1 (Optional
transition)

Occurs upon uPacket TX detect after the optional state of DO’ is entered

Transition of DO:D1

Occurs when RESET is unasserted and when the uPacket RX has asserted HPD
signal and is ready to serve for services over AUX CH

Transition of D1:D2

Occurs upon receiving an AUX Request transaction from the uPacket TX

Transition of D2:D1

Occurs when the Sink completes its reply to the uPacket TX, or the uPacket RX
fails to reply before the response timer (300us in Manchester transaction format
and 0.5us in FAUX transaction format) times out
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2.4 Overview of DP Multi-Stream Transport (MST) Isochronous Transport Service

DP Isochronous Transport Service, based on Micro-Packet (uPacket) architecture, transports the audio and
video streams from a Stream Source to a Stream Sink via DP link(s) as shown below.

I_
I

DP Source Device

-

DP Sink Device

| | |

| | I |

| 1 [ '

| | I |

L | |
Application : Stream | : Stream |
Layer : Source : : Sink :

| | I |

| | | |

| [ | |

| I | [

| |

DP : DP | AUX CH + HPD : DP |
Layers | uPacket ! | uPacket :
(Link/PHY) | TX | Main Link | RX |
| l I |

| | | |

Figure 2-45: DisplayPort Data Transport Channels

This section describes the overview of the MST (Multi-Stream Transport) Isochronous Transport Service
extension. The MST extension enables the transport of multiple streams from multiple stream Sources in one
or more DP Source devices to multiple Stream Sinks in one or more DP Sink devices connected via DP
Branch devices as shown in Figure 2-46 below. This is in contrast with SST (Single-Stream Transport) mode
which is limited to a transport of single main stream and optional SDP (secondary-data packet) stream as

described in Section

2.2.
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Figure 2-46: DP1.2 Multi-Stream Transport

2.4.1 Connection-oriented Transport

The DP Isochronous Transport Service is a connection-oriented transport providing for management of stream
transfer from a Stream Source to a Stream Sink independent of the actual underlying stream transport
mechanisms.

Virtual Channel is an end-to-end, direct virtual connection between a Stream Source and a Stream Sink. On
the underlying DP Layers level, multiple links (called path) may need to be traversed to realize the Virtual
Channel connection as shown in Figure 2-47: . Over each link, the Virtual Channel is mapped to a payload
called “VC Payload” of uPacket.
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Figure 2-47: Illustration of Link, Path, Virtual Channel

The end-to-end, direct-connection nature of Virtual Channel becomes more apparent when there are multiple
Stream Sinks and multiple Stream Sources as shown in Figure 2-48: and Figure 2-49: .
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Figure 2-48: Single Stream Source to Two Stream Sinks (“Dual Display Clone”)
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Figure 2-49: Two Stream Sources to Two Stream Sinks (“Extended Desktop”)

In Dual Display Clone example in Figure 2-48:, Link1 between the DP Source Device and DP Branch
Devicel carries a single payload for the single Stream Source. In Extended Desktop example in Figure 2-49: ,
Link1 between the DP Source Device with two Stream Sources and the DP Branch Devicel carries two
payloads, one for Stream Sourcel, and the other for Stream Source2.

2.4.2 Layers of DP Isochronous Transport Service

The Isochronous Transport Service uses the sideband communications over sideband channel (AUX CH and
HPD) for the management of topology/virtual channel connection/Main Link and performs Main Link symbol
mapping. The particular services provided in each layer differ between SST-only and MST-capable devices,
with MST-capable devices generally providing a superset of functionality.

The layers of SST-only Isochronous Transport Services and MST Isochronous Transport Service are shown in
Figure 2-50 and Figure 2-51: respectively below and briefly described in the remainder of this section.
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Figure 2-50: SST Isochronous Transport Service Layers
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Figure 2-51: MST Isochronous Transport Service Layers

0 Topology Management Layer
0 Present in every MST DP device (that is a device that has a DP uPacket TX and/or a DP uPacket
RX, also referred to as a DP node)
0 Added for MST Isochronous Transport Service; not present in SST-mode. An MST-capable
device transmitting in SST transport format still provides for this function.
* Topology Manager in a DP Source device discovers and maintains the topology via
sideband communication
=  Topology Assistant in a DP Branch device provides topology information to Topology
Manager via sideband communication

0 Payload Bandwidth Management Layer

0 Present in every MST DP device with uPacket TX, namely, a DP Source device and a DP Branch
device

0 Added for MST Isochronous Transport Service; not present in SST-mode. An MST-capable
device transmitting in SST transport format still provides this function.

0 Avoids the overflow of the buffer in the path from the stream source in a DP Source device to the
Stream Sink in a DP Sink device

VESA DisplayPort Standard MEMBER USE ONLY. DISTRIBUTION TO NON-MEMBERS IS PROHIBITED.  Ver.1.2
©Copyright 2007-2010 Video Electronics Standards Association Page 119 of 515



Source Payload Bandwidth Manager in a DP Source device receives the stream
bandwidth, calculates Payload Bandwidth Number (PBN) corresponding to the stream
bandwidth, forwards the PBN value via sideband communication, and sets the VC
Payload Bandwidth of its own downstream link by allocating sufficient time slots to the
VC Payload.

Branch Payload Bandwidth Manager in a DP Branch device receives and forwards the
PBN via sideband communication, and sets the VC Payload Bandwidth of its own
downstream link by allocating sufficient time slots to the VC Payload.

Instructs Main Link Symbol Mapping Layer how many time slots to allocate to a VC
Payload Allocation and when to enable/disable insertion of Stream Symbols from VC
Payload Mapping Layer into a VC Payload.

0 Link Management Layer

0 Present in every MST DP uPacket TX and DP uPacket RX
0 Present both in MST and SST modes (referred to as Link Policy Maker in SST-only devices)
0 Establishes and maintains Main Link through Link Training and Link Maintenance

Link Management Layer of uPacket TX instructs Main Link Symbol Mapping Layer to
transmit Link Training Patterns and, once Link Training is successful, to transmit
uPackets (called Multi-stream Transport Packet, or MTP) to keep the link enabled; also
monitors the status of the uPacket RX it is driving.

Link Management Layer of uPacket RX provides for ADJUST REQUEST for uPacket
TX drive setting optimization during Link Training, and keeps the link status information
up to date, generating IRQ_HPD pulse when it requires the attention of Link
Management Layer of the uPacket TX.

0 Main Link Symbol Mapping Layer

0 Present in every uPacket TX and uPacket RX
0 Enhanced for MST Isochronous Transport Service

Main Link Symbol Mapping Layer of uPacket TX transmits Link Training Patterns and
MTP Symbols as instructed by the Link Management Layer; also allocates time slots to a
VC Payload and controls the insertion of Stream Symbols coming from the VC Payload
Mapping Layer as instructed by the Payload Bandwidth Management Layer.

Main Link Symbol Mapping Layer of uPacket RX receives Main Link Symbols and
informs its Link Management Layer of the link quality; also keeps VC Payload allocation
synchronized with that of uPacket TX of the immediate upstream DP device and extracts
Stream Symbols from incoming MTP Symbols.

0 VC Payload Mapping Layer

0 Present per stream
0 Present both in MST mode and SST mode (Stream-to-TU Payload Mapping Layer)

VC Payload Mapping Layer in a DP Source device receives stream (both data and
control) from a stream source and converts it to Stream Symbols inserted into VC
Payload.

VC Payload Mapping Layer in a DP Sink device regenerates the stream from incoming
Stream Symbols.

VC Payload Mapping Layer in a DP Branch device passes through incoming Stream
Symbols from its upstream uPacket RX to its downstream uPacket TX in a manner that is
agnostic to stream data format/symbol type/lane count (that is, no symbol parsing
needed)
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If the first (or most upstream) DP Branch device is receiving Main Link Symbols

from a DP Source device in SST Mode, the VC Payload Mapping Layer of that

DP Branch device must perform more than Stream Symbol pass-through. How to
perform the conversion from SST Stream Symbols to MST Stream Symbols is an
implementation-specific choice.

If the last (or most downstream) DP Branch device is driving a DP Sink device in

SST mode, the VC Payload Mapping Layer of that DP Branch device must
perform more than Stream Symbol pass-through. How to perform the conversion
from MST Stream Symbols to SST Stream Symbols is an implementation-
specific choice.
Layers above DP Isochronous Transport Service Layers (that is, Virtual Channel Management Layer and
Application Layer) are application-/implementation-specific, and, therefore, are outside the scope of this
Standard. The DisplayPort Standard refers to the implementation guidelines of the Stream/Link Policy Maker.

2.4.3 Sideband CH Communications

As noted above, the Topology Management Layer, Payload Bandwidth Management Layer, and Link
Management Layer use Sideband CH communications for management. Sideband CH Communications take
place over AUX CH and HPD signal line.

In addition to AUX Transaction between DP device pair across a single link, Message Transaction across any
DP device pair over one or more links in the topology is available. Unlike AUX Transaction which is always
initiated by an upstream DP device, Message Transaction is full-duplex bidirectional, and can be initiated

either by an upstream DP device or a downstream DP device.

The Topology Management Layer and Payload Mapping Layer work across the topology, and therefore use
Message Transactions for management as well as DPCD access via Native AUX Transactions. Link
Management is across a single link between uPacket TX and uPacket Sink, and uses DPCD access only.
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2.5 Topology Management Layer

Topology Management layer using Messaging AUX Client, covered in Section 2.11 of this document, helps
the Topology Manager in a DP Source device (optional in a DP Sink device) determine what devices are in
the topology.

This section consists of the following subsections.

0 Primitives of MST DP Devices and Device Types (Section 2.5.1)

O Primitives of the MST DP devices are a uPacket TX, a uPacket RX, a branching unit, a stream
source, and a stream sink. MST DP Branch, Source, Sink, and Composite devices are comprised
of various combinations of these primitives.

0 MST Topologies (Section 2.5.2)

0 DP Branch devices of MST topology need to be MST devices supporting Topology Management
while the “end” device (DP Source, DP Sink, and Converter device) may be either MST or SST
device.

0 MST Device Identification (Section 2.5.3)

0 MST device with a branching unit is identified with Globally Unique Identifier (GUID) and
Relative Address (RAD). The end device that has no branching unit is identified as a “peer
device” connected to one of the ports of the MST device with a branching unit. A DP device with
uPacket RX with DPCD Revision number 1.2 or higher must have GUID field at DPCD
Addresses 00030h ~ 0003Fh.

0 Topology Manager and Topology Assistant (Section 2.5.4)

0 Topology Management is conducted through the collaboration between Topology Manager in
MST DP Source device (optionally in MST DP Sink device) and Topology Assistant in MST
device with a branching unit.

0 Topology Discovery (Section 2.5.5)

0 Topology Manager obtains information about the topology by using Native AUX transactions and
Messaging AUX Client, namely, LINK _ADDRESS Message Transaction. (Messaging AUX
Client is covered in Section 2.11. The amount of information obtained about the topology and the
use of the information is Topology Manager implementation-specific.

0 Topology Maintenance (Section 2.5.6)

0 Topology Manager receives notifications when DP devices and legacy devices are connected and
disconnected from the topology. These notifications are provided by Topology Assistants via
Messaging AUX Client, namely, CONNECTION_STATUS NOTIFY Message Transaction.

0 Topologies with SST-only Source devices (Section 2.5.7)
0 Topology option with SST Source Device is restricted.
0 Loop Handling (Section 2.5.8)

0 MST Topology Management feature provides for enough information for Topology Manager to
properly handle a topology with a loop and/or a parallel path.

2.5.1 Primitives of MST DP Devices and Device Types

Primitives of DP devices are a uPacket TX, a uPacket RX, a branching unit, a stream source, and a stream
sink.

The branching unit must meet the following requirements:

0 Must have both input and output ports and be capable of VC Payload routing from the input ports to the
output ports.

O Must have at least one input port and one output port.
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0 Must have no more than eight physical ports each of which is connected either to uPacket TX (output
port) or uPacket RX (input port). The physical port numbers of a branching unit are from Port 0x0 up to
Port 0x7. The physical input ports, if present, are assigned smaller port numbers than physical output
ports.

0 Must have no more than eight logical ports that are internally connected (and therefore, not connected to
uPacket TX/uPacket RX). Logical port numbers of a branching unit are from Port 0x08 up to Port OxF.
The logical input ports, if present, are assigned smaller port numbers than the logical output ports.
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Figure 2-53: Branching Unit

2511 Connection between Primitives: Physical Link and Logical Link

The connection between a uPacket TX and a uPacket RX is called a physical link while the connection
between a branching unit and a stream source/stream sink/another branching unit is called a logical link.

25.1.2 DP Branch Device

A DP device that has a branching unit, at least one uPacket TX and at least one uPacket RX, but has no
stream source/sink is called a DP Branch device.

A DP Branch device that supports MST mode is called an MST DP Branch device. An MST DP Branch
device must support Topology Management as Topology Assistant.

2513 DP Source Device
A DP device that has one or multiple stream sources, has one or multiple uPacket TXs, but has no uPacket
RX is called a DP Source device.

A DP Source device that supports MST mode is called an MST DP Source device. A MST DP Source device
must support Topology Management in order to play the role of Topology Manager.

2514 DP Sink Device

A DP device that has one or multiple stream sinks, has one or multiple uPacket RXs, but has no uPacket TX
is called a DP Sink device. As for the presence/absence of a branching unit within a DP Sink device, the
following rules apply;

0 A DP Sink device either with single main stream sinks or with a single main stream sink and a single SDP
stream has no branching unit inside.

0 A DP Sink device that has multiple main stream sinks has a branching unit inside, whether each main
stream sink has SDP stream sinks or not. The output port number of the branching unit is assigned to
Main/SDP Stream Router of each main stream sink as shown in Figure 2-54.

VESA DisplayPort Standard MEMBER USE ONLY. DISTRIBUTION TO NON-MEMBERS IS PROHIBITED.  Ver.1.2
©Copyright 2007-2010 Video Electronics Standards Association Page 123 of 515



0 A DP Sink device that has a single stream sink and multiple SDP stream sinks has a branching unit with
one input port and one output port as shown in Figure 2-55.

0 A DP Sink device that has no main stream sink, but has multiple SDP stream sinks has a branching unit
with one input port and one output port as shown in Figure 2-56.
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Figure 2-54: MST Multi-sink Device with Multiple Main Stream Sinks and SDP Sinks
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Figure 2-55: MST Sink Device with Single Main Stream Sink and Multiple SDP Sinks

A DP Sink device with a branching unit must support Topology Management as Topology Assistant. A DP
Sink device may choose to play the role of Topology Manager.
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Figure 2-56: MST Audio-only Sink Device with SDP Sinks

2.5.15 DP Composite Device

A DP Branch device with either stream source(s) or stream sink(s) is called a DP Composite device. The DP
Composite device must support Topology Management as Topology Assistant.

2.5.2 MST Topologies
The DisplayPort 1.2 Standard supports interconnections of MST and SST DP devices into topologies. The

Branch devices of the MST topology must be MST Branch devices. SST devices are allowed in the topology
only as the end devices such as SST DP Source devices and SST DP Sink devices.

Topology Management is an MST feature; therefore, Topology Management is not supported by SST devices.
An SST device is identified by the MST Topology Management layer as a peer device connected to an MST
Branch device.

The maximum number of links between a stream source to a stream sink must be 15 or fewer. Of these, the
maximum number of physical links is limited to seven. Figure 2-57: shows an example MST topology where
all DP Source and Branch devices are MST devices supporting Topology Management and all DP Sink
devices are those that have no branching unit.
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Figure 2-57: Example MST (Multi-stream Transport) Topology
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2.5.3 MST Device Identification

The Topology Management layer uniquely identifies each MST DP device with a branching unit within the
topology. Globally Unique ID (GUID) and Relative Address (RAD) are used for the identification. Those
devices that do not support Topology Management, namely MST DP devices that have no branching unit and
SST devices, are identified as peer devices connected to the ports of the MST devices with a branching unit.

25.3.1 Global Unique Identifier, GUID

MST DP devices may perform more than one function. For example, an MST DP Sink device may contain an
USB hub. In such cases, the system needs to know that both functions are within the same physical unit.

Depending on the topology, it is possible for a single physical device to be accessed through multiple paths.
In such situations, the Topology Manager must be able to infer that the physical device is the same, thereby
reducing end user confusion in user interface. The 16-byte GUID, accessible through DPCD access, is used
for these identification purposes.

All the devices with uPacket RX with DPCD Revision number 1.2 or higher must have GUID at DPCD
Addresses 00030h ~ 0003Fh. For those devices with their own unique GUID, this GUID field is read-only.
For those devices with DPCD Revision number 1.2 or higher, but the GUID field is all zeros as power-on
reset value, the GUID field is both writable and readable.

In case there is an integrated USB or USB hub device, the GUID must match the GUID in the Container
Descriptor of the integrated USB device or hub. All functions within the physical MST DP device must report
the same GUID.

253.2 Relative Address (RAD)

Each MST DP device port is addressable using a relative address (RAD). The RAD is relative to the MST DP
device. Each RAD is a sequence of port numbers. For visual purposes, each port number is separated by a
decimal, .. In the example topology in Figure 2-58: , Sink 1’s RAD relative to Source 2 is 0.2.2.1. A
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message from Source 1 must be sent out port 1 of Source 1, port 2 of Branch 1, port 2 of Branch 2 and out
port 1 of Branch 3 in order to reach Sink 1. The RAD of Source 1 relative to Sink 1 is 0.0.0. A message from
Sink 1 must be sent out port 0 of Sink 1, port 0 of Branch 3, and port 0 of Branch 2 in order to reach Source 1.
The RAD for all the Sink devices relative to the Source devices in the same figure is given in the following

table.
0 Oi
0
Branch #1
0 1 0
Branch #2 Branch #4
2 2
Y 0
Branch #3 Branch #5
0] (0] 0 0
Relative Address of Devices Accessible from Source 1 Relative Address of Devices Accessible from Source 2
Device Relative Address Device Relative Address
Branch 2 0 Branch 1 0
Branch 3 0.2 Branch 2 0.2
Sink 1 0.2.1 Branch 3 0.2.2
Sink 2 0.2.2 Sink1 0221
Sink 2 0.2.2.2
Branch 4 0.1
Sink 3 0.1.1
Branch 5 0.1.2
Sink 4 0.1.2.1
Sink 5 0.1.2.2

Figure 2-58: Example Topology with RAD of Devices Relative to Source Devices

2.5.4 Topology Manager and Topology Assistant

The Topology Management layer in a MST Source device (or optionally in an MST Sink device) is called the
Topology Manager while the Topology Management layer in a MST device with a branching unit is called
the Topology Assistant.

254.1 Topology Manager

The Topology Manager is responsible for generating and maintaining the “DP device to RAD” table. The
Topology Manager uses local Native AUX transactions and Message Transactions to build and maintain the
table. How the Topology Manager builds and maintains the table is described in the subsequent sections.

2.5.4.2 Topology Assistant

Topology Assistant is the name of the Topology Management layer in a MST device with a branching unit.
The Topology Assistant uses local Native AUX transactions to gather information of peer devices connected
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to it and provides for the information as requested by the Topology Manager. The information provided by
Topology Assistants is described later in this section.

2.5.5 Topology Discovery

The goal of Topology Discovery is stream policy maker implementation-specific. The goal may be to find the
closest DP Sink device; build a DP Sink device to RAD table; or graphically display the topology showing
each device and its associated interconnections.

2551 Topology Manager

The Topology Manager uses Native AUX transactions and Message Transactions to implement its Topology
Discovery algorithm. Upon power up, the Topology Manager monitors the connection status of its local
downstream ports via the HPD signal of each port. When a device is connected to one of its DP ports, the
Topology Manager reads the capabilities of the immediate downstream DisplayPort device using Native AUX
transactions. The device capabilities include the device type and whether Messaging is supported. If the
connected device (that is, the peer device) is an MST device with a branching unit, the Topology Manager can
instruct the Messaging AUX Client to send a LINK _ADDRESS message transaction request to the device to
determine the device Global Unique Identifier, GUID, the number of input and output ports and the type and
capabilities of devices connected to the device’s input and output ports (called Peer Device Types). The
Topology Manager, using the information obtained from the LINK ADDRESS message transaction response,
can further send LINK ADDRESS messages to other MST DP devices containing branching units until the
goal of its Topology Discovery is met.

2.5.5.2 Topology Assistant

The responsibility of the Topology Assistant in an MST device with a branching unit during the Topology
Discovery procedure is to reply to the LINK _ADDRESS Request Message Transaction with its capabilities
and the Peer Device Type of each DP device connected to its DP uPacket TX and RX ports (either physical or
logical).The Topology Manager gathers the information of the peer devices using Native AUX transactions.

2.5.6 Topology Maintenance

Topology Maintenance is the continual monitoring for DP device connection or removal from the topology.
The Topology Assistant within each MST DP Branch/Composite device is responsible for detecting and
notifying the Topology Managers when devices are connected or removed. What the Topology Manager does
with this notification is implementation-specific.

2.5.6.1 Topology Manager

During Topology Maintenance, the Topology Manager may receive CONNECTION STATUS NOTIFY
Broadcast Request Message Transactions when MST DP Branch devices are connected to or disconnected
from the topology. The following information is provided with the CONNECTION STATUS NOTIFY
Broadcast Request Message Transaction: the GUID of the MST device where the connection change was
detected; the port number on the device and whether the port is an input or output where the connection
change was detected; the new connection status for the port where the connection change was detected; the
peer device type if a new DP device was connected; and whether the newly connected DP device supports
Messaging. How the Topology Manager uses this information is implementation-specific. The notification
may be ignored if not required.

2.5.6.2 Topology Assistant

Once an MST DP device with a branching unit powers on, it continually monitors the connection status of
each of its input and output ports using the connection mechanism associated with the corresponding port
type, HPD for DP uPacket TX ports and cable termination for DP uPacket RX ports. All internal DP Sinks of
a logical branch device are connected by default. When the connection status of any DP port changes, the new
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status is broadcast out to all connected DP uPacket TX and RX ports using the
CONNECTION_STATUS NOTIFY Broadcast Message Transaction request. The Topology Assistant
continues monitoring its DP uPacket TX and RX ports for connection changes. The Topology Assistant may
receive one or more LINK _ADDRESS Message Transaction requests. Each LINK _ADDRESS request will
be handled the same as during the Topology Discovery procedure.

2.5.7 Topologies with SST-only Source devices

When a topology contains one or more SST-only DP Source devices, the MST DP Branch device connected
to the SST-only DP Source devices must perform the SST-only Topology Management function. The MST
DP Branch device recognizes the upstream device as the SST-only device when the upstream device keeps
UP_REQ EN bit cleared to 0. An MST upstream device may act and be treated as an SST-only device by not
setting UP_REQ EN bitto 1.

The SST-only Topology Management function is a basic input to output port selection. The MST DP Branch
device connected to an SST-only Source device acts as an SST-only Branch device as described in Section
5.3. An MST Branch device acting as an SST-only Branch device must not perform SST input to MST output
conversion.

A uPacket TX of an MST DP Source device may choose to transmit in SST transport format (that is, keeps
MST _EN bit of the downstream device cleared to 0) while setting the UP_ REQ_EN bit to 1, as long as it
performs the role of Topology Manager and Source Payload Bandwidth Manager and originates Message
Transactions for virtual channel management prior to SST stream transmission. Once the MST DP Source
device establishes the virtual channel via Message Transactions and transmits in SST transport format, the
MST DP Branch device must convert the SST input into MST output.

2.5.8 Loop Handling

While DP MST topologies should be constructed without loops or parallel paths, the Topology Manager must
be able to handle the case where loops or parallel paths exist.

The GUID obtained from the LINK ADDRESS Message Transaction request and the RAD of the DP device
queried provide for enough information to determine whether a loop or parallel path in the topology exists.
The path chosen to access a DP device accessible through multiple paths is Topology Manager
implementation-specific, including the handling of a topology that has a loop and/or a parallel path. An
example topology with a loop and parallel path is shown in Figure 2-59 along with the GUID and RAD for
the loop and parallel path.
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0

Branch #1 (GUID 1)

Branch #3 (GUID 3)

2

0

Branch #4 (GUID 4)

Branch #5 (GUID 5)

2

0

Branch #6 (GUID 6)

RAD for Parallel Paths to Branch #5 with GUID 5 RADs to Branch #3 with GUID 3 indicating a loop
0.1.2 0.2
0.2.2.1 0.2.2.1 Do not use any path to any DP node using Branch 4 port 3

Figure 2-59: MST Topology with a Loop and a Parallel Path

The procedure the Messaging AUX client uses for handling Broadcast Message Transaction when loops are
present is defined in Section 2.11.
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2.6 Multi-Stream Transport Operation

The Multi-Stream Transport (MST) Extension Specification described in this section achieves the following
features:

0 Transport of multiple streams that are asynchronous with one another and decoupled from the link timing,
with the packetizing overhead as small as 1.6%.

0 Addition or deletion of a stream without affecting the other streams being transported

0 Symbol Stream Sequence pass-through operation of DP Branch devices in the path (except those
performing the conversion between MST and SST symbol mapping) is agnostic to symbol types, data
types/format, and Main Link lane count

0 Robust link; predictable link timing and redundancy in VC Payload symbol transmission (regardless of
the lane count)

The DP devices that support MST mode must support SST mode as well.

This section focuses on Main Link Symbol Management Layer, Payload Bandwidth Management Layer and
VC Payload Mapping Layer (Figure 2-60: ) and consists of the subsections summarized below.

Application Layer

*
*

Stream
Source(s)

i OS/Apps

Virtual Channel Management Layer

Stream Policy Maker

- = [ | i

S G £5
T3 Stream | | BT E
= to-VC | 225

" = o Payload | B §

- . ¥ | m

o =2 Mapping(s) | =

@© O ®© |

- 8 — \

o ~ Main Link Symbol | Link
— Mapping } Management
ol |
L | |

Figure 2-60: Layers Covered in this Section
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0 Link Timing Generation Based on Multi-Stream Transport Packet (Section 2.6.1)

0 The timing is self-generated by Main Link Symbol Manager, rather than dictated by the timing of
the stream being transported.

0 Symbol Sequence Mapping into VC Payload (Section 2.6.2)

0 Symbol Sequence mapped into VC Payload consists of 4-symbol sequence units regardless of the
Main Link lane count.

0 Only a DP Source device generates Stream Symbol Sequence, while a DP Branch device
forwards the Stream Symbol Sequence.

0 VC Payload Fill (VCPF) Symbol Sequence is inserted by Main Link Symbol Manager in the
absence of Stream Symbols. Stream Symbol Sequence mapped by VC Payload Mapper replaces
VCPF Symbol Sequence when streams are transported.

0 VC Payload Symbol Generation method in MST mode enables pass-through of Stream Symbols
by the intermediate DP Branch Devices.

0 Time Slot Count Allocation to VC Payload (Section 2.6.3)

0 Source Payload Bandwidth Manager and Branch Payload Bandwidth Managers collaborate to
ensure that a stream be transported in the VC Payloads established for the stream over the path
without causing overflow. Source Payload Bandwidth Manager calculates Payload Bandwidth
Number (PBN) for a stream and passes the PBN value to the downstream Branch devices to let
the Branch Payload Bandwidth Managers determine the VC Payload size in time slot count per
MTP.

0 Source and Branch Payload Bandwidth Managers make sure that the VC Payloads are set to the
smallest possible size so that the maximum number of streams may be transported simultaneously.
A Source device performs the rate governing and evenly distributes the number of Stream
Symbols over multiple MTPs by throttling the Stream Symbol Sequence insertion rate.

0 VC Payload Allocation Synchronization Management (Section 2.6.4)

0 VC Payload is managed by synchronizing the VC Payload ID Tables between uPacket TX and
uPacket RX and also by synchronizing the VC Payload allocation over the Main Link to the table.

0 ALLOCATE PAYLOAD Timing Sequence (Section 2.6.5)

0 ALLOCATE PAYLOAD Message Transaction keeps the VC Payloads over multiple links
between a stream source and a stream sink synchronized.

0 Impacts of Various Events on VC Payload ID Table (Section 2.6.6)
0 Some events such as unplug event and loss of link affect the VC Payload ID Tables.
0 Robustness Requirement (Section 2.6.7)

0 Certain actions are required for uPacket RX to make the link as robust as possible by taking
advantage of the self-generated Link timing and VC Payload Symbol generating methods of the
MST uPacket TX.

0 Control Functions, Control Symbols and K-Code Assignment (Section 2.6.8)

0 Control Symbols are mapped to ANS8B/10B K-codes. Most of the Control Symbols as well as all
the Data Symbols are scrambled.

0 Conversion Between MST and SST Symbol Mapping (Section 2.6.9)

VESA DisplayPort Standard MEMBER USE ONLY. DISTRIBUTION TO NON-MEMBERS IS PROHIBITED.  Ver.1.2
©Copyright 2007-2010 Video Electronics Standards Association Page 132 of 515



0 Simple pass-through operation does not apply to those DP Branch Devices converting from MST-

mapped symbols to SST-mapped symbols (or vice versa).

0 Switching between MST mode and SST mode results in the interruption to the transport of

streams.

Figure 2-61:, Figure 2-62: and Figure 2-63: show the logical block diagrams of MST DP Source Device, DP
Sink Device, and DP Branch Device, respectively. These diagrams are zoomed in and described in Section

2.6.1 and Section 2.6.2.
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Figure 2-61: Logical Block Diagram of MST DP Source Device
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Figure 2-62: Logical Block Diagram of MST DP Sink Device
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Figure 2-64: and Figure 2-65: show the logic block diagrams of SST DP Source device and DP Sink device
for reference purpose. These diagrams, when compared to Figure 2-61: and Figure 2-62: illustrate the
similarity of VC Payload Mapping Layer blocks between SST in 4-lane configuration and MST.
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Figure 2-65: Logical Block Diagram of SST DP Sink Device

2.6.1 Link Timing Generation Based on Multi-Stream Transport Packet

A uPacket TX enables an MST mode by setting MSTM_EN bit to 1 via Native AUX WR after having
verified that its downstream uPacket RX has the MSTM_CAP bit set to 1.

In SST mode, Main Link timing is governed by the timing of the main stream the link it is transporting in that
the BS/SR symbol insertion interval is dictated by the horizontal period of the main video stream. The TU
(transfer unit), the vessel of micro packets in SST mode, is transported only during main video stream active
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period. In MST mode, Main Link timing is self-generated and is not governed by the timing of the
transported streams. The vessel of uPackets is called MTP (Multi-Stream Transport Packet). The MTP is 64
link-symbol cycles (that is, 64 time slots) long, starting with MTP Header in the first time slot (or Time Slot
0), and is constantly transported regardless of the presence/absence of streams.

Main Link Symbol Manager of uPacket TX inserts SR Control Symbol to MTP Header time slot every 1024"™
MTP as a Link Frame boundary marker, resulting in SR insertion interval of 2'° time slots as shown in Figure

2-66: .
— I —
SR X
-]
MTP Header Symbol S
Symbol —
Generator Non-SR o
MTP Header E
| Symbol | = v
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= ) >
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Figure 2-66: Link Timing Generation in MST Mode

2.6.2 Symbol Sequence Mapping into VC Payload

The Payload Bandwidth Manager of each uPacket TX in the path from a DP Source to a target Sink device
allocates time slots within the MTP to a VC Payload to establish the virtual channel for transporting a stream.

When no time slot is allocated for any VC Payload, all 63 non-MTPH time slots are filled with data 0x00
(before data scrambling) as shown in Figure 2-67:.
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Figure 2-67: Time Slot Allocation to VC Payload

Two types of Symbol Sequences are mapped to the VC Payload time slots.
0 Stream Symbol Sequence generated by VC Payload Mapper of a DP Source device

0 VC Payload Fill (VCPF) Symbol Sequence generated by Main Link Symbol Manager of a DP Source
device and DP Branch devices

A Stream Symbol Sequence generator is present only in a DP Source device. A DP Branch device generates
VCPF Symbol Sequence, but no a Stream Symbol Sequence. Rather, the DP Branch device forwards the
Stream Symbol Sequence received from the upstream DP device. When there is no Stream Symbol Sequence
to forward, the Branch device transmits the VCPF Symbol Sequence it generates.

Both Symbol Sequences consist of a unit of 4 symbols, regardless of the lane count as shown in Figure 2-68: .

Upon the establishing a new VC Payload, a uPacket TX sends VCPF Symbol Sequence as the default symbol
sequence for at least 16 MTPs before starting the transmission of Stream Symbol Sequences. When there is
no Stream Symbol Sequence to insert, the uPacket TX continues transmitting VCPF Symbol Sequence.
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Figure 2-68: VC Payload Symbol Generator of a DP Source Device

When a uPacket TX is driving 4 lanes, the 4-symbol sequence unit, Sym_x, Sym_y, Sym_z, and Sym_aa
(Sym = C for Control Symbol, and D for Data Symbol) are mapped into the single time slot in the VC
Payload time slots. For 2- and 1-lane configurations, the 4-symbol sequence unit is sequentially mapped as
shown Figure 2-69: .
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Figure 2-69: 4-symbol Sequence Unit Mapping to Main Link lanes

The 4-symbol sequence unit pattern repeats itself when the VC Payload for a given stream is concatenated as
shown in Figure 2-70:. As can be seen in the diagram, the 4-symbol sequence unit may straddle the VC
Payload boundary of a given stream in an MTP.
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Table 2-60: below summarizes the VC Payload Control Symbol Sequences.
Table 2-60: Summary of VC Payload Control Symbol Sequence

VC Payload Symbol Name Control Code Sequence
Control Symbol Sequence '
VC Payload Fill Control VCPF C0-C1-C2-C3*
Stream Control
Stream Framing Control | BS C0-C0-C0-CO
BE C1-C1-C1-C1
SS C3-C3-C3-C3
SE C6-C6-C6-C6
Stream Fill Control | SF C4-C4-C4-C4

Note 1: VCPF symbols are generated either by a DP Source device for rate governing or a DP Branch device
when there is no stream symbol from the upstream device to forward to the downstream link. Stream symbols
are generated by a DP Source device, not a DP Branch device.

Note 2: C0, C1, C2, and C3 correspond to Sym_x, Sym_y, Sym z, and Sym_aa in Figure 2-69.

The subject of Control Code to ANSISB/10B K code mapping is described in Section 2.6.8.

2.6.2.1 VC Payload Fill (VCPF) Symbol Sequence

The VCPF Symbol Sequence inserted by Main Link Symbol Manager consists of four Control Symbols as
shown in Table 2-60: .

When no Stream Symbols to transmit while the link is enabled, the uPacket TX repeats sending VCPF
Symbol Sequence.

The VCPF Symbol Sequence is the only control sequence designed to allow for robust detection of the correct
phase in the presence of bit errors. A single, isolated bit error cannot convert a non-VCPF Symbol Sequence
into a false VCPF Symbol Sequence. With all other control sequences, a single bit error could cause a phase
detection error. uPacket RX devices must use only the VCPF Symbol Sequence to detect the phase of the 4-
symbol sequence unit mapping to main link lanes in the 1- and 2-lane cases. uPacket RX devices must

continuously implement phase error correction to ensure recovery from any loss of 4-symbol sequence phase
lock.

2.6.2.2 Stream Symbol Sequence

Stream Symbols consist of Data Symbols and Control Symbols.
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Control Symbols

0 Stream Framing Control Symbols, namely, BS, BE, SS, and SE
0 Stream Fill Control Symbols

0 SF symbols are inserted when Rate Governor in a DP Source device selects Stream Symbol
Sequence Generator side of Payload MUX (Figure 2-68: ), but VC Payload Mapper has no
meaningful Stream Symbol Sequence to insert.

0 During the blanking period of the main video stream, SF symbols are inserted by a DP Source
device by default as there are no meaningful Stream Symbol Sequences to insert. Those SF
symbols during the blanking period are replaced with Stream Framing Control Symbols, VB-ID
Packet (namely, VB-ID, Mvid7:0, Maud7:0 immediately following BS Control Symbol
Sequence), MSA Packet, and Secondary-Data Packets.

Control Code Sequence of the Stream Control Symbols is listed in Table 2-60: .

In SST mode, every 512" BS is replaced with SR for scrambler reset. In other words, BS is used not only as
Stream Framing Control Symbol (blanking start, corresponding to Display Enable falling edge of the main
video stream) but also as Link Timing Control Symbol, that is, SR as the Link Frame boundary and BS as the
Link Line boundary. In order to enhance the error immunity of BS and SR Control Symbols, the SST has the
Enhanced Framing Symbol Sequence option for BS and SR with which each of these two consists of 4
Control Symbols per lane.

In MST mode, the Link Frame boundary (SR, inserted once in 2'° time slots) is completely decoupled from
the timing of the stream the link is transporting. The BS symbol sequence is used as Stream Framing Control
Symbol only and is never replaced with SR. The BS symbol sequence consists of 4-symbols regardless of the
lane count..

Note: There is no Control Symbol marking the Link Line boundary in the MST mode. It should be noted,
however, that a notion of a Link Line may be established for any upper layer protocol that requires Link Line
boundary by setting the Link Line boundaries relative to the Link Frame boundary which is fixed to 2'® time
slots. For example, there will be 32 Link Lines per Link Frame if the Link Line interval is set to 32 MTP’s.

Data Symbols

0 Main Stream Data Symbols

0 VB-ID Packet (VB-ID/Mvid7:0/Maud7:0)

0 MSA Packet Data Symbols

0 Secondary-Data Packet (SDP) Data Symbols including Parity Byte Symbols

Stream Data Symbol mapping of MST mode is identical to that of SST mode in 4-lane Main Link
configuration.

The AV stream is mapped into VC Payload time slots of the stream as shown in Figure 2-71: in MST mode
regardless of the Main Link lane count the uPacket TX is driving. In case the lane count is 1- or 2- lanes, the
Lane Count Adjust block (Figure 2-68: ) sequentially maps to the lane count as shown in Figure 2-69: .
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Figure 2-71: AV Stream Mapping in MST Mode After VC Payloads for a Given Main Video Stream
are Concatenated and VC Payload Fill (VCPF) Symbol Sequences Removed

2.6.2.3 SDP Transport in MST Mode
Figure 2-72: , Figure 2-73: , and Figure 2-74: show the logical block diagrams of Stream-to-VC Payload

Mapping Layer of DP Source Device, DP Sink Device, and DP Branch Device, respectively.
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Figure 2-73: DP Sink Device VC Payload Mapping Logical Block Diagram
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Figure 2-74: Pass-through DP Branch Device VC Payload Mapping Logical Block Diagram

From a stream interface standpoint, the VC Payload Mapping Layer is analogous to the Stream-to-Link
Symbol Mapping Layer of SST mode. MST mode extension decouples the transport from the stream
generation, but re-uses the part of the structure of the Stream-to-Link Symbol Mapping Layer in SST mode in
order to allow for commonality in implementation of the MST and SST systems. As is the case with Stream-

to-Link Symbol Mapping Layer in SST mode, VC Payload Mapping Layer can receive a main stream and one
or more SDP streams.

There are three notable differences between MST mode and SST mode concerning the transport of SDP.

0 Number of time slots available for SDP transport
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0 Splitting of SDP

0 Transport of SDP-only without a main stream

2.6.2.3.1 Number of Data Symbols Available for SDP Transport (Informative)

In MST mode, Main Link Symbol Mapper of uPacket TX reads symbols from VC Payload Mapper in a DP
Source device on every link symbol clock edge when the Rate Governor selects the Stream Symbol Sequence
Generator side of Payload MUX during the VC Payload time slots for the stream. When there is no main
stream data and VB-ID Packet/MSA Packet to transmit, SDP may be transported.

This sub-section is informative as the number of SDP payloads to be transported is dependent on how the
Source device packs the SDP. In this section, the example is shown where the SDP payload size is fixed to 32
bytes. Concatenating the payloads within a single SDP reduces the time slot usage overhead for SDP header
and SE symbol insertion, and thus increases the data symbols available for SDP payload transport.

The number of MTPs per main video stream horizontal blanking period (MtpCntPerHBlank) is:

t HBlank
64*t _TimeSlot

MtpCntPerHBlank =

where t HBlank is the main video stream horizontal blanking period and t TimeSlot is the link time slot
period (that is, the Link Symbol Clock period).

The number of Stream Symbols per t HBlank (StrmSymblCntPerHBIlank) is:
StrmSmyblICntPerHBIlank = MtpCntPerBlank *Throttled VCP _SIZE * LaneCnt

where LaneCnt is the lane count of the main link.

During t Blank, BS, VB-ID Packet, and BE symbol sequence must be sent, resulting in 20 of
StrmSymblCntPerBlank used for these symbols. Therefore, the number of Stream Symbols available for SDP
is as follows:

StrmSymbICntForSdpPerHBlank = StrmSymblCntPerHBlank — 20
SDP data has an overhead of SS, SE, Header, and Parity. SdpDataEfficiency is:

SdpDataSize
SdpDataSize + SdpOverhead

SdpDataEfficiency =

When the SDP data size is 32 bytes, for example, the total overhead is 24 bytes. Therefore,
SdpDataEfficiency becomes:

32 4
32+24 7
The number of symbols available for SDP Data per t HBlank (SdpDataSymbolCnt) is:
SdpDataSmbICnt = StrmSymblCntForSdpPerHBIlank * SdpDataEfficiency

SdpDataEfficiency =

The resulting SdpDataRate is:
SdpDataRate = SdpDataSmbICnt/t _ HPeriod

The SdpDataRate must be equal to or larger than the peak data rate of the stream packed into the SDPs.
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2.6.2.3.2 Splitting of SDP

In MST mode, a DP Source device has an option of SDP splitting. The SDP splitting is the process of splitting
SDPs with main stream including BE/BS symbol sequence, associated data (VBID/Mvid7:0 /Maud7:0), and
MSA Packet, as shown in Figure 2-75: .

There is only one level of splitting allowed in MST mode. The SDP splitting by another SDP is prohibited.
The SDP stream may be interrupted at any time, and may additionally be interrupted more than once (for
example in the case where the horizontal blank is very short and secondary packet length is long). Interruption
and resumption of the SDP must take place at the 4-symbol sequence boundary.

DP Sink Device in MST mode must be capable of reassembling the nested SDP.

Secor)dary Packet Nominal SDP
Location
| I 1
|
VB-ID Packet (and MSA | VB-ID Packet
Packet if present) : (and MSA Packet
: if present)
o |
Nested Secondary Packet Split across VB-ID Packet SDP
VB-ID Packet and MSA Packet SDP (and MSA Packet (continued)
if present)

| |
| |
| |
| |

Figure 2-75: SDP Splitting

2.6.2.3.3 SDP-only Transport without Main Stream
MST mode, as is the case with SST mode, supports the transport of SDP-only stream without main stream,

such as an audio-only stream without main video stream. In this condition, BS Control Symbol Sequence
followed by VB-ID Packet is inserted every 1024 time slot of the VC Payload where the SDP is transported.

2.6.2.3.4 No SDP/Main Stream

Even if neither a SDP stream nor main stream is being sent, the BS Control Symbol Sequence followed by
VB-ID Packet is inserted every 1024™ time slot of the VC Payload replacing SF Symbol Sequences as long as
the DP Source device sets the Rate Governing block to select the Stream Symbol Generator side of VC
Payload Multiplexer. The DP Source device may stop the insertion of Stream Symbols by always selecting
the VCPF Symbol Sequence (which is by setting the TARGET Average StreamSymbolTimeSlotPerMTP to
0.0, as described in the next section).

2.6.3 Time Slot Count Allocation to VC Payload

Aside from the MTP Header time slot, the remaining 63 time slots of the MTP are available for allocation to
one or multiple VC Payloads. The layer that manages the allocation of the time slots to VC Payloads is the
Payload Bandwidth Manager.
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There are two types of Payload Bandwidth Managers, one in an MST DP Source device called “Source
Payload Bandwidth Manager” and the other in MST DP Branch devices called “Branch Payload Bandwidth
Manager”. Working together, Source and Branch Payload Bandwidth Managers make sure of the following:

0 Allocate enough bandwidth to the VC Payloads constituting the virtual channel from the Source device to
the target Sink device for transporting a stream without causing overflow of buffers in the path

0 Minimize the VC Payload bandwidth allocation overhead so that the number of streams transported over
the DP links can be maximized
Source Payload Bandwidth Manager has the following responsibilities:

0 Determine the peak bandwidth of a stream it needs to transport

0 From the peak stream bandwidth, calculates the Payload Bandwidth Number (or PBN) value for the
stream to be transported and passes the PBN value to the downstream Branch devices via
ALLOCATE_PAYLOAD message transaction

0 Calculate the VC Payload size in time slot count of the link it is driving and throttles the Stream Symbol

Sequence insertion rate so that transmission of the Stream Symbol Sequence is evenly distributed over
multiple MTPs

Branch Payload Bandwidth Manager has the following responsibility:

0 Upon receiving the PBN value, calculates the smallest possible VC Payload size in time slot count of the
link it is driving that provides for enough bandwidth for the PBN value.

The interaction between Source Payload Bandwidth Manager and Branch Payload Bandwidth Manager is
shown in Figure 2-76 below.
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Figure 2-76: Bandwidth Management by Payload Bandwidth Manager

2.6.3.1 PBN Value Calculation by a Source Payload Bandwidth Manager

The PBN is an integer number calculated by Source Payload Bandwidth Manager representing a peak
bandwidth of a stream to be transported in a VC Payload. The PBN value has the unit of 54/64Mbytes/sec.
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Note: The unit of 54/64Mbytes/sec is an arbitrary unit chosen based on common multiplier to render an
integer PBN for all link rate/lane counts combinations

The Source Payload Bandwidth Manager calculates a PBN value using a peak stream bandwidth value. The
calculated value is likely to have a fraction. The Source Payload Bandwidth manager adds 0.6% margin to the
calculated fractional PBN value and rounds it up to the nearest integer. This integer PBN value is the one the
Source Payload Bandwidth Manager passes to downstream Branch devices.

The 0.6% margin accounts both for the deviation of the link rate driven by a downstream DP Branch device
(as small as nominal link rate minus 5300ppm, or 0.53%, including link rate down-spreading) and of the link
rate driven by the DP Source device itself (as large as nominal link rate plus 300ppm, or 0.03%).

The following example show how the PBN value is determined for a pixel stream with the pixel rate of
154Mpixels/sec (that is, WUXGA, 1920x1200 at 60Hz of vertical frame rate with reduced horizontal
blanking) and the pixel data size of 30 bits per pixel (or 3.75 bytes per pixel).

PeakPixelBandwidth
=154MHz *30BitsPerPixel / 8 BitsPerByte
=577.5Mbytes/sec
1
54/64Mbytes/sec/ PBN

=577.5Mbytes/sec*

= 684.444PBN
ADDITION OF 0.6% MARGIN
CEIL(684.444*1.006) = 689PBN

2.6.3.2 VC Payload Size Determination by Branch Payload Bandwidth Manager
The unit of the PBN value simplifies the task of determining the VC Payload size in time slot count for the
Branch Payload Bandwidth Manager. The Branch Payload Bandwidth Manager determines the VC Payload
size in time slot count per MTP as follows:

VCPayload Size Branch

=CEIL(PBN _Value/VCPayload Bandwdith for OneTimeSlotPerMTP_ Allocation)
For example, 4-lane Main Link at RBR (1.62Gbps) has a link bandwidth of 648Mbytes/sec. When the Branch

Payload Bandwidth Manager allocates one time slot per MTP to a VC Payload, the resulting VC Payload
Bandwidth is 648Mbytes/sec * 1 time slot/64 time slots, which is equal to 12 * 54/64Mbytes/sec or 12 PBN.

For the above pixel stream with the PBN value of 689, the Branch Payload Bandwidth Manager driving its
downstream Main Link at RBR over 4 lanes sets the VC Payload size in time slot count per MTP as follows:

VCPayload _Size Branch=CEIL(689PBN /12PBN /TimeSlotPerMTP) = 58TimeSlots/ MTP

The uPacket TX of a Branch device may be driving the link at a rate lower than the nominal link rate due to
down-spread (0.5% maximum from the nominal) and the reference clock variation (+/-300ppm or +/-0.03%
from the nominal). As noted earlier, the Source Payload Bandwidth Manager adds 0.6% margin when it
calculates to account for those deviations.

The VC Payload bandwidths in PBN value when one time slot is allocated per every MTP for various link
configurations are shown in Table 2-61: below.
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Table 2-61: VC Payload Bandwidth for One Time Slot per MTP Allocation for Various Link

Configurations
Link Configuration Nominal Link Bandwidth VC Payload Bandwidth in PBN
(excluding ANS8B/10B channel value when one time slot per every
coding overhead) MTP allocated
RBR, 1 lane 162Mbytes/sec 3 PBN
RBR, 2 lanes 324Mbytes/sec 6 PBN
RBR, 4 lanes 648Mbytes/sec 12 PBN
HBR, 1 lane 270Mbytes/sec 5 PBN
HBR, 2 lanes 540Mbytes/sec 10 PBN
HBR, 4 lanes 1080Mbytes/sec 20 PBN
HBR2, 1 lane 540Mbytes/sec 10 PBN
HBR2, 2 lanes 1080Mbytes/sec 20 PBN
HBR2, 4 lanes 2160Mbytes/sec 40 PBN

VC Payload Size Determination by a Source Payload Bandwidth Manager

As noted earlier, it is only a DP Source device that generates Stream Symbol Sequences. The Source Payload
Bandwidth Manager calculates the average Stream Symbol time slots per MTP over the link it is driving (that
is, between the Source device and the first device with a Branching Unit) as follows:

Average StreamSymbolTimeSlotsPerMTP = PeakStreamBandwdith/ LinkBandwidth * 64
The Source Payload Bandwidth Manager rounds up the Average StreamSymbolTimeSlotsperMTP to set the
VCPayload Size Source as follows:

VCPayload Size Source
= CEIL(Average StreamSymbolTimeSlotsPerMTP = PeakStreamBandwdith/ LinkBandwidth * 64)

The Source Payload Bandwidth Manager throttles Stream Symbol insertion rate so that the average of Stream
Symbol time slots per MTP is evenly distributed to TARGET _Average StreamSymbolTimeSlots PerMTP.

TARGET _ Average StreamSymbolTimeSlotsPerMTP =TS INT+TS _FRAC enum/TS FRAC denom

where TS _INT is an integer, and TS FRAC enum/TS FRAC denom is a simplified fraction.

The TARGET Average StreamSymbolPerMTP value must not be smaller than the Average StreamSymbol
TimeSlotsPerMTP. The TARGET Average StreamSymbolPerMTP may be higher than the Average
StreamSymbolPerMTP as long as the following condition is met

Maximum TARGET _Average StreamSymbolTimeSlotsPerMTP
<=PBN Value to DownstreamBranchDevices/(LinkBandwdith Source *54)

where LinkBandwidth Source is the bandwidth of the link Source device is driving.

For 4-lane Main Link, the number of Stream Symbol time slots per MTP fluctuates between TS INT and
[TS INT+1] over the TS FRAC denom MTP’s. TS FRAC enum MTPs have [TS_IN+1] Stream Symbol
time slots and [TS FRAC denom —TS FRAC enum] MTP’s have TS INT Stream Symbol time slots. Those
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TS_FRAC_enum MTPs with [TS_INT+1] Stream Symbol time slots must be evenly distributed over
TS FRAC_denom MTPs.

For 1-lane and 2-lane Main Link configurations, the fact that Symbol Sequences are 4 symbol multiples
affects how the Stream Symbols insertion rate get throttled. Over the [TS FRAC denom * 4 /LaneCount]
MTPs the Stream Symbols per MTP must be evenly distributed to TARGET Average StreamSymbol
PerMTP value.

When the PeakStreamBandwidth is 577.5Mbytes/sec and when the bandwidth of the link Source device is
driving is 1080Mbytes/sec (that is, 4-lane HBR),

Average StreamSymbolTimeSlotsPerMTP = 577.5Mbytes/sec/1080Mbytes/sec* 64 =34.222

Therefore, the Source Payload Bandwidth Manager sets the VCPayload Size Source to 35 time slots. The
maximum allowed TARGET Average StreamSymbolTimeSlotsPerMTP is:

MaximumTarget Average StreamSymbolTimeSlotsPerMTP
= 689*64*(54/64)/1080 = 34.45

So, the Source Payload Bandwidth Manager may set the
TARGET Average StreamSymbolTimeSlotsPerMTP to 34.25, that is, TS INT =34, TS FRAC enum =1,
TS FRAC denom =4.

1 out of 4 MTPs has 35 Stream Symbol time slots with 0 VCPF Symbol time slots within the VC Payload and
3 out of 4 MTPs has 34 Stream Symbol time slots with 1 VCPF Symbol time slot.

2.6.3.3.1 Maximum Allowed Rate Governing Deviation from Target Average for a Source Device

A DP Source device must throttle the Stream Symbol insertion rate so that the accumulation of transmitted
stream symbol count is in the following range at the beginning of any MTP:

ACTUAL _ AccumulatedSymbolCount > TARGET _ AccumulatedSymbolCount —8
ACTUAL _ AccumulatedSymbolCount <=TARGET _ AccumulatedSymbolCount

The remainder of this subsection (Section 2.6.3.3.1) describes the rational behind the maximum allowed rate
governing deviation above and should be regarded as informative.

For each MTP, the target number of transmitted Stream Symbols for a given VC Payload is M:
M = LaneCount*(TS INT +TS FRAC ENUM /TS FRAC DENOM)

For each MTP, the actual number of transmitted Stream Symbols is N:

N= ) (LaneCount-RG)

TimeSlots
invVCPayload

where RG = 4 if the time slot is occupied by the first VCPF code (VCPFO, or C0), and RG = 0 otherwise.
Note that VCPF Symbols occupy 4/LANEcount timeslots so the fact that N temporarily decreases for

LANE COUNT smaller than 4-inches represents the fact that a decision to introduce VCPFO on a given time
slot will cause subsequent timeslot(s) to be occupied by the remaining VCPF codes (C1, C2, and C3). (It
should be noted that an insertion of VCPF Symbol in a VC Payload in one MTP may span to the VC Payload
of the next MTP in case of 1- and 2-lane Main Link.)

Compute the accumulation of delta D between target and actual numbers of transmitted symbols:
D=) (N-M)
MTP's
The D value is per MTP, not per time slot in a given MTP.
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Insert VCPFO (the first code of VCPF Symbol Sequence) if and only if D will otherwise exceed zero.

Summarizing,

D=(Y ( Y (LaneCount-RG)- LaneCount* (TS _INT +TS_FRAC _ENUN/TS _FRAC _DENOM))

MTP's  TimeSlots
invVCPayload

where RG =0 or 4.
The limit on the variability of D is determined by the following factors:

1. Since symbols are inserted in sets of four and the constraint D < 0 must be met, the VCPF
insertion algorithm must insert VCPF symbol if and only if the D value on the current
timeslot would be less than four with a VCPF symbol inserted. The resulting variability is
=& Delral =0

2. Since VCPF symbols are inserted in sets of four, in the 1-lane case a decision to insert
VCPFO will result in VCPF1 ~ VCPF3 in the next three allocated timeslots. The resulting
variability is =3 = J&lt22 % 0 In the 2-lane case, only the next allocated timeslot after the
start of VCPF Symbol Sequence will contain VCPF symbol, and in the 4-lane case, each
VCPF Symbol Sequence is transmitted completely within the single time slot.

Adding up Deltal and Delta2, =7 = Dgital + Delta2 & 0 | determines the minimum possible variability
range for D. For simplicity (since all symbols are managed in sets of four at the Stream to VC Payload
Mapping Layer), the range of D (when measured at the start of an MTP) is constrained to:

-8<D<=0

Thus, the contribution to the rate variability observed at the uPacket RX due to rate governing in the Source
device is eight symbols.

2.6.3.3.2 Rate Governing Sample Pseudo-Code (Informative)

The following pseudo-code is provided to show how rate governing could be implemented with a simple state
machine. Note that this is example implementation for reference purposes only.

RG Parameters:

D // range of D is -256 to 0 so 8 integer (no sign) bits are required; number of fractional bits is equal
to number of bits of Y value

X.Y // X.Y calculated by multiplying TARGET Average StreamSymbolTimeSlotPerMTP by Lane
Count. X is an 8-bit value in the range 0 to 252, Y is implementation-dependent but should be at least
2 bits and ideally more

Other Parameters (not specifically for rate governing but referenced below):

PHASE // 2-bit value to represent the four phases in the single-lane case, or two phases in two-lane
case

LANE COUNT // 2-bit value; 1 = 1-lane, 2 = 2-lane, 0 = 4-lane

Initial condition and no time slot allocated to a VC Payload:
Set D=0
Set X.Y=0
Set PHASE=0

At least sixteen symbols after ACT for new VC Payload time slot allocation, and any time for
existing or reallocated VC Payload:
Update X.Y to nonzero value (new X.Y automatically takes effect on next MTPH)

If MTPH Timeslot
1
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D=D-XY
}
else if VC Timeslot
{
if PHASE =0 // Only decide whether to start RG or VC data on phase zero since both are
transmitted in sets of four

{

if D <= -4 // Ensures that four Stream Symbols cannot cause D > 0

Read (from VC Payload Mapper) and start transmitting set of four Stream Symbols
D <=D +4 // Decrement D by amount of data that will be transmitted (some may be in
subsequent timeslots)

}

else

{

start Rate Governing // Don’t update D since no data was sent

}

else
{
continue previously started 4-symbol sequence (VCPF Symbols or Stream Symbols) // Don’t
update D since the change in D (if any) in the PHASE=0 case was already accounted for

}
PHASE = PHASE + LANE COUNT

}

2.6.4 VC Payload Allocation Synchronization Management

Prior to starting a stream transfer from a stream Source to a stream Sink, a stream policy maker, based on the
topology map information provided by Topology Manager, establishes the virtual channel connection
between the stream Source and the stream Sink with the help of Payload Bandwidth Managers in the DP
Source device and the DP Branch devices in the path. The virtual channel is mapped to a VC Payload on a DP
link by Payload Bandwidth Manager.

The Payload Bandwidth Manager establishes and maintains VC Payloads it is receiving and
transmitting/forwarding by managing VC Payload ID Table. The Payload Bandwidth Manager:

0 Keeps its table synchronized with that of the uPacket RX of the downstream device it is driving
through Native AUX transactions

0 Also keeps the VC Payload time slot allocation over the Main Link synchronized with the table
through ACT Trigger control sequence inserted in MTP Header time slots.
Each uPacket TX and uPacket RX has the VC Payload ID Table. The table within uPacket RX is mapped to
the DPCD Address space as shown in the table below. It should be noted that reading of this VC Payload ID
Table of uPacket RX by the Payload Bandwidth Manager of the immediate upstream uPacket TX is not
required for normal operation. When to read this table (example, for debugging purposes) is an
implementation choice for developers of DP Source and Branch devices

Though it is possible for an upstream device to update the VC Payload ID Table of a remote downstream
device via REMOTE_ DPCD message transaction, the remote update of a VC Payload ID Table is prohibited.
Only the immediate upstream device is allowed to update the VC Payload ID Table of the downstream device
as the only immediate upstream device is capable of initiating the ACT Trigger control sequence over the
Main Link.
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Table 2-62: VC Payload ID Table of uPacket RX Mapped to DPCD Address Space

P ey | Tmesior | ERMIRS
2C1 1 1
2C2 2 1
2C3 3 1
2C4 4 1
2C5 5 1
2C6 6 3
2C7 7 3
2C8 8 3
2C9 9 3
2CA 10 3
2CB 11 3
2CC 12 3
2CD 13 3
2CE 14 4
2CF 15 4
2D0 16 4
2D1 17 4
2D2 18 4
2D3 19 4
2D4 20 4
2D5 21 4
2D6 22 5
2D7 23 5
2D8 24 5
2D9 25 5
2DA 26 5
2DB 27 0
2DC 28 0
2DD 29 0
2DE 30 0
2FF 63 0

Note 1: This table shows an example in which
VC Payload ID #2 has been deleted.

Those time slots with VC Payload ID value 0
are not allocated.

The VC Payload ID assignment is uniquely managed by each Payload Bandwidth Manager of a DP device
with uPacket TX. The Payload Bandwidth Manager of a DP Branch device must maintain the mapping of the
VC Payload Mapping Tables of its uPacket RXs to those of its uPacket TXSs.

The VC Payload ID Table of a uPacket RX is updated by the Payload Bandwidth Manager of the immediate
upstream device via Native AUX transactions to DPCD Addresses shown in the table below.
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Table 2-63: DPCD Address Map for VC Payload Table Update and ACT Status Verification

DPCD Address Definition
(Hex)
1C0 Bits 6:0 = VC Payload ID to be allocated (R/W)

ID of 0 means that the time slots unallocated.

Bit 7 = Reserved

Writing 0x00 to 0x001CO0, 0x00 to 0x001C1, and Ox3F to 0x001C2 results in
clearing of the entire VC Payload ID table. The mPacket RX, upon this,
immediately ignores the incoming VC Payloads (if any) without waiting for
ACT on Main Link

1C1 Bits 5:0 = Starting Time Slot of VC Payload Id in DPCD address 2C0h (R/W)
Bits 7:6 = Reserved
1C2 Bits 5:0 = Time Slot Count of VC Payload Id in DPCD address 2COh (R/W)

Bits 7:6 = Reserved

2C0 Bit 0 = VC Payload ID Table Updated (CRO)

1 = Updated, Cleared when pPacket Source’s writing 1

0 = Not updated since the last time this bit was cleared

Bit 1 = ACT Handled (RO)

1 = ACT handled, cleared to zero when bit 0 is set to one

0 = ACT not handled since the last time this bit was read\

Bit 2 = VC Payload ID Table Exception Clear (CRO)

1= VC Payload Table cleared by uPacket due to an exception event; all time
slots become unallocated

0 = VC Payload table not cleared

The Payload Bandwidth Manager writes the VC Payload ID, its start location and size in time slot count via
Native AUX WR transaction to DPCD Addresses 001COh, 001C1h, and 001C2h, respectively. To delete a
VC Payload, the Payload Bandwidth Manager writes the VC Payload ID to be deleted to DPCD Address
001COh, its start location before deletion to 001C1h, and the value of 00h to 001C2h. Setting the ID to 00h,
the start location to 00h, and the size to 3Fh clears the entire VC Payload ID Table of the uPacket RX.

Once it has verified that the VC Payload ID Table is updated (DPCD Address 0x002CO0, bit 0 = 1), the
Payload Bandwidth Manager is to trigger the VC Payload allocation over the Main Link via inserting ACT
Trigger sequence into four consecutive MCT Header time slots as shown in Figure 2-77. The ACT sequence
is always preceded by the 32 MTPH time slot ECF (Encryption Control Field) as described in Section 2.6.10.
The ACT sequence must not be inserted in the following MTPH time slots:

= 36 to 5 MTPH time slots prior to Link Frame boundary SR

= Time slot for SR

= 1to 34 MTPH time slots following SR

Furthermore, the ACT sequence must not straddle the above keep-out MTPH time slots.

Prior Allocation Active @ <————> New Allocation Active

M A A A A M
T . (03 . (03 . C . C . T
p Prior Alloc T Prior Alloc T Prior Alloc T Prior Alloc T Prior Alloc p New Alloc
H 0 1 2 3 [

ACT — ™
Signaled

Figure 2-77: ACT Allocation Change Trigger Sequence

The Payload Bandwidth Manager, then, confirms the successful handling of ACT Trigger Control Sequence
by the downstream uPacket RX by reading ACT Handled status bit at DPCD Address 0x002C0 bit 1.

Using the Native AUX transactions and ACT Trigger Control sequence described above, Payload Bandwidth
Manager may add a new VC Payload (new allocation), change a VC Payload size (decrease/increase), or
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delete a VC Payload (de-allocation). In any event, the Payload Bandwidth Manager must eliminate any
unallocated time slots in between VC Payloads as shown in the following diagrams.

When a uPacket RX receives an ACT Trigger Control sequence without any change to values at DPCD
Addresses 001COh ~ 001C2h, the must not make any change to the VC Payload allocation.
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NOW AlOCaUON e MMM - ..o one sase s aas s L R i
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Befomne Changa
Endof | DEBEMEE S, ;o it allocatea ] - - BL S
Updated l e MT S Aoated (o 0 - 62 Unallseated Slors
Allocation :
Decraase) e
( (‘ Afver Change
N | g-t2mes
_-‘[ e m‘f E:lllnfﬂ&ditl;mm:,,i G::'"m::%cn: 1 - i3 Unallocated Hlota
L. ] ; i }
Befora Change
r 7 y : S — 1
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Dafore Change
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0 - &k Slots i il 0 - 62 Slots H H

E;il"'r Rilenemapat | 5330 ollwated 3 1 - 67 Lnallevstoed Slrts |

0 iy { V.tV | )
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Deallocate : ARer Change
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Figure 2-78: VC Payload Allocation Change
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2.6.5 ALLOCATE PAYLOAD Timing Sequence

In order to synchronize the VC Payload time slot allocation change across the multiple links of the path,
Payload Bandwidth Manager issues ALLOCATE PAYLOAD Message Transaction. This section describes
the timing sequence of interactions among Payload Bandwidth Manager, Main Link Symbol Manager, and
VC Payload Mapper surrounding ALLOCATE PAYLOAD Message Transaction

The ALLOCATE _PAYLOAD Message Transaction uses VC Payload ID and PBN value as the variables of
this transaction. Optionally, the MST DP Source Device may execute ENUM_PATH RESOURCES Message
Transaction to check the available PBN value of the path before executing ALLOCATE PAYLOAD
Message Transaction.

An MST Source device targets both ENUM_PATH RESOURCES and ALLOCATE PAYLOAD at the last
MST device with a branching unit driving a stream sink. In other words, the Payload Bandwidth Manager of a
DP Source device sets the Relative Address (RAD) field of the header of the Message Transaction to point to
the last MST device with a branching unit. The port number (either physical or logical) of the branching unit
to which the Sink device is plugged to is included in the body of the Message Transaction.

When transporting an SDP stream (such as an audio stream), the Payload Bandwidth Manager of a DP Source
device specifies the SDP stream sink number in the body of the ALLOCATE PAYLOAD Message
Transaction.

A timing sequence for adding a new payload is shown in Figure 2-79: . The Payload Bandwidth Manager of
each uPacket TX in the path, upon receiving ALLOCATE PAYLOAD message transaction, updates the VC
Payload ID Table and VC Payload time slot allocation using the procedures described in Section 2.6.4. Once
successful, it forwards the message transaction to its downstream DP device in the path.

When the Payload Bandwidth Manager of a DP Source device verifies that the ACT Trigger Control sequence
has been successfully handled by the uPacket RX of the downstream device, it may set the

Throttled VCP_SIZE (that is, X.Y) value to the non-zero value to start the Stream Symbol Sequence
insertion at least 16 MTPs after the new VC Payload is established.

The Payload Bandwidth manager of a DP Branch device, upon verifying the successful handling of the ACT
Trigger, waits for 16 MTPs after the new VC Payload is established and starts forwarding Stream Symbol
Sequence from the upstream DP device.
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Available Available Available .
PBN =z Branchl PBN =y Branch2 PBN = x Branch3 Sink

Source

ENUM_PATH_RESOURCES

ENUM_PATH_RESOURCES

ENUM_PATH_RESOURCES

PBN = x
PBN replaced with zif z <y PBN replaced with y if y < x
and z < x < _—

- — — —

Link Training if needed

AUX WR (VC Payload ID table update)

ACT

i

AUX RD for ACT statu: Link Training if needed
( nbolinsert_Rdy)

ALLOCATE_PAYLOAD
(VC Payload ID = x is new Channel

_———— _Q' AUX WR (VC Payload ID table update)

Set X,Y to non-zero to start ACT

Stream Symbol transmission Link Training if needed

AUX RD for ACT status

ALLOCATE_PAYLOAD
(VC Payload ID = x is new Channel

> AUX WR (VC Payload ID table update)

ACT
ﬁ Link Training if needed
-

AUX RD for ACT status

Stream Symbol Pass-thru

ALLOCATE_PAYLOAD
((VC Payload ID = x is new Channel
PBN =w<Z)

— — — — >

Stream Symbol Pass-thru
SST Mode
ACK

ACK
ACK - — — S

Native Aux Transaction

Message Transaction (AUX Reply not shown) Main Link

Figure 2-79: Example Time Sequence for Adding a New Payload

Figure 2-79: below shows a timing sequence for adding a new payload that results in error. Upon receiving
NAK Reply Message to ALLOCATE PAYLOAD message transaction it has initiated, the Payload
Bandwidth Manager of the DP Source device issues another ALLOCATE PAYLOAD with PBN value set to
0 to delete the VC Payloads from the links on which the VC Payload allocations have been just completed.
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Source

Available
PBN =2z

Branchl

Available Branch2 Available

PBN=y PBN = x Branch3

Sink

ENUM_PATH_RESOURCES

PBN replaced with zifz<y
and z <x

Link Training if needed

AUX WR (VC Payload ID table update)

ENUM_PATH_RESOURCES

—— — —>

ENUM_PATH_RESOURCES

PBN = x
PBN replaced with y if y < x

Link Training if needed

< ACT
AUX RD for ACT statu:
(StreamSymbollnsert_Rdy)

ALLOCATE_PAYLOAD
(VC Payload ID = x is new Channel

——_—{.

AUX WR (VC Payload ID table update)

Set X,Y to non-zero to start
Stream Symbol transmission

-— S

ALLOCATE_PAYLOAD
(ToBranch 1,
VC Payload ID = x, PBN = 0)

ACK

AUX WR (VC Payload ID table update)

ACT

AUX RD for ACT Verify

— — — — >
AUX WR (VC Payload ID table update)

-«— <

ACT
Link Training if needed

AUX RD for ACT status

ALLOCATE_PAYLOAD
(VC Payload ID = x is new Channel

Stream Symbol Pass-thru ACT

Link Training if needed

AUX RD for ACT status
Failure

>

AUX WR (VC Payload ID table update)

ACT

AUX RD for ACT Verify
(StreamSymbolinsert_Rdy)

(StreamSymbollnsert_Rdy)

Message Transaction

Native Aux Transaction

(AUX Reply not shown) Main Link
— ﬁ

Figure 2-80: Timing Sequence for Adding a New Payload with Error

A timing sequence for adding a new payload that results in error is shown in Figure 2-81

below.
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Source Branchl Branch2 Branch3 Sink

ALLOCATE_PAYLOAD
(VC Payload ID exists; 0 PBN)
— — — —pi  ALLOCATE_PAYLOAD
(VC Payload ID exists; 0 PBN)
——— —— ALLOCATE_PAYLOAD
(VC Payload ID exists; 0 PBN)

—— — — SST IDLE PATTER
ACK H
-— — — —

AUX WR for VC Payload ID
table update

ACT

ﬁ

AUX RD for ACT

ACK

AUX WR for VC Payload ID
table update

ACT

ﬁ

AUX RD for ACT

ACK g

ff— — — —
AUX WR for VC Payload ID
table update

ACT

AUX RD for ACT

Message Transaction Native Aux Transaction Main Link

—_——— —  —

Figure 2-81: Timing Sequence for Deleting a Payload

A timing sequence for adding a deleting a Payload with an error is shown in Figure 2-82 below. The DP
Branch device that has experienced error in allocation change on the link it is driving must first retry to
resolve the error condition.
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Source Branch1 Branch2 Branch3 Sink

ALLOCATE_PAYLOAD
(VC Payload ID exists; 0 PBN)
— — — — ALLOCATE_PAYLOAD
(VC Payload ID exists; 0 PBN)
— — — — ALLOCATE_PAYLOAD
(VC Payload ID exists; 0 PBN)

ACK P

AUX WR for VC Payload ID
table update

ACT

ﬁ

Error in AUX RD for ACT

ACT
> SST IDLE PATTERﬂ
AUX RD for ACT status
-

ACK

AUX WR for VC Payload ID
table update

ACT

AUX RD for ACT

Yy Yy

ACK g

AUX WR for VC Payload ID
table update

ACT

AUX RD for ACT

YVYy

Message Transaction Native Aux Transaction Main Link

Sl € > >

Figure 2-82: Timing Sequence for Deleting a Payload with an Error

A timing sequence for deleting a Payload with an error that is not locally recoverable by the DP Branch
device is shown in Figure 2-83 below. The DP Branch device must clear the entire VC Payload ID Table and
reply with NAK to the DP Source device.
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Source Branchl Branch2 Branch3 Sink

ALLOCATE_PAYLOAD
(VC Payload ID exists; 0 PBN)
— — — — > ALLOCATE_PAYLOAD
(VC Payload ID exists; 0 PBN)
— e — — > ALLOCATE_PAYLOAD
(VC Payload ID exists; 0 PBN)

- _ACK_ _ P

AUX WR for VC Payload ID
table update

-
ACT
Error in AUX RD for ACT status
-
ACT
ALLOCATE PAYLOAD Error in AUX RD for ACT status ;
(VC Payload ID exists; 0 PBN) . Repeat.eq till
—_————p AUX WR for VC Payload ID retry limits
table clear
-
AUX RD for VC Payload ID
table clear status
-
NAK
- — —
NAK
ALLOCATE_PAYLOAD's to
synchronize VC Payload
allocations of the path
Message Transaction Native Aux Transaction Main Link

Figure 2-83: Timing Sequence for Deleting a Payload with Locally Unrecoverable Error

A timing sequence for reducing the VC Payload time slot allocation is shown in Figure 2-84 below. The DP
Source device must reduce the Throttled VCP_SIZE value prior to this operation to avoid the overflow in the
path. As a result of the Throttled VCP_SIZE reduction, the VC Payload ends up transmitting more VCPF
Symbol Sequences until the VC Payload Size is reduced following ACT Trigger Control sequence.
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Available Available Available
Source PBN=2 Branchl PBN =y Branch2 PBN = x
Reduce

Throttled_VCP SIZE,

ALLOCATE_PAYLOAD
(VC Payload ID = x is Present,
PBN value reduced)

AUX WR (VC Payload ID table update)

ACT

ﬁ

AUX RD for ACT status
(StreamSymbolinsert_Rdy)

Reduced Symbol Streams
fowarding

ALLOCATE_PAYLOAD
(VC Payload ID = x is Present, PBN
value reduced)

AUX WR (VC Payload ID table update)

ACT

AUX RD for ACT status
(StreamSymbolinsert_Rdy)

ACK

ACK

Message Transaction

—_————p

Branch3

Sink

Reduced Symbol Streams
fowarding

ALLOCATE_PAYLOAD
(VC Payload ID = x is Present, PBN
value reduced)

— — — — >

ACT

AUX RD for ACT status
(StreamSymbolinsert_Rdy)

ACK

Native Aux Transaction

(AUX Reply not shown)

Main Link I

Figure 2-84: Timing Sequence for Reducing the VC Payload Allocation

A timing sequence for increasing the VC Payload time slot allocation is shown in Figure 2-85 below. The DP
Source device must wait, receiving the ACK Reply Message, before increasing the Throttled VCP_SIZE
value to avoid the overflow in the path.
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Available Available Available .
Source PBN =z Branchl PBN =y Branch2 PBN = x Branch3 Sink

ENUM_PATH_RESOURCES
ENUM_PATH_RESOURCES
ENUM_PATH_RESOURCES

PBN = x
PBN replaced with y if y < x

PBN replaced with zif z<y
and z <x

- — — —

AUX WR (VC Payload ID table update)

ACT

AUX RD for ACT status

ALLOCATE_PAYLOAD
(VC Payload ID = x is present,
PBN = w < 7, increased)

AUX WR (VC Payload ID table update)

ACT

AUX RD for ACT status

ALLOCATE_PAYLOAD
(VC Payload ID = x is new Channel

AUX WR (VC Payload ID table update)

ACT

AUX RD for ACT status

ALLOCATE_PAYLOAD
((vC Payload ID = x is new Channel

PBN=w<z)

—_————
ACK
ACK i ———
ACK _———
Increase
Throttled_VCP_SIZE,
Increase StreamSymbol
Forwarding Increase StreamSymbol
Forwarding

Native Aux Transaction

Message Transaction (AUX Reply not shown) Main Link

Figure 2-85: Timing Sequence for Increasing the VC Payload Allocation

2.6.6 Impacts of Various Events on VC Payload ID Table
The various events and their impacts on the VC Payload ID Table are described in the table below.
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Table 2-64: Various Events and Impacts on VC Payload ID Table

Events

Results

ALLOCATE PAYLOAD, with a new VC
Payload ID

Time slots allocated at the end of VC Payload ID
Table to support the requested PBN.

ALLOCATE PAYLOAD, with an existing VC
payload ID and with the same PBN value

No change in Payload Allocation Table

ALLOCATE PAYLOAD, with an existing VC
Payload ID, but with a new, non-zero PBN value

The number of time slots allocated to the VC Payload
ID is adjusted to support the new PBN value. Higher
numbered time slots are moved up to make room if
the new PBN is larger than the original PBN. Higher
numbered time slots are move down to remove the
gap of unused time slots after the number of time
slots was reduced due to the new PBN value (see
figure on page 3).

ALLOCATE PAYLOAD, with an existing VC
Payload ID, but with PBN value set to zero

Time slots numbered higher than the last time slot
used by the VC Payload Id. is moved down to the
first time slot used by the VC Payload Id., essentially
removing the VC Payload Id. from the table.

Loss of Stream within a DP Source device

No change in VC Payload ID table.

When the rate governing value X.Y. is non-zero, the
Main Link Symbol Mapper sends Stream Fill
symbols when the Stream Symbols are selected by
VC Payload Mux. When Payload Bandwidth
Manager sets X.Y. to 0.0, sends Rate Governing
symbols only.

Loss of incoming Stream Symbols or loss of VC
Payload symbol sequence phase lock for a DP
Branch device

No change in VC Payload ID table.

The DP Branch device sends Rate Governing
symbols in these conditions.

Loss of link followed by link training

The DP device whose uPacket RX has detected the
link loss (Device D) generates IRQ HPD to notify
the upstream uPacket TX of “link-lost” status and
clears ACT _HANDLED status bit (DPCD 0x002C0
bit 1) while keeping the VC Payload ID table intact
both on the uPacket RX ports and uPacket TX ports.
On its downstream uPacket TX ports, Device D fills
the VC Payloads that have been affected by the loss
of link with Rate Governing symbol sequence.

If there is no subsequent link training to recover the
link by the upstream uPacket TX for extended period
(e.g., for a few seconds), the DP device clears the VC
Payload ID table of the uPacket RX port, sets VC
Payload Table Cleared status bit (DPCD 0x002C0 bit
2), and initiates ALLOCATE PAYLOAD with PBN
value set to 0 to delete those VC Payloads that were
coming from the port.

The DP device whose uPacket TX has conducted the
link training for link maintenance (Device U) first
reads VC Payload Cleared status bit (DPCD 0x002C0
bit 2) of the downstream device (Device D).

If the bit is 1, Device D has cleared the VC Payload
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ID table and Device U notifies its upstream devices
Source devices of this event via
RESOURCE_STATUS NOTIFY message
transaction.

If the bit is 0, Device D has still retained the VC
Payload ID table and Device U attempts for a local
recovery.

For the local recovery (the bit is 0), Device U
performs Native AUX WR transactions to DPCD
0x001CO0 ~ 0x001C2 followed by ACT on Main Link
and Native AUX RD transaction for ACT status flag
verification to restore time slot allocations to VC
Payloads in the same order they existed before link
training was required. The time slot allocation stops
when there are not enough time slots left for any
subsequent VC Payloads.

Device U initiates ALLOCATE _PAYLOAD with
PBN value set to 0 to delete those VC Payloads that
have lost the time slots as the result of the link
training. In case the link cannot be re-established, it
deletes all the VC Payloads.

After the local recovery, Device U issues
RESOURCE_STATUS NOTIFY message
transaction in case the link bandwidth has changed as
the result of the link training.

Unplug event or receipt of The DP device whose uPacket RX has detected the
CONNECTION_STATUS NOTIFY disconnect event (Device D) sets VC Payload Table
Cleared status bit (DPCD 0x002C0 bit 2) and initiates
ALLOCATE PAYLOAD with PBN value set to 0 to
delete those VC Payloads that were coming from the
disconnected port.

DP device whose uPacket TX has detected the unplug
event (Device U) deletes the VC Payloads that were
being transmitted from the unplugged port. Device U
deletes those VC Payloads both from the VC Payload
ID table of the unplugged uPacket TX port, then,
issues CONNECT _STATUS NOTIFY message
transaction to its upstream devices.

DP Source devices, upon receiving
CONNECT_STATUS NOTIFY, delete all the VC
Payloads transmitted through Device U with
ALLOCATE PAYLOAD with PBN = 0.

(CLEAR _VC PAYLOAD ID TABLE may be used
in case all the VC Payloads are to be deleted.)

POWER _UP_PHY and POWER DOWN_PHY VC Payload ID tables are preserved. Loss of link,
when it is preceded by POWER _DOWN_PHY does
not result in clearing of VC Payload ID tables.

Note 1: A DP Branch device receiving POWER_DOWN_PHY executes on it (that is, write 0x02 to DPCD
0x00600 of the downstream uPacket RX) only when either none of the VC Payloads on its downstream link is
carrying Stream Symbols or there is no VC Payloads. Upon receiving ALLOCATE PAYLOAD for VC
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Payload allocation through the link on which POWER_DOWN_PHY has been executed, the DP Branch
device must execute POWER UP PHY (that is, write 0x01 to DPCD 0x00600).

Note 2: Power cycling of the uPacket TX of an upstream DP device is detected by the uPacket RX of the
downstream DP device as a loss of link without preceding POWR_DOWN_PHY and is handled as such.

Note 3: Power cycling of the uPacket RX of a downstream DP device is detected by the uPacket TX of the
upstream DP device as an unplug event and is handled as such.

2.6.7 Robustness Requirement
There are four aspects to the robustness of the MST mode.

0 Link timing robustness through predictable, self-generated link timing

0 Trigger Control Sequence robustness in MTP Header time slots

0 VC Payload 4-symbol sequence phase locking

0 VC Payload symbol robustness through redundancy in symbol transmission, regardless of the lane count.

This section describes the uPacket RX implementation requirements for utilizing the above aspects for
improved robustness of the link.

2.6.7.1 Link Timing Robustness

uPacket TX must maintain the 2'® symbol interval of SR in MST mode following the establishment of Main
Link via Link Training.

uPacket RX must make sure the consistency of SR interval before using the SR symbol as the link timing
reference point. Besides, uPacket RX must disregard the appearance of SR symbol at an unexpected time slot
which may result from an intermittent symbol error over Main Link. The uPacket RX must wait for four
consecutive SRs with 2'° time-slot intervals before switching to an SR location different from the original
location.

2.6.7.2 Trigger Control Sequence Robustness in MTP Header Time Slot

Since the location of Trigger Control Sequence such as ACT Trigger Sequence is unpredictable, other than it
is inserted in MTP Header time slots, uPacket TX sends 4-symbol sequence per lane on four consecutive
MTP Header time slots.

uPacket RX must use this 4-symbol sequence redundancy to properly detect the Trigger Control Sequence
even when two out of the four Control Symbols have errors.

2.6.7.3 VC Payload 4-Symbol Sequence Boundary Establishment

uPacket RX must establish the 4-symbol sequence boundary and must correct symbols that do not match the
Stream Control Symbol Sequence/Rate Governing Symbol Sequence rule.

2.6.7.4 Stream Framing Symbol Sequence Robustness

Stream Framing Symbol Sequence, namely, each of BS, BE, SS, and SE consists of four consecutive,
identical Control Codes. Majority voting after ANSISB/10B decoding must be used for the robustness. The
uPacket RX must pick the Control Code that appears in two or more symbols in the 4-symbol sequence.

2.6.8 Control Functions, Control Symbols and K-Code Assignment

Control Functions consist of sets of defined control symbols or sequences, and are used in both Main Link
Symbol Management and VC Payload Mapping Layers. To improve link integrity, MST uses 4-symbol
sequences to identify all the Data Symbols and those Control Symbols that appear in VC Payload time slots.
To minimize emission effects of these 4-symbol codes, the underlying K-codes used are selected using a
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scrambled index scheme. To maximize error robustness, the remaining Control Functions inserted to MTP
Header Time slot are directly mapped to 1-symbol K-codes.

2.6.8.1 Control Functions

Control Function codes are defined in the tables below. Table 2-65: defines control function codes used in the
MTP Header timeslots, while Table 2-66: defines control function codes that may appear within the MTP data
payload timeslots.

Table 2-65: MTP Header Control Functions

Control Function Code/Control Symbol Comment
Sequence’

SR (Scrambler Reset) K28.5 Comma character; Link Frame
Indicator

RESERVED K28.1 Not used.

RESERVED K28.7 Not used to avoid coding complication

RESERVED K28.4 Not used for EMI reduction purpose

ACT (Allocation Change C0-C1-C1-C0 Trigger to downstream device

Trigger) indicating change in allocation on
local link. ACT Control Function
sequence is unique from others; its 4-
code control symbol sequence spans
four consecutive MTP Header time
slots).

Table 2-66: MTP Payload Control Functions

Control Function Control Symbol Sequence
(C_x,C_y,C z,C _aa)
RG (Rate Governing) C0-C1-C2-C3
BS (Blank Start) C0-C0-C0-C0
BE (Blank End) C1-C1-C1-Cl
RESERVED C2-C2-C2-C2
SS (Secondary Start) C3-C3-C3-C3
SF (Stream Fill) C4-C4-C4-C4
RESERVED C5-C5-C5-C5
SE (Secondary End) C6-C6-C6-C6
RESERVED C7-C7-C7-C7

2.6.8.2 Control Symbol Index Scrambling

In control symbol index scrambling, for each control symbol Cx, “x” defines a (pre-scrambled) index integer
value between 0 and 7. A scrambled index is then calculated using the current contents of the main link data
scrambling LFSR as follows:

Scrambled Index = Index » {LFSR[13],LFSR[14], LFSR[15]}

? Cx indicates an indexed control symbol as defined in Section 2.6.8.2.
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Finally, this scrambled index determines the actual K-code selected, using Table 2-67: below.

Table 2-67: K-code Scrambled Index Map

Scrambled Index to K-Code Map

Scrambled Index K-Code
0 K23.7
1 K27.7
2 K28.0
3 K28.2
4 K28.3
5 K28.6
6 K29.7
7 K30.7

2.6.8.3 Data Symbol Scrambling
The data symbol scrambling is identical between MST mode and SST mode. All data symbols are scrambled.

2.6.9 Conversion Between MST and SST Symbol Mapping

All DP devices that support MST mode must support SST mode. This requirement ensures interoperation
between an MST device and an SST device.

The uPacket RX capable of supporting MST mode sets the MSTM_CAP bit set in the DPCD. The MST-
capable uPacket TX, must first verify whether the downstream uPacket RX has the MSTM_CAP bit set via
Native AUX RD. If the bit is set and if the uPacket TX chooses to enable the MST mode, then it sets
MSTM_EN bit via Native AUX WR. of the downstream uPacket RX set,

For a DP Source device and a DP Sink device, whether to enable MST mode is a policy-making choice. A DP
Branch device must always set MST CAP bit to 1 on its mPacket RX, and set MST _EN bit of the mPacket
RX of the downstream DP device to 1 as long as the downstream device has the MST CAP bit set to 1.

For those DP Branch Devices converting SST Symbol Mapping to MST Symbol Mapping or MST Symbol
Mapping to SST Symbol Mapping, the simple pass-through operation described in Section 2.6.2.3 does not

apply.

26.9.1 The Last Branch Device

The last Branch device receiving MST-mapped symbols and driving an SST-only mode DP uPacket RX
should first regenerate the receiving stream, and then map the regenerated stream into SST-mapped symbols
including Mvid/Nvid, Maud/Naud, and ECC parity generation. Since the reference clock of the last Branch
device and that of the DP Source device sourcing streams are asynchronous with each other, Asynchronous
Clocking Mode must be used for Mvid/Nvid and Maud/Naud. That is, the Nvid and Naud values must be set
to 8000h. The last Branch device is required to generate Mvid and Maud with +/-0.1% accuracy.

DP Sink device receiving streams from the last Branch device must use Mvid and Maud as hints for stream
clock regeneration, as is the case with stream clock regeneration with link rate down-spreading enabled in
SST mode.

Note: Intermediate DP Branch devices pass through the Stream Symbols Sequence without parsing the
contents. Therefore, those intermediate DP Branch devices pass through Mvid/Nvid, Maud/Naud, and SDP
ECC parity as is.
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There may be ways to simplify the conversion from MST symbol mapping to SST symbol mapping, but it is
an implementation-specific choice and is outside the scope of this Standard.

2.6.9.1.1 Enablement of Enhanced Framing Symbol Sequence by the Last Branch Device

The last Branch device driving the downstream device in SST mode must enable the Enhanced Framing
Symbol Sequence as long as the downstream device is capable of the Enhanced Framing Symbol Sequence.

2.6.9.2 The First Branch Device

The first Branch device receiving SST-mapped symbols from an SST-only mode Source device must forward
the stream to the downstream link in SST transport format with the same link configuration as the upstream
link.

When an upstream Source device is MST-capable, but chooses to transmit in SST format, the MST Source
device must initiate ALLOCATE PAYLOAD message transaction to establish the virtual channel to the
target Sink device. In this case, the first Branch device converts incoming SST-mapped symbols into MST-
mapped symbols including Mvid/Nvid, Maud/Naud, and ECC parity generation. Since the reference clock of
the last Branch device and that of the DP Source device sourcing streams are asynchronous with each other,
Asynchronous Clocking Mode must be used for Mvid/Nvid and Maud/Naud.

There may be ways to simplify this conversion, but it is an implementation-specific choice and outside the
scope of this standard

2.6.9.2.1 Enhanced Framing Symbol Sequence support by the First Branch Device
The first Branch device must support the Enhanced Framing Symbol Sequence in SST mode.

2.6.9.3 Mode Switching between MST Mode and SST Mode

The uPacket TX and RX capable of MST mode must support SST mode to interoperate with SST-only mode
DP Devices.

Switching between MST mode and SST mode results in interruption of the transport of stream(s) as the
uPacket TX must stop the stream transport prior to this mode switch. There are two options as follows:

The uPacket TX reinitiates Link Training, and come out of the Link Training with Idle Pattern in SST mode
or no-VC Payload (that is, empty MTP) pattern in MST mode.

The uPacket TX stops the transport of streams (resulting in IDLE PATTERN in SST mode or no VC Payload,
or empty MTP, in MST mode), sets/clears MST EN bit via Native AUX WR depending on the direction of
the mode switch, and switches the Main Link pattern at BS (for SST-to-MST mode switch) or at SR (for
MST-to-SST mode switch). Starting of a stream transport or a VC Payload allocation must wait at least four
BS intervals (after switching to SST mode) or four SR intervals (after switching to MST mode).

2.6.10 MTPH Usages for CP Extension in MST Mode

Two additional usages of MTPH time slots are defined for CP Extension in MST mode: Encryption Control
Field and Link Verification Pattern (LVP).

2.6.10.1 Encryption Control Field

The Encryption Control Field (ECF) consists of an eight data symbol sequence spanning eight consecutive
MTPHSs. The data symbol sequence is identical per-lane, regardless of lane count. The ECF is repeated four
consecutive times, resulting in a total sequence length of 32 MTPs. The uPacket RX is required to apply
majority voting on the repeated ECF’s for error correction.

How the ECF is used is specific to Content Protection system ported onto MST DP link and is therefore
outside the scope of DP Standard.
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The uPacket TX must transmit four consecutive ECFs at least once per Link Frame starting exactly 36
MTPHs prior to the Link Frame boundary SR signal. The ECF may be transmitted by uPacket anywhere
outside the keep-out area. When it is sent outside the fixed location starting from the 36 MTPH time slots
prior to SR, the ECF must be immediately followed by an ACT sequence.

Besides this fixed location, the uPacket TX may send four consecutive ECFs anywhere immediately prior to
the ACT sequence that spans four consecutive MTPH time slots.

Neither the four consecutive ECFs nor the ACT sequence must straddle the SR and Link Verification Pattern
(described in Section 2.6.10.2 below).

The uPacket RX must monitor both the fixed four consecutive ECF’s location and 32 MTPH time slots prior
to ACT sequence and take proper encryption action.

In SST-mode, the uPacket TX indicates encryption enable by transmitting CPBS and CPSR in place of BS
and SR. As can be seen in Table 2-65, those control codes do not exist in MST mode.

The timing relationships of these fields for the link frame boundary case are shown in the following diagram:

Link Frame boundary

Time Slot
o 63 0 63 0 63 0 63 0 63 o 63 (\[ 63 0 63 1] 63 0 63
E E

E E M M L L M

c c 4 p T T o v v T

F F g gy P P «»n P P P

(1] 1 0 1 H H o 1 H

B N i JEE— > <“—— > <¢“——>P<¢C——P<——> <>

¥' MTP ¥' MTP ¥' MTP ¥' MTP ¥' MTP ¥' MTP ¥' MTP O ¥' MTP 1 ¥ MTP 2 ¥ MTP

p 988 p 989 p 1018 . 1019 _ 1020 p 1023 P P p 34

H H H )—I H H H H H N H
1 E MTPH’s for MTP1020 to MPPH’s for MTP3 to
ECF c MTP1023 Reserved MTP34 Reserved

Sequence : for ACT LVP for ECF

Figure 2-86: MSTM ECF and LVP Signaling at Link Frame Boundary

The timing relationship of four consecutive ECFs and ACT sequence is shown in the following diagram.
Note that the MTP N+4 in this diagram may optionally occur at MTP#0 (the link frame boundary), in which
case MTPH N+5 and MTPH N+6 will contain the LVP as shown in the diagram above. Also, the MTP N-32
may optionally occur at MTP #3 after the link frame boundary, in which case MTPH N containing the first
ACT sequence starts on MTP #36 immediately after the reserved timeslots shown in the diagram above.
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Figure 2-87: ECF Immediately Prior to ACT Sequence

VESA DisplayPort Standard MEMBER USE ONLY. DISTRIBUTION TO NON-MEMBERS IS PROHIBITED.  Ver.1.2
©Copyright 2007-2010 Video Electronics Standards Association Page 168 of 515



2.6.10.2 Link Verification Pattern

The two consecutive MTPH time slots immediately following the Link Frame boundary SR signal are used
for transporting the 16-bit Link Verification Pattern (LVP), the least significant byte (bits 7:0) transmitted
first and the most significant byte (bits 15:8) last.

In SST mode, bit 5 of the VBID is used to sequentially transport the 16-bit Link Verification Pattern. In MST
mode, bit 5 becomes “don’t care.”

2.6.10.3 Encryption of MTPH Time Slots

The data symbols transported in those MTPH time slots for ECFs must not be encrypted. LVP must be
encrypted. Whether to encrypt other MTPH time slots is up to the policy of the content protection system
running over MST DP link.
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2.7 AUX Transaction Syntax in Manchester Transaction Format

The syntaxes used for various AUX transactions in Manchester transaction format are described in this
section. As described in Section 3.4, the Manchester transaction format uses Manchester-1II coding at the
nominal bit rate of 1Mbps.

The following two categories are explained:
e Native AUX transaction syntax
e  Syntax for mapping of an I°C onto AUX transaction called I’C-over-AUX transaction

This section describes the DisplayPort AUX transaction syntax suitable for a half-duplex, bidirectional AUX
CH PHY. The number of bus turn-around is reduced to minimize the half-duplex overhead.

The AUX CH PHY consists of a single differential pair carrying self-clocking data. All transactions must start
with a preamble "SYNC" for synchronizing the Requester (uPacket TX) and the Replier (uPacket TX), and
must end with a "STOP" condition.

A 4-bit command, COMM3:0, must be transmitted after the preamble, followed by a 20-bit address,
ADDR19:0. The DisplayPort capability, status and control functions are directly mapped to the 20-bit address
space. In addition, DisplayPort uses these 20 bits to access I’C devices.

After the transmission of command and address, the data bytes must be transmitted except for Address-only
transaction for I?C-over-AUX transaction. Burst data transfer is supported. The burst data size must be limited
to a maximum of 16 bytes.

Bit 3 (msb) of the request command field indicates whether the transaction is a Native AUX transaction or an
I’C-over-AUX transaction.
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Table 2-68: Bit/Byte Size of Various Data Types of AUX Transaction Syntax

Data Type Bit Width
Command | 4 bits
Address Request transaction: 20 bits
Reply transaction: None (0000b must be padded to Command to form a byte)
Data Request transaction:

For read: 1Byte (Length byte)
For write: 1Byte (Length byte) + N Data Bytes
0  Length byte (“LEN”) defines the number of bytes to be written to or to be read from the
AUX Replier (uPacket RX) by the AUX Requester (uPacket TX).
0 N = Integer value from 1 to 16. That is, a uPacket TX is required to limit the burst data size
to 16 or fewer bytes.

Reply transaction:
For read = N Data bytes.
0 N =Integer value from 1 to 16, the number of bytes ready to be sent.
For write = 0 or 1 Data byte
0  When AUX Replier NACK’s the write request transaction, it must indicate how many bytes
have been written.
o  Foran I’C write over the AUX CH, the AUX Replier, following the ACK, must indicate
how many bytes have been written to the I’C slave.

Note: In the document, "P>" is attached to a signal name that is driven by the Requester, while " " is
attached to a signal driven by the Replier.

2.7.1 Command definition
Request and reply command definitions of AUX transactions are described in this section.

2.7.1.1 Request command definition
Bit 3 = Native AUX or I’C-over-AUX

1 = DisplayPort transaction

0 = I°C transaction

e  When bit 3 =1 (Native AUX transaction):

0 Bits 2:0 = Request type

= 000= Write
= (001=Read

e When bit 3 = 0 (I’C-over-AUX transaction):
0 Bit2=MOT (Middle-of-Transaction) bit.
0 Bits 1:0 =I*C_Command

= (00 = Write
= (0l =Read
= 10 = Write Status Update Request
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= |1 =Reserved

Note: More on MOT bit and I*C Write Status Request in Section 2.7.5 and Section 2.7.7.

2.7.1.2 Reply Command Definition

The 4-bit Reply Command field is divided into Native AUX Reply field (bits 1:0) and I°C-over-AUX Reply
field (bits 3:2). The I°C-over-AUX Reply field is valid only when Native AUX Reply field is AUX_ACK
(00). When Native AUX Reply field is not 00, then, I*C-over-AUX Reply field must be 00 and be ignored.

Bits 1:0 = Native AUX Reply field
00=AUX_ACK
e For Write transaction: All the data bytes have been written.
e For Read transaction: Ready to reply to Read request with data following.

0 A uPacket RX (Replier) may assert a STOP condition before transmitting the total number of
requested data bytes when not all the bytes are available.

01 = AUX NACK

e For Write transaction:

0 AUX NACK must be followed by a data byte “M”, where “M” indicates the number of data
bytes successfully written.

0 When a uPacket TX is writing a DPCD address not supported by the uPacket RX, the uPacket
RX shall reply with AUX NACK and “M” equal to zero.

e For Read transaction:
0 A uPacket RX receiving a Native AUX RD request for an unsupported DPCD address must

reply with an AUX ACK and read data set equal to zero instead of replying with AUX
NACK.

10 = AUX DEFER
e For Write and Read transactions:
0 Not ready for the write/read request. A uPacket TX may retry later
11 = Reserved
Bits3:2 = I’C-over-AUX Reply field

A uPacket RX must not forward an I°C transaction to an I°C slave unless the AUX CH has received all
the data bytes. When the uPacket TX fails to receive all the data bytes it either AUX NACKs (with “M”
set equal to the number of received data bytes) or AUX DEFERs (not ready to receive the request
transaction). The DisplayPort uPacket TX may either abort the ’C-over-AUX transaction or retry at a
later time.

I*C-over-AUX Reply field is only valid when paired with AUX ACK.
00=12C ACK
e For I’C write transactions:

0 I2C ACK must be followed by the data byte “M” where “M” is the number of bytes the
uPacket RX has written to its I°C slave without NACK. The data byte “M” must be omitted
when all the data bytes have been written. See Section 2.7.5.2 for examples.

e For I°C read transactions:
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0 The I°C slave has ACKed the I°C address and the uPacket RX is ready to reply with data
following.

0 The uPacket RX may assert a STOP condition before transmitting the total number of
requested data bytes when not all the bytes are available.

01 =12C NACK
e For I>C Write transaction:

0 I2C NACK must be followed by a data byte “M” except when the I’C slave has NACK’ed
the I°C address, in which case the reply transaction shall end with I2C NACK without the
data byte “M”. The data byte “M” indicates the number of bytes the uPacket RX has
successfully written to its I°C slave before getting the NACK. The byte on which the NACK
occurred is excluded from the number.

e For I’C Read transaction:
0 The I°C slave has NACKed the I°C address.
10 =12C DEFER
e For I’C write and read transactions:
0 The I°C slave has yet to ACK or NACK the I°C transaction.

11 = Reserved

2.7.2 AUX Transaction Response/Reply Time-outs

AUX Replier (the uPacket RX) must start sending the reply back to the AUX requester (the uPacket TX)
within the response period of 300us. The timer for Response Time-out starts ticking after the uPacket RX has
finished receiving the AUX STOP condition which ends the AUX Request transaction.

The timer is reset either when the Response Time-out period has elapsed or when the uPacket RX has started
to send the AUX Sync pattern (which follows 10 to 16 active pre-charge pulses) for the Reply transaction.

If the uPacket TX does not receive a reply from the uPacket RX it must wait for a Reply Time-out period of
400us before initiating the next AUX Request transaction. The timer for the Reply Time-out starts ticking
after the uPacket TX has finished sending the AUX STOP condition.

The timer is reset either when the Reply Time-out period elapses or when the uPacket TX detects the first
zero in Manchester-1I code which is in active pre-charge pulses and AUX Sync pattern of the Reply
transaction.

2.7.3 Native AUX Request Transaction Syntax
SYNCP» COMMS3:0/ADDR19:16» ADDRI15:8» ADDR7:0» LEN7:0» (DATAO0-7:0» ...) STOP

2.7.3.1 Write Request Transaction

For write transaction (COMM3:0 = 1000), the Request transaction must stop when the number of bytes (1 -
16 = LEN7:0 value + 1, all other values are invalid) has been transmitted from the Requester to the Replier.

2.7.3.2 Read Request Transaction

For read transaction (COMM3:0 = 1001), the Request transaction must stop after LEN7:0. That is, no data
must be transmitted. The Requester expects the Replier to reply with [LEN7:0 value + 1] bytes (=1 - 16
bytes) of data.
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2.7.4 Native AUX Reply Transaction Syntax
SYNC <« COMM3:0/0000 « (DATAO0-7:0...) STOP

2.7.4.1 Reply Transaction to Write Request
A reply transaction to a write request must end in one of the three conditions below:

The Replier has received a write request, and has completed the write. The Replier must reply to the
transaction by sending AUXACK.

0 SYNC<« 00/AUX ACK]|0000 <« STOP,

The Replier has received a write request, but has not completed the write. The Replier must end the
transaction by sending AUX NACK as the first COMM3:0, and then, the number of written bytes M
as DATAO _7:0.

0 SYNC< 00| NACK]|0000 €« DATAO 7:0d STOP,
Where DATAO-7:0 shows the number of written bytes, M

Replier has received a write request, but is not ready to accept the write request. Replier must reply
with AUX DEFER.

0 SYNC< 00JAUX DEFER|0000 « STOP

2.7.4.2 Reply Transaction to a Read Request

A reply transaction to a Read request must end in one of the four conditions below:

2.7.5

The Replier has received a read request, but is not ready to reply with the read data. Must end the
transaction by sending AUX DEFER as the first COMM3:0.

0 SYNC< 00/JAUX DEFER|0000 <« STOP

The Replier has received a read request and is ready. Must reply by sending AUX ACK as the first
command, transmit back the number of requested bytes, assert the STOP condition, and release the
AUX CH.

0 SYNC<« 00]AUX ACK]|0000 <4 STOP

The Replier has received a read request and is ready with some (M+1 bytes) but not all, of requested
data bytes. Must reply by sending AUX ACK as the first command, transmit back the number of
bytes that can be replied, assert the STOP condition, and release the AUX CH.

0 SYNC<« 00]AUX ACK]|0000 4« DATAO 7:0«... DATAM_7:0 4STOP

The Replier has received a read request for N bytes and is ready. Must reply with AUX ACK as the
first command, transmit back the number of requested bytes, assert STOP condition, and then release
the AUX CH.

0 SYNC<« 00/AUX ACK]|0000 €4 DATAO 7:0d... DATAN-1_7:0 « STOP

I’C Bus Transaction Mapping onto AUX Syntax

The mapping of an I°C transaction onto the I*C-over-AUX transactions as defined in the DisplayPort Standard
is agnostic to the application-specific usage of the I’C data bytes. Neither the uPacket TX nor the uPacket RX
must be aware of how each of the data bytes in the I’C transaction is used for a specific I°C application.

A single I°C transaction may be mapped onto one or multiple I°C-over-AUX transactions to accommodate the
bit-rate difference between I°C and AUX CH. How (or whether) to divide an I°C transaction into multiple
I*C-over-AUX transactions is specific to the implementation of uPacket TX. For an I’C-over-AUX
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transaction, a uPacket TX may initiate an “Address-only” request transaction in which the uPacket TX will
STOP the AUX transaction after sending the Request command field and 20-bit Address without sending
LENGTH byte/data bytes.

2.7.5.1 1°C-over-AUX Request Transaction Command

When bit 3 (msb) of the Request command is 0, the requested transaction must be an I’C-over-AUX
transaction. A single I°C transaction may be divided into multiple I’C-over-AUX transactions, each with bit 3
of the Request command set to 0.

In an I°C bus transaction, the remaining three bits of the Request command are defined as follows:
e Bit2=MOT (Middle-of-Transaction) bit.

0 This bit must be set when the I°C transaction does not end (or STOP) with the current AUX
transaction. The I’C master in the uPacket RX must send the seven bit I>’C address and read or write
command only when:

=  MOT bit is set to 1 for the first time, that is, in the first AUX transaction for the START of an
I*C transaction,

Or

= RepeatedStart is issued, which results either in a new I°C address or the same I’C address but
with the read/write command opposite of the previous command.

e Bits 1:0 = I*C Command
0 00=Write
0 01 =Read
0 10=Write Status Update Request

= When the last I’C write transaction resulted in a reply of either 2C_DEFER or ACK followed by
a data byte M where M is the number of bytes written to the I°C slave, AUX Requester (uPacket
TX) may issue the following special request to inquire the status of the last I°C write:

SYNCP COM3:0 (= 0110)[0000» 0000[0000» 0|7-bit I’C address (the same as the last) P
00000000 (Length byte) » STOP»

= To this request, AUX Replier (uPacket RX) must reply with the latest status.
0 11=RESERVED

2.7.5.2 1°C Write Transaction

In this section, mapping of an I’C Write transaction onto the AUX transaction(s) is described using an
example in which three data bytes are written. An I°C master in the Source device will initiate an I°C Write
transaction to an I°C slave in a Sink device via the AUX CH between uPacket TX in the Source device and
uPacket RX in the Sink device as shown in Figure 2-88. Three variants of the operation are shown,
demonstrating a variety of ways to accomplish the goal of performing an I°C Write transaction.

In the following descriptions, the I°C slave in the Sink device acknowledges the I°C Write. When the I°C
slave non-acknowledges the I°C write (either I’C address is not supported or the write data byte is not
accepted), what corrective action to take is up to the I’C master in the Source device and beyond the scope of
this Standard.
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Desktop PC
(DP Source Device)

Desktop Display
(DP Sink Device)

DP pPacket RX

DP pPacket TX AUX CH .
(AUX CH Requester/ (AUX CH Replier/
I°C Slave) _ I°C Master
DisplayPort
I°C Bus Cable I°C Bus
GPU EDID
(1°C Master) (I°C Slave)
DP Source DP-to-Legacy Legacy Sink
Device Converter Device
DP | AUXCH DP Legacy RX
uPacket pPacket Le_?;cy + Display
TX DisplayPort RX Legacy Controller
Cable Cable
I’C I’C
GPU EDID

Figure 2-88: Examples of AUX CH Bridging Two I’C Buses

I°C Write example 1:

START» 1001000/0» ACK «4Data0» ACK «4Datal » ACK 4Data2» ACK €4 STOP»

e I’C Write Mapping Method 1:

The I°C address byte transfer and each data byte write are mapped into separate AUX transactions. In the
example shown in Table 2-69, the bit rate of the I’C bus in the Sink device is set to 100kHz (= 10us per bit).
At this bit rate, the I’C slave in the Sink device can acknowledge each byte within the 300us of the Response

Time-out period.
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Table 2-69: I°’C Write Transaction Example 1

I’C Transaction in the

AUX Request Transaction

AUX Reply Transaction by

I2C Transaction in

Source Device by uPacket TX uPacket RX the Sink Device
1 STARTM»
1001000]0»
(I’C Write with I’C
address = 1001000; I°C
clock stretched by
uPacket TX before ACK)
2 SYNC» 01000000 »
00000000 01001000 »
STOPM»
(Address-only transaction,
with MOT = 1 and I°C
address = 1001000)
3 Wait up to 300us STARTM»
1001000/0»> ACK «
4 SYNC <€ 00000000 «
STOP «
(I’'C ACK / AUX ACK)
5 ACK «Data0»
(I’C clock stretched by
uPacket TX before ACK
to Data0)
6 SYNC» 0100]0000»
00000000 0]1001000»
0000|0000 » Data0»
STOPM»
(MOT = 1, the same I°C
address, Length = 1 byte)
Wait up to 300us Data0» ACK «
SYNC <€ 00000000 4
STOP «
(I’C ACK/AUX ACK)
9 ACK «Datal »
(IC clock stretched by
uPacket TX before ACK
to Datal)
10 SYNC» 0100]0000»
00000000 01001000 »
0000]0000» Datal »
STOP»
(MOT = 1, the same I°C
address, Length = 1 byte)
11 Wait up to 300us Datal > ACK <
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I2C Transaction in the

AUX Request Transaction

AUX Reply Transaction by

IC Transaction in

Source Device by uPacket TX uPacket RX the Sink Device
12 SYNC «€0000]0000 «
STOP «
(I’'C ACK/AUX ACK)
13 | ACK 4Data2p»
(IC clock stretched by
uPacket TX before ACK
to Data2)
14 SYNC» 0100]0000»
00000000 0]1001000»
0000|0000 » Data2 »
STOP»
(MOT = 1, the same I°C
address, Length = 1 byte)
15 Wait up to 300us Data2» ACK «
16 SYNC «€0000]0000 «
STOP «
(I°'C ACK / AUX ACK)
17 | ACK«4STOPM
18 SYNC» 0000]0000»
00000000 0]1001000»
STOP»
(Address-only transaction
with MOT = 0 and the same
I°C address, indicating I*C
STOP to uPacket RX)
19 Wait up to 300us STOP»
20 SYNC «€0000]0000 «
STOP «
(I’C ACK / AUX ACK)

VESA DisplayPort Standard MEMBER USE ONLY. DISTRIBUTION TO NON-MEMBERS IS PROHIBITED.
©Copyright 2007-2010 Video Electronics Standards Association

Ver.1.2
Page 178 of 515




e I’C Write mapping method 1 with a slower I°C bus in the Sink device:

In the version shown in Table 2-70, the bit rate of the I°C bus in the Sink device is set to 25kHz (= 40us per

bit). At this bit rate, the I°C slave in the Sink device cannot acknowledge even a single byte within the 300us
of the Response Time-out period. The DP TX must issue an I°C Status Update Request in order to work with
such a slow I°C bus in the Sink device.

Table 2-70: I>’C Write Transaction Method 1 with a Slow I>’C Bus in the Sink Device

I’C Transaction in the | AUX Request Transaction | AUX Reply Transaction | I*C Transaction in the
Source Device by uPacket TX by uPacket RX Sink Device
1 STARTM»
1001000j0»
(I*C Write with I’C
address = 1001000;
I°C clock stretched by
uPacket
TX before ACK)
2 SYNCP» 01000000 »
00000000 0]1001000»
STOPM»
(Address-only transaction,
with MOT = 1 and I°C
address = 1001000)
3 Wait up to 300us STARTM
1001000|0»
(uPacket RX doesn’t
get ACK to I°C address
before Reply Time-out
expires)
4 SYNC «€1000]/0000 «
STOP «
(I’C DEFER / AUX ACK)
5 SYNC» 0110]0000»
00000000 01001000 »
STOPM»
(Write Status Update
Request with MOT = 1 and
the same I°C address)
6 Wait up to 300us ACK <«
(uPacket RX gets ACK
to I°C address)
7 SYNC <€ 0000|0000 «
STOP «
(I’C ACK / AUX ACK)
8 ACK 4Data0p»
(I’C clock stretched by
uPacket TX before ACK
to Data0)
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IC Transaction in the

AUX Request Transaction

AUX Reply Transaction

IC Transaction in the

Source Device by uPacket TX by uPacket RX Sink Device
9 SYNCP» 01000000
00000000 0/1001000»
0000|0000 » Data0 »
STOP»
(MOT = 1, the same I°C
address, Length = 1 byte)
10 Wait up to 300us Data0O»
(uPacket RX does not
get ACK for Data 0
write before Reply
Time-out expires)
11 SYNC «41000/0000 <
STOP «
(I’C DEFER / AUX ACK)
12 SYNC» 01100000 »
00000000 0]1001000»
STOPM»

(Write_Status Update
Request with MOT = 1 and
the same I°C address)

13 Wait up to 300ps ACK <«
(uPacket RX gets ACK
to Data 0 write)

14 SYNC <€0000[0000 <«

STOP <
(I’C ACK / AUX ACK)

IS5 | ACK «Datal »
(IC clock stretched by

uPacket TX before ACK
to Datal)
16 SYNC» 01000000 »
00000000 0]1001000»
0000]0000» Datal »
STOP»
(MOT = 1, the same I°C
address, Length = 1 byte)
17 Wait up to 300us Datal >
(uPacket RX does not
get ACK for Datal
write before Reply
Time-out expires)
18 SYNC «€1000]/0000 <
STOP «
(I’C DEFER / AUX ACK)
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IC Transaction in the

AUX Request Transaction

AUX Reply Transaction

IC Transaction in the

Source Device by uPacket TX by uPacket RX Sink Device
19 SYNCP0110/0000»
00000000 0/1001000»
STOP»
(Write_Status_Update
Request with MOT = 1 and
the same I°C address)
20 Wait up to 300us ACK <«
(uPacket RX gets ACK
to Data 1 write)
21 SYNC «€0000]0000 <
STOP «
(I°'C ACK / AUX ACK)
22 | ACK «4Data2p
(I’C clock stretched by
uPacket TX before ACK
to Data2)
23 SYNCP» 01000000
00000000 0]1001000»
0000|0000 » Data2 »
STOP»
(MOT = 1, the same I°C
address, Length = 1 byte)
2 Wait up to 300us Data2»
(uPacket RX doesn’t
get ACK for Data 2
write before Reply
Time-out expires)
25 SYNC «€1000/0000 <
STOP «
(I°C DEFER / AUX ACK)
26 SYNC» 01100000 »
00000000 0]1001000»
STOP»
(Write_Status_Update
Request with MOT = 1 and
the same I°C address)
27 Wait up to 300ps ACK <
(uPacket RX gets ACK
to Data 2 write)
28 SYNC «€0000/0000 <
STOP «
(I°'C ACK / AUX ACK)
29 | ACK «STOPM»
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I’C Transaction in the | AUX Request Transaction | AUX Reply Transaction | I’C Transaction in the
Source Device by uPacket TX by uPacket RX Sink Device
30 SYNCP» 0000[0000»
00000000 0/1001000»
STOP»
(Address-only transaction
with MOT = 0 and the same
I°C address, indicating 12C
STOP to uPacket RX)
3 Wait up to 300us STOPM
32 SYNC «40000/0000 <
STOP «
(I’C ACK / AUX ACK)
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e I’C Write Mapping Method 2:

I°C address byte transfer is mapped into address-only AUX transaction, while the write of multiple data bytes
is mapped into a single AUX transaction (as long as the number of bytes is equal to or fewer than 16 bytes,
which is the maximum burst data byte size of AUX transaction).

As a variation of method 2, DP TX may combine the entire transaction (I’C address transfer and data bytes
write) into a single AUX transaction.

Method 2 is faster than method 1. However, if the I°C slave in the Sink non-acknowledges the Write Data
Byte, the I°C Master in the Source will not know which byte was non-acknowledged.

In the example shown Table 2-71, four bytes of data (Data0 to Data 3) are written. The bit rate of the I’C bus
in a Sink device is set to 100kHz (= 10us per bit). At this bit rate, the I’C slave in the Sink device can
acknowledge up to three bytes within the 300us of Response Time-out period.

Table 2-71: I’C Write Transaction Method 2

I’C Transaction AUX Request Transaction | AUX Reply Transaction I>C Transaction
in Source Device by uPacket TX by uPacket RX in Sink Device
1 | STARTM»
1001000/0»
(I*C Write with I°C
address = 1001000,
I°C clock stretched by
uPacket TX before ACK)
2 SYNCK» 01000000 »
00000000 0]1001000»
STOP M

(Address-only transaction,
with MOT = 1 and I’'C
address = 1001000)

3 Wait up to 300us STARTM» 1001000[0»
ACK «
4 SYNC <€ 00000000 «
STOP «
(I°'C ACK / AUX ACK)
5 | ACK«
Data0O» ACK «
Datal » ACK 4
Data2» ACK 4
Data3»> ACK «
STOP»
6 SYNC» 0000]0000»
00000000» 0/1001000»
0000]0011» Data0»
Datal » Data2 » Data3 p
STOP»

(MOT =0, the same I’C
address, Length = 4 bytes,
indicating 12C STOP to
uPacket RX after 4 bytes of
Write)
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I’C Transaction AUX Request Transaction | AUX Reply Transaction I’C Transaction
in Source Device by uPacket TX by uPacket RX in Sink Device
7 Wait up to 300ps Data0» ACK <
Datal > ACK «
Data2 > ACK «
8 SYNC «€0000/0000 < Data3» ACK <
00000011 € STOP « STOP»
(IC ACK/AUX ACK, (uPacket RX gets ACK
three bytes written to I°C to Data3 write while
slave) sending AUX Reply to
uPacket TX)
9 SYNCP»0010[0000»
00000000 0]1001000»
STOP»
(Write_Status Update Req
uest with MOT = 0 and the
same I°C address)
10 SYNC €0000/0000 <«
STOP «
(’C ACK/AUX ACK,
indicating R of the completion
of the four byte Write to I*C
Slave in Sink)

2.7.5.3 1°C Read Transaction

In this section, the mapping of an I°C read transaction onto AUX transaction(s) is described using two
examples in which first example two bytes and in the second example 10 bytes are read. An I°C master in the
Source device will initiate an I°C read transaction to an I°C slave in the Sink device via the AUX CH between
uPacket TX (in the Source device) and uPacket RX (in the Sink device).

In the examples shown in this section the I°C Slave in the Sink device acknowledges the I°C Read. When the
I°C slave non-acknowledges the I’C Read (I*C address not supported), what corrective action to take is up to
the I°C Master in the Source device and beyond the scope of this Standard.

Example 1: I°C Read of Two Data Bytes
START» 1001000/1 » ACK «4Data0 4 ACK» Datal «NACK» STOP»
e I’C Read Mapping Method 1

In method 1, the I°C address byte transfer, and each data byte read are mapped into separate AUX
transactions. In the example shown in Table 2-72, the bit rate of the I’C bus in the Sink device is set to
100kHz (= 10ps per bit). At this bit rate, the I°C slave in the Sink device can send each byte within the 300us
of Response Time-out period.
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Table 2-72: I’C Read Transaction Method 1

I°C Transaction AUX Request Transaction | AUX Reply Transaction I’C Transaction
in Source Device by uPacket TX by uPacket RX in Sink Device
1 STARTM»
1001000]1»
(I°C read with I°C address
=1001000;
I’C Clock stretched by
uPacket TX before ACK)
2 SYNC» 0101/0000»
00000000 01001000 »
STOPM»
(Address-only I°C read with
MOT = 1 and I’C address =
100100)
3 Wait up to 300us STARTM
1001000/1»> ACK «
4 SYNC <€ 0000|0000 <«
STOP «
(I’C ACK / AUX ACK, I’C
address is acknowledged)
5 ACK <«
(I’C clock stretched by
uPacket TX after ACK)
6 SYNC» 0101|0000 »
00000000 0]1001000»
00000000 STOP»
(I°C read with MOT = 1, the
same I°C address, and
Length = 1 byte)
7 Wait up to 300us Data( <
8 SYNC <€ 00000000 <
Data0 €4 STOP «
(I’C ACK / AUX ACK,
sends Data0)
9 Data) 4ACK»
(I°C clock stretched by
uPacket TX after ACK)
10 SYNC»0101/0000»
00000000 0]1001000»
0000[0000» STOP»
(I*C read with MOT = 1, the
same I°C address, and
Length = 1 byte)
11 ACKPDatal «
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I’C Transaction AUX Request Transaction | AUX Reply Transaction I’C Transaction
in Source Device by uPacket TX by uPacket RX in Sink Device
12 SYNC «€0000]0000 <
Datal € STOP «
(I’C ACK / AUX ACK,
sends Datal)
13 | Datal «NACKM
STOP»
14 SYNCP0001]0000»
00000000 0]1001000»
STOPM»
(Address-only I°C read with
MOT = 0 and the same I°C
address, indicating the 12C
STOP to uPacket RX)
15 SYNC «€0000]0000 < NACKMPSTOP»
STOP «
(I°'C ACK / AUX ACK)
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I°C Read Example 2

STARTP» 10010001 » ACK 4Data0 4 ACK» Datal 4 ACKP Data2 4 ACKP Data3 4«ACK»

Data4 A ACK P Data5 4« ACK P Data6 4 ACKP Data7 4 ACK P Datal8 4ACK P
Data9 «NACK» STOP P>

e I°C Read Mapping Method 2

In Method 2, uPacket TX pre-fetches read data from the I°C slave in the Sink device via the uPacket RX in
order to speed up the read operation. As is the previous example, the bit rate of the I’C bus in the Sink device
is set to 100kHz (= 10us per bit). At this bit rate, the I’C slave in the Sink device can send back up to three
bytes within the 300us of Response Time-out period.

Table 2-73: I’C Read Transaction Example 2

I’C Transaction AUX Request Transaction | AUX Reply Transaction I’C Transaction
in Source Device by uPacket TX by uPacket RX in Sink Device
1 STARTM»
1001000]1 »
(I°C read with I°C address
=1001000;
I’C clock stretched by
uPacket TX before ACK)
2 SYNC» 0101|0000 »
00000000 0]1001000»
0000[1111»STOPM»
(I*C read with MOT = 1,
I°C address = 100100, and
Length = 16 bytes)
3 Wait up to 300us STARTM
1001000]1» ACK <«
(uPacket RX gets ACK
to I’C address and
Data0)
4 SYNC <€ 00000000 «
STOP «
(I°C ACK / AUX ACK, I’C
address is acknowledged,
but no data available yet)
5 ACK« SYNC» 0101|0000 » Data0 € ACK»
(I’C clock stretched by 00000000 0]1001000»
uPacket TX after ACK) 0000[1111»STOPM»
(I°C read with MOT = 1, the
same [°C address, and
Length = 16 bytes)
6 Wait up to 300us Datal 4 ACK»
Data2 €4 ACK»
Data3 €4 ACK»>
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I’C Transaction AUX Request Transaction | AUX Reply Transaction I’C Transaction
in Source Device by uPacket TX by uPacket RX in Sink Device
7 SYNC <€ 00000000 «
Data0 « Datal «€ Data2 €
Data3 4STOP «
(I*C ACK / AUX ACK,
sends Data0 to Data 3)
8 Data0 4ACK» SYNCM0101]0000» Data4 €4 ACK P
00000000 01001000 »
0000[1111»STOPM»
(I’C Read with MOT =1,
the same I°C address, and
Length = 16 bytes)
9 Datal 4ACKM» Wait up to 300us Data5 €4 ACK»
Data2 4« ACK» Data6 4 ACK»
Data7 4 ACKP>
10 | Data3 4ACKM SYNC <€ 0000|0000 «
(I’C clock stretched by Data4 € Data5 € Data6 «
uPacket TX after the last Data7 4 4STOP «
ACK as needed) (I’C ACK / AUX ACK,
sends Data4 to Data7)
11 | Data4 4ACKM» SYNC» 0101|0000 » Data8 € ACK»
00000000 01001000 »
0000[1111»STOPM»
(I*C Read with MOT = 1,
the same I°C address, and
Length = 16 bytes)
12 | Data5 4ACK» Wait up to 300ps Data9 €< ACK»
Data6 4ACK» Datal0 €4 ACKP»
Datal 1l <« ACK»
13 | Data7 4ACKM» SYNC <€ 00000000 <
(IC clock stretched by Data8 « Data9 € Datal0 <«
uPacket TX after the last Datall €« 4STOP «
ACK as needed) (I’C ACK / AUX ACK,
sends Data8 to Datall)
14 | Data8 4ACKM SYNC» 01010000 » Datal2 €4 ACK»
00000000 01001000 »
0000[1111»STOPM»
(I°C Read with MOT = 1,
the same I°C address, and
Length = 16 bytes)
15 | Data9 «NACK M Wait up to 300us Datal3 €4 ACK»
STOPM» Datal4 €4 ACK»
Datal5 €4 ACKD»
16 SYNC <€ 00000000 «
Datal2 « Datal3 <«
Datal4 «
Datal5 4 4«STOP «
(I*C ACK / AUX ACK,
sends Datal2 to Datal5)
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I’C Transaction AUX Request Transaction | AUX Reply Transaction I’C Transaction

in Source Device by uPacket TX by uPacket RX in Sink Device
17 SYNCP0001]0000» Datal6 4ACK M
00000000 0]1001000»
STOPM»

(Address-only I°C read with
MOT = 0 and the same I°C
address, indicating the 12C

STOP to uPacket RX)
18 SYNC <€0000|0000 <« Datal7 4«NACK»
STOP <« STOP»
(I’C ACK / AUX ACK)

It should be noted that the I’C slave does not have a prior knowledge of how many bytes its I°C master wants
to read. The I°C slave keeps sending out read data bytes until its master issues an I’'C NACK. I°C -over-AUX
syntax supports this paradigm. A uPacket TX which may be an I°C slave to its master (e.g., GPU software
driver) will issue I’C -over-AUX read request transaction with LEN set to 0 (that is, requesting one byte) and
MOT bit set to 1. When it’s master NACKs, a uPacket TX will send address-only read I°C -over-AUX read
request with MOT bit set to 0.

In some implementations, however, a uPacket TX may have prior knowledge of exactly how many bytes it
wants to read via I°C -over-AUX read transaction(s). This may be the case when a GPU with an integrated
uPacket TX is sending MCCS commands via DDC/CI transport mechanism; the GPU software driver, in this
scenario, may synthesize I°C -over-AUX transaction, instead of a uPacket TX translating I°C into I*C -over-
AUX transaction.

If the number of bytes to be read is known and is equal to or fewer than 16, a uPacket TX may initiate an I°C -
over-AUX read request transaction with LEN set to the number of bytes minus 1 and MOT bit set to 0. A
uPacket RX will issue I°C stop condition to its I’C slave after it has read number of bytes equal to LEN + 1.
When the uPacket RX can read only a number of bytes that is fewer than [LEN +1], the uPacket TX may
repeat the same request transaction. Even in this condition, the uPacket RX will issue I°C stop condition to its
I°C slave after it has read the number of bytes equal to LEN + 1.

If the number of bytes to be read is greater than 16, a uPacket TX may initiate an I’C -over-AUX read request
transaction with LEN set to 15 (= 16 bytes) and MOT bit set to 1. From the next transaction on, the

uPacket TX will reduce the LEN value to the number of read data bytes a uPacket RX can send out in a single
I°C -over-AUX read reply transaction so that the number of bytes a uPacket RX reads from its I°C slave
matches that a uPacket TX receives from a uPacket RX. When the remaining number of bytes becomes equal
to or fewer than 16 bytes, a uPacket TX may request the exact number of remaining bytes with MOT bit set to
0.

2.7.5.4 1°C Write Followed by 1°C Read

When the I’C write is followed by an I’C Read via Repeated Start condition as defined in the IC
Specification, the MOT bit of the Request Command field must stay = 1 while the transaction switches from
I°C write to I°C read. Upon detecting this condition, the uPacket RX must generate an I°C Repeated Start
condition and switch from I>C write to I°C read.

In this section, the mapping of an I°C write transaction followed by an I°C Read transaction onto AUX
transactions is described using an example in which one data byte is written to set an address offset within a
256-byte I°C data block and two data bytes are read.
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The I*C Write Mapping Method 1 and the I°C Read Mapping Method 1 are used in this example. The DP TX

may use other methods as described in the previous sections.

In the following description, the I’C slave in the Sink device acknowledges the I’C transaction. When the I°C
slave non-acknowledges it, what corrective action to take is up to the I°C master in the Source device and

beyond the scope of this Standard.
Example of I°C write followed by I°C read

STARTP» 1001000|0» ACK 4Data0» ACK 4 REPEATED START» 1001000|1 » ACK 4Data0’ «

ACKP Datal’ 4« NACK» STOPM
Table 2-74: I’C Write Followed by an I’C Read

I’C Transaction in the | AUX Request Transaction | AUX Reply Transaction

I2C Transaction in

Source Device by uPacket TX by uPacket RX the Sink Device
1 STARTM»
1001000[0»
(I’C write with I°C
address = 1001000; I°C
clock stretched by
uPacket TX before ACK)
2 SYNCP 0100]0000»
00000000 0[1001000»
STOP»
(Address-only transaction,
with MOT = 1 and I°C
address = 1001000)
3 Wait up to 300us STARTM
1001000[0»> ACK «
4 SYNC «€0000]0000 <
STOP«
(I’C ACK / AUX ACK)

5 | ACK«Data0»
(IC clock stretched by

uPacket TX before ACK
to Data0)
6 SYNC» 01000000 »
00000000 0]1001000»
0000|0000 » Data0»
STOP»
(MOT = 1, the same I°C
address, Length = 1 byte)
7 Wait up to 300us Data0» ACK «
8 SYNC <€ 0000|0000 4«STOP
<
(I*C ACK / AUX ACK)
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I’C Transaction in the | AUX Request Transaction | AUX Reply Transaction I’C Transaction in
Source Device by uPacket TX by uPacket RX the Sink Device
9 | ACK«
REPEATED STARTM
1001000]1»
(Switches to I°C read after
issuing
REPEATED START
condition with the same
I°C address. I°C clock
stretched by uPacket TX
before ACK to I°C read
address)
10 SYNC» 0101|0000 »
00000000 0]1001000»
STOPM»
(Address-only I°C read with
MOT = 1 and the same I’C
address, indicated 12C
REPEATED START
condition to uPacket RX)
11 Wait up to 300us REPEATED START
|
10010001 » ACK «
12 SYNC <€ 00000000 <
STOP «
(I’C ACK / AUX ACK, I’C
address is acknowledged)
13 | ACK <« (I*C clock
stretched by uPacket TX
after ACK)
14 SYNCP 01010000
00000000 0]1001000»
00000000 STOP»
(I°C read with MOT = 1, the
same I°C address, and
Length = 1 byte)
15 Wait up to 300us Data0’ <«
16 SYNC «€0000]0000 <
Data0’ €4 STOP «
(I’C ACK / AUX ACK,
sends Data0’)
17 | Data0’ 4«ACKM
(I’C clock stretched by
uPacket TX after ACK)
18 SYNC» 0101|0000 »
00000000 01001000 »
00000000 STOP»
(I°C read with MOT = 1, the
same [°C address, and
Length = 1 byte)
19 ACKPDatal’ «
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I’C Transaction in the | AUX Request Transaction | AUX Reply Transaction I’C Transaction in
Source Device by uPacket TX by uPacket RX the Sink Device

20 SYNC <€ 00000000 «
Datal’ € STOP «

(I’C ACK / AUX ACK,
sends Datal’)

21 | Datal’ «NACKM»
STOP»

22 SYNCP0001]0000»
00000000 0]1001000»
STOP»

(Address-only I°C read with
MOT = 0 and the same I*C
address, indicating the 12C
STOP to uPacket RX)

23 SYNC €0000]|0000 < NACK» STOPP»
STOP <«
(I’C ACK / AUX ACK)

2.7.6 Conversion of I’C Transaction to Native AUX Transaction (Informative)

Conversion of an I’C transaction into a Native AUX transaction by the uPacket TX is implementation-specific
and is beyond the scope of this Standard.

When the mapping of I°C transaction over the AUX CH, the translation of I°C to AUX transaction by the
uPacket TX and that of the AUX to the I’C by the uPacket RX must agree with each other. Therefore, the
translation mechanism is defined in this Standard.

The conversion of an I°C transaction to a native AUX transaction by the uPacket TX is transparent to the
uPacket RX. Whether it is converted from an I°C transaction or not, the uPacket RX will receive the same
Native AUX transaction. It is for this reason that the conversion of an I°C transaction into a Native AUX
transaction by the uPacket TX is beyond the scope of this Standard.

It should be noted that a Sink device is to reply to an IC-over-AUX request transaction with AUX DEFER
when it is not ready to receive an AUX transaction (as is the case with a native request transaction). When a
Source device receives an AUX DEFER reply, it must repeat the same request transaction if it wants to retry
it.

2.7.7 I’C-overAUX Transaction Clarifications and Implementation Rules

This section provides clarifications to I?C-over-AUX implementations. The objective is to eliminate
interoperability issues that may be caused by varying interpretations of the specification.

A single I’C transaction may be (or is likely to be) divided into multiple I*C-over-AUX transactions. This is
because the maximum number of data bytes per I’C-over-AUX transaction is limited to 16 bytes while I*C
specification does not prohibit even the infinite number of burst write/read operations.

A Source device may initiate Native AUX transactions in between I’C-over-AUX transactions for a given I°C
transaction. However, a Source device must not interleave I°C-over-AUX transactions for multiple I*C
transactions: It must complete or terminate one I°C transaction before starting I’C-over-AUX transactions for
another I°C transaction. It should be noted that each AUX transaction, whether it is a native transaction or an
I’C-over-AUX transaction, consists of a request transaction initiated by a Source device and a reply
transaction by a Sink device. Until it has received a reply transaction for the current request transaction, the
Source device must not initiate another request transaction.
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The syntax of the I°C transactions is very much implementation-dependent. The syntax specification does not
assume any fixed I°C transaction syntax in an attempt to make it applicable to any I°C implementation. The
I°C master of a uPacket RX in a Sink device will “imitate” the I2C_SCL/I2C_DAT waveforms of those
received by the I’C slave of a uPacket TX in a Source device (with the exception of the timing of I°C clock
stretching as described in Section 2.7.7.1.6.8 and Section 2.7.7.2.6 of this document).

A uPacket TX in a Source device acting as an I°C slave and AUX Requester may not know how many data
bytes its I°C master is intending to write or read in an I°C transaction. Unless it knows the number of data
bytes at the beginning of an I°C transaction, the uPacket TX is recommended to generate I’C-over-AUX
transactions with LEN value equal to 0 corresponding to one data byte. This way, the uPacket TX will not
write or read more bytes than intended by its I’C master.

As far as the bit rate is concerned, the I’C specification lists certain bit rates (100k-/400k-/3.4M-bits/sec or
bps) and the VESA E-DDC Standard (based on I’C as the PHY) notes the bit rate of 100kbps. In reality,
however, the I°C bit rate is very dependent on implementations and “channel” qualities. Over a long-reach
VGA cable, for example, it is common for a DDC master to have to reduce the bit rate down to 1k ~ 10kbps.
The AUX CH bit rate, in comparison, is strictly required to be in the range of 1Mbps +/- 20% per Manchester
format AUX transaction specification. The IC-over-AUX specification comprehends this inherent difference
(and the variation of the difference) of the bit rates between I°C and AUX CH. The extension of DPCD field
for Sink device to declare its I°C bit rate capability and for Source device to set the I°C bit rate among those
rates supported by the Sink device further adds to the robustness of the I’C-over-AUX specification for
bridging the bit rate gap.

2.7.7.1 Clarifications for a Source Device
This section describes the clarifications for a Source device.

2.7.7.1.1 Downstream I°C Bit Rate Detection/Configuration

The extension to the DPCD field for a uPacket RX to declare its I°C bit rate capability and for a uPacket TX
to set the I°C bit rate among those rates supported by the uPacket RX should be referenced. Alternatively, an
uPacket TX and an uPacket RX may set the I°C bit rate in a vendor-specific manner.

At a low bit rate, the I’C slave interfacing with the I°C master within the uPacket RX takes a long time to
accept/send bytes. At 1kbps, for example, the transport of one byte including ACK/NACK takes about 10ms.
Therefore, the uPacket TX must extend the interval of successive I’C-over-AUX transactions in case the
downstream I°C bit rate is low.

When an MST Source device is accessing the I°C slave of a DP device connected to via multiple MST Branch
devices, the MST Source device must get the I°C bit rate of the DP device with the I°C slave and set the
desired bit rate by originating REMOTE_12C READ and REMOTE_12C WRITE message transactions to
the last MST Branch device driving the DP device. After setting the I°C bit rate, the MST Source device
originates a REMOTE 12C message transaction to the last MST Branch device that generates the
corresponding I’C-over-AUX transactions.

2.7.7.1.2 Prompting the Termination of I°C Transaction
An address-only I?C-over-AUX (either write or read) with MOT bit set to 0 prompts the Sink device to issue
I°C STOP condition to its I’C slave any time, even before the current I’C transaction is completed.

An address-only I?C-over-AUX with MOT bit set to 0 must not be issued when there is no on-going I’C-over-
AUX transaction. If a Source device wants to initiate an I°C transaction to a certain I°C Device Address and
then terminate it, the following I*C-over-AUX transactions must be used:

0 Address-only transaction with MOT set to 1
O Address-only transaction with MOT set to 0
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2.7.7.1.3 MOT Bit

The MOT bit set to 0 prompts the Sink device to issue I2C STOP condition to its I’C slave after completing
the current I’C-over-AUX transaction. As noted above, a Source device may issue an address-only I°C- over-
AUX (either write or read) with MOT bit set to 0 any time to terminate the current I°C transaction even before
its completion.

2.7.7.1.4 Prompting Repeatedd I°C Start Condition

A Source device may issue I’C-over-AUX with MOT set to 1, then issue another I’C-over-AUX to the same
I°C Device Address, but a different command (that is, write followed by read or read followed by write). This
action by the Source device prompts the Sink device to initiate the second I’C transaction following Repeated
I°C Start, instead of 12C STOP.

A Source device may also issue I*C-over-AUX with MOT set to 1, then issue another I’C-over-AUX to a
different I’C Device Address either with the same command or a different command. This action also prompts
the Sink device to initiate the second I°C transaction following Repeated Start condition, instead of [2C STOP
condition.

2.7.7.1.5 I°C-write-over-AUX
A Source device may start ’C-write-over-AUX request transaction either with:

- An address-only I*C-write-over-AUX with MOT bit set to 1, or
- Address+LEN+Data bytes I’C-write-over-AUX with MOT bit set to either 0 or 1

The remainder of this section describes the permissible I’C-over-AUX transactions following various replies
from the Sink device. The Source device may issue a Native AUX transaction in between I°C-over-AUX
transaction even before a given I°C transaction is completed/terminated.

2.7.7.15.1  Upon Receiving the Reply of 12C_ACK|AUX_ACK Followed by no “M” Value to a Request Transaction
with MOT Bit Set to 0

The IC transaction is completed. The Source device may initiate another AUX transaction, whether it is
native AUX transaction or I’C-over-AUX transaction to either the same or different I*C Device Address.

2.7.7.1.5.2 Upon Receiving the Reply of 12C_ACK|AUX_ACK Followed by No “M” Value to a Request
Transaction with MOT Bit Set to 1
The Source device must issue one of the following two I*’C-over-AUX transactions

0 Proceed with the next I’C-over-AUX transaction either with the same or different I°C Device
Address. The transaction may be either I"C-write-over-AUX or I’C-read-over-AUX.

- Ifthe ensuing I’C-over-AUX request transaction is either read or to a different I’C
Device Address, the I°C master within the uPacket RX must issue a REPEATED START
condition to its I’C Device Address

0 Issue an address-only I?C-over-AUX with MOT bit set to 0 to prompt 12C STOP to terminate the
current I’C-write-over-AUX transaction.

2.7.7.15.3 Upon I12C_DEFERJAUX_ACK Reply, with MOT Bit in Request Transaction Set to 0 or 1
The Source device must either:

0 Issue I2C_WRITE STATUS UPDATE command, or

0 Issue an address-only I°C-over-AUX with MOT bit set to 0 to prompt I2C STOP to terminate the
current I’C-write-over-AUX transaction.
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2.7.7.1.5.4 Upon the Reply of 12C_ACK|AUX_ACK Followed by “M” Value to the I°C-write-over-AUX, to a
Request Transaction with MOT Bit Set to Either 0 or 1
The Source device must either:

0 Issue [2C_ WRITE STATUS UPDATE command, or

0 Issue an address-only I?C-over-AUX with MOT bit set to 0 to prompt I2C STOP to terminate the
current I*C-write-over-AUX transaction.

2.7.7.15.5 Upon Receiving 12C_NACKJAUX_ACK Reply Followed by Either “M” Value or no “M” Value, to a
Request Transaction with MOT Bit Set Either to 0 or 1

After stopping the current I’C transaction by issuing Address-only I?C-over-AUX transaction with MOT set
to 0, the Source device may start another AUX transaction. As one of the possible transactions, it may attempt
the I*C-write-over-AUX transaction to the same I’C Device Address in order to make sure that the Sink
device consistently 2C_NACKs

2.7.7.15.6 Upon Receiving AUX_DEFER Reply to a Request Transaction with MOT Bit Setto 0 or 1
The Source device must either:

0 Repeat the identical I’C-write-over-AUX transaction keeping the same LEN value and Data
bytes, or

0 Issue an address-only I’C-over-AUX with MOT bit equal to 0 to prompt I2C STOP to terminate
the current I>C-write-over-AUX transaction

2.7.7.1.5.7 Upon Receiving AUX_NACK Reply Followed by Either “M” Value or no “M” Value

The Source device may initiate another AUX transaction. (A Sink device must not reply with AUX NACK to
>C-write-over-AUX transaction unless there is a mismatch between the LEN+1 value and the number of
received data bytes.)

277158 No Reply

The Source device may initiate another AUX transaction. (A Sink device must reply unless it either has
detected an illegal command or is in a power-save mode due to the write of 02h value to DPCD Address
00600h by the Source device via a Native AUX transaction.)

2.7.7.1.6 I’C-read-over-AUX
A Source device may start I’C-read-over-AUX request transaction either with:

- An address-only I°C-read-over-AUX with MOT set to 1, or
- An “Address+tLEN” I’C-read-over-AUX with MOT set to either 0 or 1

The remainder of this section describes the permissible I’C-over-AUX transactions following various replies
from the Sink device. The Source device may issue a native AUX transaction in between I?C-over-AUX
transaction even before a given I°C transaction is completed/terminated.

2.7.7.1.6.1  Upon Receiving the Reply of 12C_ACK|AUX_ACK Followed by the “Total” Number of Data Bytes
Equal to LEN+1, to a Request Transaction with MOT Set to 0

The I°C transaction is completed. The Source device may initiate another AUX transaction, whether it is
native AUX transaction, I°C-over-AUX transaction to either the same or different I°C Device Address.
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2.7.7.1.6.2 Upon Receiving the Reply of 12C_ACK|AUX_ACK Followed by the “Total” Number of Data Bytes
Equal to LEN+1 to a Request Transaction with MOT Set to 1
The Source device must issue one of the following two I’C-over-AUX transactions

0 Proceed with the next I’C-over-AUX transaction either with the same or different I’C Device
Address. The transaction may be either I°C-write-over-AUX or I’C-read-over-AUX.

- If the ensuing I’C-over-AUX request transaction is either a write to any address or a read
to a different I’C Device Address, the I°C master within the uPacket RX must issue a
REPEATED START condition to its I°C Device Address

0 Issue an address-only I’C-over-AUX with MOT bit set to 0 to prompt I2C STOP to terminate the
current I°C-read-over-AUX transaction.

2.7.7.1.6.3 Upon 12C_DEFER|JAUX_ACK Reply, to a Request Transaction with MOT Bit Setto 0 or 1
The Source device must either:

0 Repeat the identical I’C-read-over-AUX transaction keeping the same LEN value, or

0 Issue an address-only I°C-over-AUX with MOT bit set to 0 to prompt I2C STOP to terminate the
current I°C-write-over-AUX transaction.

2.7.7.1.6.4 Upon the Reply of 12C_ACK|AUX_ACK Followed by the Total Number of Data Bytes Fewer than
LEN+1, to a Request Transaction with MOT Bit Set Either to 0 or 1
The Source device must:

0 Repeat the identical I’C-read-over-AUX transaction with the updated LEN value equal to the
original LEN value minus the total number of data bytes received so far,

0 Repeat the identical I°C-read-over-AUX transaction with the same LEN value as the original
value, or,

0 Issue an address-only I°C-over-AUX with MOT bit set to 0 to prompt I2C STOP to terminate the
current I’C-read-over-AUX transaction.

It should be noted that when the Source device repeats the same I°C-read-over-AUX transaction with the
same LEN value as the original value, the Sink device is likely to read more data bytes than the Source device
needs.

2.7.7.1.6.5 Upon Receiving 12C_NACKJAUX_ACK Reply to a Request Transaction with MOT Bit Set to 0 or 1

For I°C read operation, I°C slave only asserts either ACK or NACK to the Device Address. For read data byte
transfer from the slave to the master, it is the I’C master that asserts either ACK or NACK. Because of this
fact, I2C NACK|AUX ACK reply to the I°C-read-over-AUX request transaction means that the I°C slave in
the Sink device has asserted NACK to the specified I°C Device Address.

The Source device has the following options:

0 Attempt an I*C-write-over-AUX to the same I°C Device Address in order to check whether the
Sink device consistently I2C_ NACK’s to that I°C Device Address

0 Address-only I’C- over-AUX with MOT = 0 to prompt the Sink device to terminate the current
I°C transaction

0 Initiates an I’C- over-AUX to a different I’C Device Address prompting the Sink device to issue a
Repeated I°C Start

2.7.7.1.6.6  Upon Receiving AUX_DEFER Reply to a Request Transaction with MOT Bit Setto 0 or 1
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The Source device may:
0 Repeat the identical I’C-read-over-AUX transaction keeping the same LEN value or

0 Issue Address-only I’C-over-AUX with MOT bit set to 0 to prompt I’C STOP to terminate the
current I’C-write-over-AUX transaction

2.7.7.1.6.7 No Reply

The Source device may initiate another AUX transaction. (A Sink device must reply unless it either has
detected an illegal command or is in a power-save mode due to the write of 02h value to DPCD Address
00600h by the Source device via a Native AUX transaction.)

2.7.7.1.6.8 Clock Stretching

For an address-only I*C-over-AUX with MOT bit set to 1 and data byte transfer portion of I?C-write-over-
AUX transaction, the I°C slave within a uPacket TX does not know in advance whether the uPacket RX will
reply with [2C_ACK or I2C_N