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IP Facts

Introduction

The DisplayPort TX Subsystem implements the
functionality of a video source as defined by
the Video Electronics Standards Association
(VESA®) DisplayPort standard v1.2a and
supports driving resolutions of up to Ultra HD
(UHD) at 60 fps. The Xilinx® DisplayPort
subsystems provide highly integrated but
straightforward IP blocks requiring very little
customization.

Features

« Support for DisplayPort Source (TX)
transmissions

« Supports multi-stream transport (MST) and
single stream transport (SST) at UHD at 60
fps

« Dynamic lane supports (1, 2, or 4 lanes)

« Dynamic link rate support
(1.62/2.7/5.4 Gb/s)

« Dynamic support of 8, 10, 12, or 16 bits per
component (BPC)

« Dynamic support of RGB/YCbCr444/
YCbCr422/Y-Only color formats

« Wide screen support with internal split of
up to two streams of the same resolution in
AXI4-Stream video interface mode

« Support 32 or 16-bit video PHY (GT)
interface

« Supports 2 to 8 channel audio
» Supports HDCP 1.3 encryption

« Supports native or AXI4-Stream video input
interface

DisplayPort TX Subsystem v2.1
PG199 June 17, 2019

LogiCORE IP Facts Table

Core Specifics

s q UltraScale+™ Families (GTHE4)
oupporte UltraScale™ Families (GTHE3)
SR Zynq®-7000 SoC (GTXE2)
Family(D(@)
Virtex®-7 (GTXE2) and Kintex®-7 (GTXE2)
Supported
User AXl14-Stream, AXl4-Lite, Native video
Interfaces
Resources Performance and Resource Utilization web page
Provided with Core
. . Hierarchical subsystem packaged with DisplayPort
Design Files TX core and other IP cores
Example Vivado IP Integrator
Design
Test Bench N/A

Constraints IP cores delivered with XDC files

File

Simulation

Model N/A
Supported

S/W Driver Standalone

Tested Design Flows®

Design Entry Vivado® Design Suite

For supported simulators, see the

Simulation Xilinx Design Tools: Release Notes Guide.

Synthesis Vivado Synthesis

Support

Provided by Xilinx at the Xilinx Support web page

www.Xxilinx.com

Notes:

1. For a complete list of supported devices, see the Vivado IP
catalog.

2. For HDCP: UltraScale/UltraScale+ supports up to 5.4 Gb/s,
Kintex-7/Virtex-7 (-1 speed grade supports up to 2.7 Gb/s, -2/
-3 supports up to 5.4 Gb/s), and Artix-7 is not supported.

3. For the supported versions of the tools, see the
Xilinx Design Tools: Release Notes Guide.
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Chapter 1

Overview

The DisplayPort TX Subsystem is a full feature, hierarchically packaged subsystem with a
DisplayPort Transmit (TX) core ready to use in applications in large video systems.

Feature Summary

UHD up to 60 fps supports up to four streams for multi-stream transport (MST) and
single stream transport (SST) modes

Dynamic lane supports (1, 2, or 4 lanes)

Dynamic support of different bits per color (6, 8, 10, 12 or 16) and line rates
Dynamic support of RGB/YCbCr444/ YCbCr422/Y-Only color formats
Support optional HDCP 1.3 Controller

Support for native and AXI4-Stream video input interface

Unsupported Features

DisplayPort TX Subsystem v2.1
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Audio in MST mode

In-band stereo

HDCP in MST mode.

HDCP 2.x

Video AXIl4-Stream interface is not scalable with dynamic pixel mode selection
Dual-pixel splitter in native video mode

eDP and iDP

GTC

Non-LPCM audio

No support for interlaced video in AXI4-Stream Interface
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Licensing and Ordering

License Type

This subsystem requires a license for the DisplayPort Transmit core, which is provided under
the terms of the Xilinx Core License Agreement. The subsystem is shipped as part of the
Vivado® Design Suite. For full access to all core functionalities in simulation and in
hardware, you must purchase a license for the core. To generate a full license, visit the
product licensing web page. Evaluation licenses and hardware timeout licenses might be
available for this core or subsystem. Contact your local Xilinx sales representative for
information about pricing and availability.

For more information about licensing for the core, see the DisplayPort Subsystem product
page.

Information about other Xilinx LogiCORE IP modules is available at the Xilinx Intellectual
Property page. For information on pricing and availability of other Xilinx LogiCORE IP
modules and tools, contact your local Xilinx sales representative.

TIP: To verify that you need a license, check the License column of the IP Catalog. Included means
O that a license is included with the Vivado Design Suite; Purchase means that you have to purchase a
license to use the core or subsystem.

License Checkers

If the IP requires a license key, the key must be verified. The Vivado design tools have
several license checkpoints for gating licensed IP through the flow. If the license check
succeeds, the IP can continue generation. Otherwise, generation halts with error. License
checkpoints are enforced by the following tools:

« Vivado Synthesis
« Vivado Implementation

« write_bitstream (Tcl command)

f IMPORTANT: /P license level is ignored at checkpoints. The test confirms a valid license exists. It does
not check IP license level.

DisplayPort TX Subsystem v2.1 N Send Feedback 6
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Chapter 2

Product Specification

The DisplayPort TX Subsystem, in both AXI4-Stream and native interface, operates in the
following video modes:

« Single stream transport (SST)

* Multi-stream transport (MST)

The DisplayPort TX subsystem outputs video using the DisplayPort v1.2a protocol and
works in conjunction with the Video PHY Controller, configured for the DisplayPort

protocol. For more information on the Video PHY Controller, see the Video PHY Controller
Product Guide (PG230) [Ref 2].

AXl4-Stream Video Interface

When configured with the AXI4-Stream interface, the subsystem is packaged with three
subcores:

« DisplayPort Transmitter core

« Video Timing Controller (VTC)

« DP AXlI4-Stream to Video Bridge

In MST mode, the subsystem also includes a dual splitter. In SST mode, the subsystem also

includes an optional HDCP controller for encryption and an AXI Timer core as a helper core
for HDCP functionality.

Because the DisplayPort TX Subsystem is hierarchically packaged, you select the parameters
and the subsystem creates the required hardware. Figure 2-1 shows the architecture of the
subsystem assuming MST with four streams. The subsystem includes a multi-pixel
AXlI4-Stream Video Protocol interface.

DisplayPort TX Subsystem v2.1 N Send Feedback 7
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s_axi_aclk

'

AXl4Lite

AXI Interconnect

A A A A A A J 4
. *Present only if
s_axis_aclk_stream1 \ A Y y GT width is 16
mﬁdkm, ! bP HDCP hdcp_ext_clk
Vid Str1 vid str1| AXI4S-Video | Video HDCR B L Controller
-— <] Bridge +VTC > > Key I/IF
Pixel \
m_aclk_stream2 Splitter/ / Timer Interrupt
_aciK_ »| Bypass AXI Timer ——————»
Vid Str2 Vid Str2 DP ,
< > - > AXI4S-Video | Video
Bridge +VTC o o )
> Main Link (Video Phy Interface)
s_axis_aclk_stream2 AUX Ll
s_axis_aclk_stream3 Y DlsplayPort HPD

Y

Transmitter |«

DP

- Vid Str3 »| AXI4S-Video Video=

Bridge +VTC

tx_Ink_clk
A
s_axis_aclk_stream4 ‘
Vid Str4 bP Video

- » AXI4S-Video >

Bridge +VTC
s_axis_audio_ingress_aclk
3 Audio -

o X14319-111315

Figure 2-1: DisplayPort TX Subsystem AXI4-Stream Video Interface Block Diagram
Note: MST HDCP is not supported.

Pixel Mapping on AXI4-Stream Interface

By default, the pixel mode is selected based on Pixel Frequency in the subsystem driver. The
following shows the different Pixel per Clock (PPC) for each pixel frequency:

« For 1 PPC, Pixel Frequency < 75 MHz.

« For 2 PPC, Pixel Frequency > 75 and < 300 MHz.
« For 4 PPC, Pixel Frequency > 300 MHz.

DisplayPort TX Subsystem v2.1 Send Feedback 8
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Also, you can override the pixel width dynamically. For example, if the driver selects a 2 pixel
mode as default, you can change the pixel mode to 1.

« For pixel mode of 1, valid pixels are available only in pixel 0 position.
« For pixel mode of 2, valid pixels are available only in pixel 0 and pixel 1 position.

« For pixel mode of 4, valid pixels are available only in pixel 0, pixel 1, pixel 2, and pixel 3
position.

The data width of the AXl4-Stream interface depends on different parameters of the core.
Pixel Width = MAX BPC x 3
Interface Width = Pixel Width x LANE COUNT

For example, if the system is generated using four lanes with MAX BPC of 16, the data width
of the AXI4-Stream interface is 16 x 4 x 3 = 192.

DisplayPort TX Subsystem v2.1 N Send Feedback 9
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Table 2-1 shows the pixel mapping examples for an AXl4-Stream interface implemented in
the DisplayPort TX Subsystem.

Chapter 2: Product Specification

Table 2-1: Pixel Mapping Examples on AXI4-Stream Interface
=

8) £ 8 o

&0 23 &

< Z 2 8 g Pixel 3 Pixel 2 Pixel 1 Pixel 0

-2 €3

= z|l g 5

£

4 |48 | 192 191:176 | 175:160 | 159:144 | 143:128 | 127:112 | 111:96 | 95:80 | 79:64 | 63:48 | 47:32 | 31:16 | 15:0

16 48 | 96 | 16 - - - - - - 95:80 |79:64 | 63:48 | 47:32 |31:16 | 15:0
1 |48 | 48 - - - - - - - - - | 47:32 |31:16 | 15:0
4 |36 |144 143:132 | 131:120 | 119:108 | 107:96 | 95:84 | 83:72 | 71:60 | 59:48 | 47:36 | 35:24 | 23:12 | 11:0

1202 (36| 72|12 - - - - - - 71:60 | 59:48 | 47:36 | 35:24 | 23:12| 11:0
1|36 36 - - - - - - - - - | 3524 |23:12| 11:0
4 |30 120 119:110 | 109:100 | 99:90 89:80 79:70 | 69:60 | 59:50 |49:40 | 39:30 | 29:20 | 19:10 | 9:0

10 2 |30 60 |10 - - - - - - 59:50 | 49:40 | 39:30 | 29:20 | 19:10 | 9:0
1130 30 - - - - - - - - - 129220 [19:10| 9:0
4 |24 96 95:88 87:80 | 79:72 71:64 63:56 | 55:48 | 47:40 |39:32|31:24 | 23:16 | 158 | 7:0

8|2 24|48 | 8 - - - - - - 47:40 |39:32 |31:24 | 23:16 | 15:8 | 7:0
1|24 | 24 - - - - - - - - - 23:16 | 15:8 7:0
4 |48 [ 192 191:180 | 175:164 | 159:148 | 143:132 | 127:116 | 111:100 | 95:84 | 79:68 | 63:52 | 47:36 | 31:20 | 15:4

16| 2 | 48| 96 | 12 - - - - - - 95:84 |79:68 | 63:52 | 47:36 |31:20 | 15:4
1 |48 | 48 - - - - - - - - - | 47:36 |31:20| 15:4
4 |36 |144 143:134 | 131:122 [ 119:110 | 107:98 | 95:86 | 83:74 | 71:62 | 59:50 | 47:38 | 35:26 | 23:14 | 11:2

1212 (36| 72|10 - - - - - - 71:62 | 59:50 | 47:38 | 35:26 | 23:14 | 11:2
1|36 36 - - - - - - - - - | 3526 |23:14 | 1122
4 |30 120 119:112 | 109:102 | 99:92 89:82 79:72 | 69:62 | 59:52 | 49:42 |39:32 | 29:22 | 19:12 | 9:2

10 2 30|60 | 8 - - - - - - 59:52 | 49:42 | 39:32 | 29:22 | 19:12 | 92
1130 30 - - - - - - - - - 12922 |19:12| 92
4 |24 96 95:90 87:82 | 79:74 71:66 63:58 | 55:50 | 47:42 |39:34|31:26 | 23:18 | 15:10 | 7:2

8|2 24|48 | 6 - - - - - - 47:42 |39:34 | 31:26 | 23:18 | 15:10 | 7:2
1 124 | 24 - - - - - - - - - 23:18 | 1510 | 7:2
4 |48 [ 192 191:182 | 175:166 | 159:150 | 143:134 | 127:118 | 111:102 | 95:86 | 79:70 | 63:54 | 47:38 | 31:22 | 15:6

16| 2 | 48|96 | 10 - - - - - - 95:86 |79:70 | 63:54 | 47:38 | 31:22 | 156
1 |48 | 48 - - - - - - - - - | 47:38 |31:22| 156
4 |36 |144 143:136 | 131:124 [ 119:112 | 107:100 | 95:88 | 83:76 | 71:64 |59:52 | 47:40 | 35:28 | 23:16 | 11:4

1212 (36|72 8 - - - - - - 71:64 | 59:52 | 47:40 | 35:28 | 23:16 | 11:4
1|36 36 - - - - - - - - - | 35:28 |23:16| 11:4

DisplayPort TX Subsystem v2.1
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Chapter 2: Product Specification

Table 2-1: Pixel Mapping Examples on AXI4-Stream Interface (Cont’d)
<
(S =) -
a a
=8 2 2 & . . . .
< 2 S 9 S Pixel 3 Pixel 2 Pixel 1 Pixel 0
AR
= zl g |5
£
4 |30 120 119:114 | 109:104 | 99:94 89:84 79:74 | 69:64 | 59:54 |49:44 |39:34 | 29:24 | 19:14 | 94
10 2 30|60 | 6 - - - - - - 59:54 | 49:44 | 39:34 | 29:24 | 19:14 | 9:4
1 {301 30 - - - - - - - - - ] 2924 [19:14| 9:4
4 |48 [ 192 191:184 | 175:168 | 159:152 | 143:136 | 127:120 | 111:104 | 95:88 | 79:72 | 63:56 | 47:40 | 31:24 | 15:8
16| 2 |48 |96 | 8 - - - - - - 95:88 |79:72 | 63:56 | 47:40 |31:24 | 15:8
1 |48 | 48 - - - - - - - - - | 47:40 |31:24| 158
4 |36 |144 143:138 | 131:126 | 119:114 | 107:102 | 95:90 | 83:78 | 71:66 | 59:54 | 47:42 | 35:30 | 23:18 | 11:6
121 236|726 - - - - - - 71:66 | 59:54 | 47:42 | 35:30 | 23:18 | 11:6
1|36/ 36 - - - - - - - - - | 3530 |23:18 | 116
4 |48 [192 191:186 | 175:170 | 159:154 | 143:138 | 127:122 | 111:106 | 95:90 | 79:74 | 63:58 | 47:42 | 31:26 | 15:10
16| 2 |48 |96 | 6 - - - - - - 95:90 |79:74 | 63:58 | 47:42 | 31:26 | 15:10
1 |48 | 48 - - - - - - - - —- | 47:42 |31:26 | 15:10
Notes:

1. The padding bits are zeros.

DisplayPort TX Subsystem v2.1

Table 2-1 shows the pixel mapping on an AXIl4-Stream interface for all video sampling

modes (4:4:4, 4:2:2, and Y-only). Implementation of 4:2:2 and Y-only sampling mode pixel
mapping is different from the UG934 guidelines (see the AXI4-Stream Video IP and System
Design Guide (UG934) [Ref 15]).

Table 2-2 shows the color component mapping for different video sampling modes for the
AXl4-Stream pixel mapping shown in Table 2-1. The 422 and Y-only sampling modes are
shown to highlight the difference between video sampling mode mappings. In Table 2-2,
MAX_BPC is 16, LANES=4 and Video BPC=16.

Table 2-2: Color Component Mapping for Different Video Sampling Modes
f b0
£ 3 £
= Q
T =2 £Q
= g/ 83 Pixel 3 Pixel 2 Pixel 1 Pixel 0
28|02
Xl =0
al 8 o
£ 5
48 [192| 444 | 191:176 | 175:160 | 159:144 | 143:128 | 127:112 [111:96 | 95:80 | 79:64 |63:48 | 47:32 | 31:16 | 15:0
3 | 128 | 422 V2 Y3 ~ u2 V2 ~ VO Y1 ~ uo YO ~
[191:176] | [175:160] [143:128] | [127:112] [95:80] | [79:64] [47:32] | [31:16]
Y2 Y2 Y1 YO
16| 64 1 Y-Only | 1191.176] - - [143:128] - T 95801 | T @r3| T N
11

PG199 June 17, 2019
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Table 2-3 shows UG934-compliant pixel mapping examples over an AXl4-Stream interface.

Table 2-3: Pixel Mapping Examples on AXI4-Stream Interface (UG934-Compliant Mode)

i - oT]

) = o=

5022 & cEy

5 z E 31983 Pixel 3 Pixel 2 Pixel 1 Pixel 0

< Jo|f8 o oE

$7E§ 28

£ S

4 24| 9% 444 | 9588 | 8780 | 7972| 7164 | 6356 | 5548|4740 | 3932 | 31242316 | 158 | 70
4] 16| 64 422 | 6356 55:48 | 47:40 39:32 | 31:24 23116 | 158 7:0
4] 8| 32 Y-Only 31:24 23:16 15:8 7:0
2|24 48 444 - - ‘ - - - ‘ | 47:40 | 39:32 ‘ 31:24 | 23:16 | 15:8 ‘ 7:0

8 |2]16] 32 |8] 422 - - - ~[ 3124 23:16 | 15:8 7:0
2| 8| 16 Y-Only - - 15:8 7:0
124 24 444 - - ‘ - - - ‘ - - - ‘ —| 2316 [ 15:8 ‘ 7:0
116 16 422 - - - - - -| 158 7:0
11 8 8 Y-Only - - - 7:0
4130120 444 | 119:112 | 109:102 ‘ 99:92 | 89:82 | 79:72 ‘ 69:62 | 59:52 | 49:42 ‘ 39:32 | 29:22 | 19:12 ‘ 9:2
4]20] 80 422 | 7972 69:62 | 59:52 49:42 | 39:32 29:22 | 19:12 9:2
4]10] 40 Y-Only 39:32 29:22 19:12 9:2
2130/ 60 444 - - ‘ - - - ‘ ~| 59:52 | 49:42 ‘ 39:32 | 29:22 19:12‘ 9:2

10]2]20] 40 |8] 422 - - - -] 3932 29:22 | 19:12 9:2
2|10/ 20 Y-Only - - 19:12 9:2
1130 30 444 - - ‘ - - - ‘ - - - ‘ - | 29:22 19:12‘ 9:2
1]20] 20 422 - - - - - ~[ 1912 9.2
1110 10 Y-Only - - - 9:2
436|144 444 | 143:136 | 131:124 ‘ 119:112 | 107:100 | 95:88 ‘ 83:76 | 71:64 | 59:52 ‘ 47:40 | 35:28 | 23116 ‘ 11:4
424 96 422 | 9588 83:76 | 71:64 59:52 | 47:40 35:28 | 23:16 11:4
412 48 Y-Only 47:40 35:28 23:16 11:4
2136 72 444 - - ‘ - - - ‘ ~| 7164 | 59:52 ‘ 47:40 | 35:28 | 23116 ‘ 11:4

12224 28 |8] 422 - - - | 47:40 35:28 | 23:16 11:4
212 24 Y-Only - - 23:16 11:4
136 36 444 - - ‘ - - - ‘ - - - ‘ —| 35:28 [ 23:16 ‘ 11:4
124 24 422 - - - - - -| 23116 11:4
1112] 12 Y-Only - - - 11:4
4] 48192 444 | 191:184 175:168‘ 159:152 | 143:136 | 127:120 ‘ 111:104 | 95:88 | 79:72 ‘ 63:56 | 47:40 | 31:24 ‘ 15:8
432128 422 | 127:120 111:104 | 95:88 79:72 | 63:56 47:40 | 31:24 15:8
416 64 Y-Only 63:56 47:40 31:24 15:8
2|48/ 96 444 - - ‘ - - - ‘ | o5:88 | 7972 ‘ 63:56 | 47:40 | 31:24 ‘ 15:8

16|2]32] 64 |8] 422 - - - | 63:56 47:40 | 31:24 15:8
216 32 Y-Only - - 31:24 15:8
148 48 444 - - ‘ - - - ‘ - - - ‘ —| 47:40 | 31:24 ‘ 15:8
11321 32 422 - - - - - ~| 31224 15:8
116 16 Y-Only - - - 15:8

DisplayPort TX Subsystem v2.1 Send Feedback 12
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Native Video Interface

With the native interface enabled, the subsystem is, by default, packaged with only one
subcore, the DisplayPort Transmit core. In SST mode, the TX subsystem also includes the
option to enable the HDCP controller for encryption and the AXI Timer core as a helper core
for HDCP functionality. Figure 2-2 shows the architecture of the subsystem assuming MST
with four native video streams. The subsystem includes a multi-pixel native video protocol

interface.

s_axi_aclk

{

I AXI Interconnect, HDCP controller and AXI Timer will be present only when HDCP is enabled

AXl4Lite

AXI Interconnect

Y Y 4
A hdcp_ext_clk
*Present only if GT width is 16
| -——
. . HDCP
Str 1 Native Video HDCHI/F Controller Key I/F
tx_vid_clk_stream1 _
. Timer Interrupt
AXI Timer >
Str 2 Native Video
—™ - tx_Ink_clk
tx_vid_clk_stream2 _———— Main Link (Video Phy Interface) o
‘ AUX _
DisplayPort | o
Transmitter |« HPD

Str 3 Native Video
—»]

tx_vid_clk_stream3 —_—

Str 4 Native Video
—>

tx_vid_clk_stream4 —_—

s_axis_audio_ingress_aclk ——p=

Audio
-,

X16177-022316

Figure 2-2: DisplayPort TX Subsystem Native Video Block Diagram

Note: MST HDCP is not supported.

DisplayPort TX Subsystem v2.1 N Send Feedback 13
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2: X”_INX® Chapter 2: Product Specification

Pixel Mapping on Native Interface

The primary interface for user image data has been modeled on the industry standard for
display timing controller signals. The port list consists of video timing information encoded
in a vertical and horizontal sync pulse and data valid indicator. These single bit control lines
frame the active data and provide flow control for the AXI4-Stream video.

Vertical timing is framed using the vertical sync pulse which indicates the end of frame N-1
and the beginning of frame N. The vertical back porch is defined as the number of
horizontal sync pulses between the end of the vertical sync pulse and the first line
containing active pixel data. The vertical front porch is defined as the number of horizontal
sync pulses between the last line of active pixel data and the start of the vertical sync pulse.
When combined with the vertical back porch and the vertical sync pulse width, these
parameters form what is commonly known as the vertical blanking interval.

At the trailing edge of each vertical sync pulse, the user data interface resets key elements
of the image datapath. This provides for a robust user interface that recovers from any kind
of interface error in one vertical interval or less.

Figure 2-3 shows the typical signaling of a full frame of data.

: Vertical Sync
Lt
Width

Vertical Sync | | —_ | |—

Horizontal Sync j [ [ [ |_| - |_| |_| [ [ [ |_|_

'
' '
Vertical ' . . ’ Vertical Front
E- Back Porch ..E_ - === Vertical Resolution ====== —_ Porch —_—

Data Valid |_| 1. 1 |

UG696_2-2_101509

Figure 2-3: User Interface Vertical Timing

Similarly, the horizontal timing information is defined by a front porch, back porch, and
pulse width. The porch values are defined as the number of clocks between the horizontal
sync pulse and the start or end of active data. Pixel data is only accepted into the image
data interface when the data valid flag is active-High, as shown in Figure 2-4.

DisplayPort TX Subsystem v2.1 N Send Feedback 14
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Note that the data valid signal must remain asserted for the duration of a scan line.
Dropping the valid signal might result in improper operation.

Horizontal Sync |_| |_|

| Horizontal | Horizontal | Horizontal |
i Back Porch i Resolution i Front Porch

Data Valid I |

X16350-092316

Figure 2-4: User Interface Horizontal Timing

In the two-dimensional image plane, these control signals frame a rectangular region of
active pixel data within the total frame size. This relationship of the total frame size to the
active frame size is shown in Figure 2-5.

i

Active Image

UG696_2-4_100909

Figure 2-5: Active Image Data

The User Data Interface can accept one, two, or four pixels per clock cycle. The vid pixel
width is always 48 bits, regardless of whether all bits are used. For pixel mappings that do
not require all 48 bits, the convention used for this core is to occupy the MSB bits first and
leave the lower bits either untied or driven to zero. Table 2-4 provides the mapping for all
supported data formats.

Table 2-4: Pixel Mapping for the User Data Interface

Format BPC/BPP R G B Cr Y Cb Cr/Cb Y
RGB 6/18 [47:42] | [31:26] | [15:10] - - - - -
RGB 8/24 [47:40] | [31:24] [15:8] - - - - -
RGB 10/30 [47:38] | [31:22] [15:6] - - - - -

DisplayPort TX Subsystem v2.1 N Send Feedback 15
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Table 2-4: Pixel Mapping for the User Data Interface (Cont’d)

Format BPC/BPP R G B Cr Y Cb Cr/Cb Y
RGB 12/36 [47:36] | [31:20] [15:4] - - - - -
RGB 16/48 [47:32] | [31:16] [15:0] - - - - -

YCrCh444 6/18 - - - [47:42] | [31:26] | [15:10] - -
YCrCh444 8/24 - - - [47:40] | [31:24] [15:8] - -
YCrCb444 10/30 - - - [47:38] | [31:22] [15:6] - -
YCrCb444 12/36 - - - [47:36] | [31:20] [15:4] - -
YCrCb444 16/48 - - - [47:32] | [31:16] [15:0] - -
YCrCb422 8/16 - - - - - - [47:40] | [31:24]
YCrCb422 10/20 - - - - - - [47:38] | [31:22]
YCrCb422 12/24 - - - - - - [47:36] | [31:20]
YCrCb422 16/32 - - - - - - [47:32] | [31:16]

YONLY 8/8 - - - - - - - [47:40]

YONLY 10/10 - - - - - - - [47:38]

YONLY 12/12 - - - - - - - [47:36]

YONLY 16/16 - - - - - - - [47:32]

Notes:

1. For a YCrCb 4:2:2, the input follows YCr, YCb, YCr, YCb and so on. This means Cr and Cb are mapped to the same
bits on the video input ports of the source core. The source core expects YCb first, followed by YCr.

Selecting the Pixel Interface

To determine the necessary clock for the pixel interface to support a specific resolution, it
is important to know the active resolution and blanking information.

Note: In a quad pixel interface, if the resolution is not divisible by 4, you should add zeros at the end
of the frame, over the video interface pixel data.

For example:

To support an active resolution of 2560 x 1600 @ 60, there are two possible blanking

formats: Normal Blanking and Reduced Blanking, as defied by the VESA® standard.

2560 x 1600 @ 60 + Blanking = 3504 x 1658 @ 60

Requires a pixel clock of 348.58 MHz

2560 x 1600 @ 60 + Reduced Blanking = 2720 x 1646 @ 60

Requires a pixel clock of 268.63 MHz

Assuming a pixel clock of 150 MHz and a dual pixel interface:

2560 x 1600 @ 60 + Blanking = 3504 x 1658 @ 60 = 348.58 MHz

DisplayPort TX Subsystem v2.1
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348.58 MHz / 2 = 172.28 MHz
2560 x 1600 @ 60 + Reduced Blanking = 2720 x 1646 @ 60 = 268.63 MHz
268.63 MHz / 2 = 134.31 MHz

With a dual pixel interface, the DisplayPort IP can support 2560 x 1600 only if there is a
reduced blanking input. If full blanking support is needed, then a 4-pixel interface should
be used.

Figure 2-6, to Figure 2-8 show timing diagrams for the three pixel interface options.

I
Pixel Clock }

I
Vsync 1

|
Hsync |

|
Data Enable |

Pixel0 |
|

Figure 2-6: Single Pixel Timing

I
Pixel Clock (Freq/2) }
‘ ! ‘
|

I
Vsync !

|
Hsync |

Data Enable }

|
Pixel0 |
|

Pixel1 |
i

Figure 2-7: Dual Pixel Timing

I
Pixel Clock(Freq/4) ;

|
Vsync |
\

l
Hsync |

Data Enable }

Figure 2-8: Quad Pixel Timing

DisplayPort Dual Splitter

The Dual Splitter is used to vertically split the frame to support MST with two streams, as
shown in Figure 2-9. Despite the frames being split, you will see this as one frame. The dual
splitter has a buffer to hold the data for up to one and a half scan lines.

Note: The dual splitter is present only when MST is enabled in AXI4-Stream interface mode. While
using the dual splitter, ensure that the unused input video streams are grounded.
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1920x2160 1920x2160
Frame 1 Frame 2

Figure 2-9: Vertically Split Frame

x14320

Splitter Interface

The splitter input and output are video over AXl4-Stream interface. Figure 2-10 shows the
timing of this interface.

LRI S ey A R N L Y A
| | | | | |
READY | 1 / A /o 3 3 3 i 3

| | T t T t t | | | | |
soF b
| | | | | | | | | | | |
EOL | 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 ‘ ‘ 1 ‘ ‘ 1 1 1

x14321

Figure 2-10: Video over AXI4-Stream Interface Timing

Based on the mode, the Core Control register (CORE_CONTROL_REG) of the dual splitter
must be configured for input and output samples per clock. See Dual Splitter Registers for
a description of CORE_CONTROL_REG.

DisplayPort AXI4-Stream to Video Bridge

The DisplayPort AXI4-Stream to Video Bridge maps the video over the AXI4-Stream
interface to native video format as required by the DisplayPort Transmitter IP core. The
bridge uses the Xilinx® AXI4 to Video Out core to convert the format between AXI4-Stream
and DisplayPort native video.

DisplayPort TX Subsystem v2.1 N Send Feedback 18
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Table 2-5 shows the color mapping for the AXl4-Stream interface.

Table 2-5: AXI4-Stream Interface Data Mapping

AXl4-Stream Interface

Pixel 3 Pixel 2 Pixel 1 Pixel 0
Comp3 Comp2 Compl Comp3|Comp2 Compl Comp3 | Comp2 | Compl Comp3 Comp2 Compl
RGB R G B R B G R B G R B G
YCbCr444 Cr Y Cb Cr Cb Y Cr Cb Y Cr Cb Y
YCbCr422 | Cr/Cb Y - Cr/Cb Y - Cr/Cb Y - Cr/Cb Y -
Y-Only Y - - Y - - Y - - Y - -
Notes:

1. For component widths, see Table 2-1.

DisplayPort TX Subsystem v2.1

For details about the Video Out Bridge, see the AXI4-Stream to Video Out Product Guide
(PG044) [Ref 11]. For details about video over AXI4-Stream, see the AX/ Reference Guide
(UG1037) [Ref 10]. The input of the bridge is Video over AXl4-Stream. For more details, see
Port Descriptions.

Note: In MST mode, there are N number of bridges in the subsystem, where N = the number of
AXI4-Stream inputs to the subsystem.

Video Timing Controller

The Xilinx Video Timing Controller is used for generation of video timing. Video The Timing
Controller is required when the subsystem is configured in AXl4-Stream interface mode. For
details on this core, see the Video Timing Controller Product Guide (PG016) [Ref 12].

IMPORTANT: You must program correct front porch and back porch blanking period generation.

DisplayPort Transmit
The DisplayPort Transmit core contains the following components as shown in Figure 2-11:

« Main Link: Provides delivery of the primary video stream.

« Secondary Link: Integrates the delivery of audio information into the Main Link
blanking period.

« AUX Channel: Establishes the dedicated source to sink communication channel.

l Send Feedback I 19
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External Video
PHY
Secondary < Audio Data |
Channel
PLL
A
Ink_clk

Y

Y

A
GT Transceivers ( Main Link (Video PHY Interface)
N

Main Link < Vdeo e ]

HPD

Y

[ TTLinput |

[ Differential 10 |< AUX Channe] > AUX Channel

Transmitter

X14324-090718

Figure 2-11: DisplayPort Transmit Core Block Diagram

AXI Interconnect

The subsystem uses Xilinx AXI Interconnect IP core, as a crossbar which contains an
AXI4-Lite interface. Figure 2-12 shows the AXI slave structure within the DisplayPort TX
Subsystem.

Note: For MST with N streams, there are N Video Timing Controllers. See Address Map Example in
Chapter 3.

AXl4-Lite Slaves

DisplayPort
X

A
\

Video Timing
Controller

A

AXI4-Lite
Master

Dual Splitter

\

» AXI Interconnect -

A
\

HDCP

-t > AXI Timer

x14325

Figure 2-12: AXl4-Lite Interconnect within DisplayPort TX Subsystem
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HDCP Controller

The HDCP v1.3 protocol specifies a secure method of transmitting audiovisual content.
Further, the audiovisual content can be transmitted over a DisplayPort interface. The HDCP
Controller is used for data encryption with the DisplayPort Transmitter IP in the DisplayPort
TX Subsystem.

Figure 2-13 shows the DisplayPort TX Subsystem with HDCP controller. For more details on
HDCP, see the HDCP Controller Product Guide (PG224) [Ref 13].

DisplayPort Source Controller
Video Interface DisplayPort MainLink
— DP Framing - Scri,rr_'l:}er * |
HDCP Egress HDCP Ingress

Interface Interface

Y
HDCP

Encryption

X15176-102915

Figure 2-13: DisplayPort TX with HDCP Controller
Note: MST HDCP is not supported.

AXI Timer

A 32-bit AXI Timer is used in the DisplayPort TX subsystem when the HDCP controller is
enabled for encryption. The AXI Timer can be accessed through an AXI4 master interface
for basic timer functionality in the system.

Standards

The DisplayPort TX Subsystem is compatible with the DisplayPort v1.2a Standard, HDCP
v1.3 standard, as well as the AXI4-Lite and AXI4-Stream interfaces.

f IMPORTANT: Xilinx DisplayPort subsystems have passed compliance certification. If you are interested
in accessing the compliance report or seeking guidance for the compliance certification of your
products, contact your local Xilinx sales representative.
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Resource Utilization

For details about Resource Utilization, visit Performance and Resource Utilization.

Port Descriptions

The DisplayPort TX Subsystem ports are described in the following tables.

AXl4-Lite Interface Ports

Table 2-6: AXl4-Lite Interface Ports

Signal Name 1/0 Description
s_axi_aclk | AXI Bus Clock.
s_axi_aresetn I AXI Reset. Active-Low.
s_axi_awaddr[18:0] | Write Address
s_axi_awprot | Protection type.
s_axi_awvalid I Write address valid.
s_axi_awready @] Write address ready.
s_axi_wdata[31:0] | Write data bus.
s_axi_wstrb[3:0] | Write strobes.
s_axi_wvalid I Write valid.
s_axi_wready (0] Write ready.
s_axi_bresp[1:0] (@] Write response.
s_axi_bvalid (0] Write response valid.
s_axi_bready [ Response ready.
s_axi_araddr[18:0] | Read address.
s_axi_arprot[1:0] | Protection type.
s_axi_arvalid I Read address valid.
s_axi_arready (0] Read address ready.
s_axi_rdata[31:0] (0] Read data.
s_axi_rresp[1:0] (0] Read response.
s_axi_rvalid (0] Read valid.
s_axi_rready | Read ready.

DisplayPort TX Subsystem v2.1
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This interface is enabled when the AXI4-Stream interface is selected (<n>= 1).

Table 2-7: SST AXI4-Stream Interface Ports
Signal Name 1/0 Description

s_axis_aclk_stream1 I AXl4-Stream clock.

s_axis_aresetn_stream1 | AXl|4-Stream reset. Active-Low.

s_axis_video_stream1_tdata[191:0] Video data input. Maximum width is 192.
For more information on the interface width, see
Table 2-1.

s_axis_video_stream1_tlast I Video end of line.

s_axis_video_stream1_tready (@] AXI4-Stream tready output.

s_axis_video_stream1_tuser

Video start of frame.

s_axis_video_stream1_tvalid

Video valid.

SST Native Video Interface

This interface is enabled when native video is selected (<n> = 1).

Table 2-8: SST Native Video Interface Ports

Signal Name 1/0

Description

tx_vid_clk_stream1 I

User video clock.

tx_vid_rst_stream1 [

User video reset. Active-High.

tx_video_stream1_tx_vid_vsync |

Vertical sync pulse. Active on the rising edge.

tx_video_stream1_tx_vid_hsync I

Horizontal sync pulse. Active on the rising edge

tx_video_stream1_tx_vid_enable I

User data video enable.

tx_video_stream1_tx_vid_pixel0[47:0] I Video data
tx_video_stream1_tx_vid_pixel1[47:0] I Video data
tx_video_stream1_tx_vid_pixel2[47:0] I Video data
tx_video_stream1_tx_vid_pixel3[47:0] I Video data

tx_video_stream1_tx_vid_oddeven

Odd/even field select. Indicates an odd (1) or even (0)
field polarity. Default is 0. If not used, this pin should
be connected to ground.

DisplayPort TX Subsystem v2.1
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MST AXI4-Stream Interface

See Clocking in Chapter 3 for the clock values.

Table 2-9: MST AXl4-Stream Interface Ports

Signal Name 1/0 Description
s_axis_aclk_stream<n> | MST stream clock.
s_axis_aresetn_stream<n> | MST stream reset. Active-Low.
s_axis_video_stream<n>_tdata[191:0] | MST stream video data input. Maximum width is 192.
s_axis_video_stream<n>_tlast | MST stream video end of line.
s_axis_video_stream<n>_tready (0] MST stream input ready.
s_axis_video_stream<n>_tuser | MST stream video start of frame.
s_axis_video_stream<n>_tvalid | MST stream video valid.

Video pipe clock for stream1. Used in MST

m_aclk_stream1 | . .
configuration.

Active-Low video pipe reset for stream 1. Used in MST

m_aresetn_stream1 | . .
configuration.

Video pipe clock for stream 2. Used in MST

m_aclk_stream?2 | . .
configuration.

Active-Low video pipe reset for stream 2. Used in MST

m_aresetn_stream?2 | . .
configuration.

tx_vid_clk_stream<n> | User data clock for MST stream n.
tx_vid_rst_stream<n> | Active-High user video reset.
tx_video_stream<n>_tx_vid_vsync | Vertical sync pulse. Active on the rising edge.
tx_video_stream<n>_tx_vid_hsync | Horizontal sync pulse. Active on the rising edge
tx_video_stream<n>_tx_vid_enable | User data video enable.
tx_video_stream<n>_tx_vid_pixel0[47:0] | Video data
tx_video_stream<n>_tx_vid_pixel1[47:0] | Video data
tx_video_stream<n>_tx_vid_pixel2[47:0] | Video data
tx_video_stream<n>_tx_vid_pixel3[47:0] | Video data

Odd/even field select. Indicates an odd (1) or even (0)
tx_video_stream<n>_tx_vid_oddeven | field polarity. Default is 0. If not used, this pin should
be connected to ground.

Notes:
1. <n>=21to 4.
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DisplayPort TX Subsystem v2.1

User Port
Table 2-10: User Port

Signal Name 1/0 Description
tx_hpd | Hot-plug detect signal to TX from RX.

Audio AXI4-Stream Interface

Table 2-11: Audio AXI4-Stream Interface Ports

Signal Name 1/0 Description
s_axis_audio_ingress_aclk | AXl4-Stream clock.
s_axis_audio_ingress_aresetn | Active-Low reset.

AXI4-Stream data input.
* [3:0] - Preamble Code

- 4'b0001: Subframe1/ Start of audio block
4'b0010: Subframe 1
4'b0011: Subframe 2

s_axis_audio_ingress_tdata[31:0] [27:4] - Audio Sample Word
[28] - Validity Bit (V)

 [29] - User Bit (U)
[30] = Channel Status (C)
[31] — Parity (P)

* [3:0] = Audio Channel ID

e [7:4] — Audio Packet Stream ID

s_axis_audio_ingress_tid[7:0] |

s_axis_audio_ingress_tvalid I Valid indicator for audio data from master.

s_axis_audio_ingress_tready O Ready indicator from DisplayPort source.

External Video PHY Sideband Status Interface

Table 2-12: External Video PHY Sideband Status Interface Ports

Signal Name 1/0 Description
s_axis_phy_tx_sb_status_tdata[7:0] (0] Sideband status to Video PHY
s_axis_phy_tx_sb_status_tready I Sideband status ready input from Video PHY
s_axis_phy_tx_sb_status_tvalid o] Sideband status data valid to Video PHY

External Video PHY Clock Interface

Table 2-13: External Video PHY Clock Interface Ports

Signal Name 1/0 Description

tx_Ink_clk I Link clock input from external Video PHY
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External Video PHY Lane n Interface

Table 2-14: External Video PHY Lane n Interface Ports
Signal Name 1/0 Description
m_axis_Ink_tx_lane<n>_tdata[31:0] O | Lane<n> Data to External Video PHY

m_axis_Ink_tx_lane<n>_tva

lid

O | Lane<n> Data Valid to External Video PHY

m_axis_Ink_tx_lane<n>_tready

| | Lane<n> Data Ready from External Video PHY

m_axis_Ink_tx_lane<n>_tuser[11:0] (0]

Lane<n> User data out to External Video PHY

Notes:
. <n>=0 to Lane_Count-1.

HDCP Key Interface

Table 2-15:

HDCP Key Interface Ports

Signal Name

1/0

Description

hdcp_ext_clk

HDCP external clock (enabled when HDCP is selected with 16-bit GT
interface)

hdcp_key_aclk

Key clock

hdcp_key_aresetn

Key Interface reset. Active-Low

hdcp_key_tdata[63:0]

AXI4-Stream Key Tdata

hdcp_key_last

AXI4-Stream Key Tlast

hdcp_key_tready O | AXI4-Stream Key Tready
hdcp._key tuser[7:0] | AXI4-Stream Key TUSER. KMB should send the Key number from 0 to 41.
P_Key_ ’ 0 corresponds to KSV and 1 to 40 are the HDCP Keys count.
hdcp_key_tvalid || AXI4-Stream Key Tvalid
reg_key_sel[2:0] O | To select the one of the eight sets of 40 keys.
start_key_transmit O | An Active-High pulse that is used to start key transmit.
AUX Signals
Table 2-16: AUX Signal Ports
Signal Name 1/0 Description
aux_tx_io_n O Negative polarity AUX Manchester-II data.
aux_tx_io_p ] Positive polarity AUX Manchester-II data.
aux tx channel in | Positive polarity AUX channel input.
- -In-P Valid when AUX 10 Type is unidirectional.
. Negative polarity AUX channel input.
aux_tx_channel_in_n Valid when AUX 10 Type is unidirectional.
aux_tx_channel_out_p 0 Positive polarity AUX channel Output.

Valid when AUX IO Type is unidirectional

DisplayPort TX Subsystem v2.1
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Table 2-16: AUX Signal Ports (Cont’d)

Signal Name 1/0 Description
Negative Polarity AUX channel output.
aux_tx_channel_out_n © Valid when AUX 10 Type is unidirectional
aux_tx_data_out (0] AUX data out. Valid when AUX 1O buffer location is external
aux_tx_data_in | AUX data input. Valid when AUX 10 buffer location is external
aux_tx_data_en_out_n 0 AUX data output enable. Active-Low.

Valid only when AUX 10 buffer location is external

Interrupt Interface

Table 2-17: Interrupt Interface Ports

Signal Name 1/0 Description
dptxss_dp_irq 0] DisplayPort TX IP interrupt out
dptxss_hdcp_irq O HDCP IP interrupt out
dptxss_timer_irq O AXI Timer IP interrupt output valid only when HDCP is enabled

Register Space

This section details registers available in the DisplayPort TX Subsystem. The address map is
split into following regions:

« Dual Splitter

« VTCO (Up to 3 for 4 streams)

« DisplayPort Transmit
« HDCP Controller
« AXI Timer

O TIP: For details about accessing these registers, see Programming Sequence in Chapter 3.

Dual Splitter Registers

Table 2-18 defines the Dual Splitter registers.

DisplayPort TX Subsystem v2.1
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Table 2-18: Dual Splitter Register Definitions

Offset Register Access| Default Value Definition

« [0] — Enables the splitter.

* [1] — Register update.

0x0000 | GENR_CONTROL_REG | R/W 0x2 * [31] - Soft reset bit.

Other registers can be programed by writing

a value 2 to this register. At the end of
programing set the register to 3.

» [0] - Slave EOL early.
e [1] — Slave EOL late.

0x0008 | GENR_ERROR_REG R/W 0x0 ]
» [2] - Slave SOF early.
» [3] - Slave SOF late.
0x000C | IRQ_ENABLE R/W 0 [0] - Interrupt based on the error conditions.

Contains the input image size:
« [15:0] - Height™"
0x0020 | TIME_CONTROL REG R/W | 0x0870_0F00 |. [31:16] - Width

Note: For UHD @60 frame split mode, HRES
must be programmed to actual HRES/4.

For UHD @ 60 frame split mode, this register
can be programmed to 0x020404. For all
other modes, it can be 0x10404.

* [7:0] — Input number of samples per clock.

* [15:8] — Output number of samples per
0x0100 | CORE_CONTROL_REG | R/W | 0x00_01_01_01 clock.

» [23:16] — Number of image segments.

* [31:24] — Number of samples overlapping
the segments. Should be programmed to
0 because the subsystem supports two
frames without overlap.

Notes:
1. Height refers to VRES and the WIDTH refers to HRES.

Video Timing Controller Registers

For details about the Video Timing Controller (VTC) registers, see the Video Timing
Controller Product Guide (PG016) [Ref 12].

DisplayPort Transmit IP Core Registers

The DisplayPort Configuration Data is implemented as a set of distributed registers which
can be read or written from the AXI4-Lite interface. These registers are considered to be
synchronous to the AXl4-Lite domain and asynchronous to all others.
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For parameters that might change while being read from the configuration space, two
scenarios might exist. In the case of single bits, either the new value or the old value is read
as valid data. In the case of multiple bit fields, a lock bit might be used to prevent the status
values from being updated while the read is occurring. For multi-bit configuration data, a
toggle bit is used indicating that the local values in the functional core should be updated.

Any bits not specified in Table 2-19 to Table 2-25 are considered reserved and returns 0
upon read. The power on reset values of all the registers are 0 unless it is specified in the
definition. Only address offsets are listed in the following tables. Base addresses are
configured by the AXI Interconnect.

Link Configuration Field

Table 2-19: Link Configuration Field
Offset |[R/W Definition

LINK_BW_SET. Main link bandwidth setting. The register uses the same values as those
supported by the DPCD register of the same name in the sink device.

e [7:0] — LINK_BW_SET: Sets the value of the main link bandwidth for the sink device.

0x000 1 RW . 0506 = 1.62 Gbys
« Ox0A = 2.7 Gb/s
o 0x14 = 5.4 Gb/s
LANE_COUNT_SET. Sets the number of lanes used by the source in transmitting data.
0x004 | RW
* [4.0] —Setto 1,2, 0r4
ENHANCED_FRAME_EN
0x008 | RW

« [0] -Set to 1 by the source to enable the enhanced framing symbol sequence.

TRAINING_PATTERN_SET. Sets the link training mode.
 [1:0] — Set the link training pattern according to the two bit code.

o 00 = Training off
0x00C | RW - 01 = Training pattern 1, used for clock recovery
- 10 = Training pattern 2, used for channel equalization

- 11 = Training pattern 3, used for channel equalization for cores with DisplayPort
Standard v1.2a.

LINK_QUAL_PATTERN_SET. Transmit the link quality pattern.
 [2:0] — Enable transmission of the link quality test patterns.

- 000 = Link quality test pattern not transmitted

- 001 = D10.2 test pattern (unscrambled) transmitted
0x010 | RW

o 010 = Symbol Error Rate measurement pattern

o 011 = PRBS7 transmitted

o 100 = Custom 80-bit pattern
- 101

HBR2 compliance pattern
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Table 2-19: Link Configuration Field (Cont’d)

Offset |R/W Definition
SCRAMBLING_DISABLE. Set to 1 when the transmitter has disabled the scrambler and

0x014 | RW | transmits all symbols.
 [0] — Disable scrambling