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Preface

About This Guide

The Serial Digital Interface (SDI) demonstration guide shows the capabilities of the SDI 
input and output interfaces on the Video Input and Output Daughter Card (VIODC).

Guide Contents
This manual contains the following chapter:

• Chapter 1, “VIODC SDI Demonstration” – provides details of the VIODC SDI 
demonstrations with and without the ML402 board.

Additional Resources
To find additional documentation, see the Xilinx website at:

http://www.xilinx.com/literature/index.htm. 

To search the Answer Database of silicon, software, and IP questions and answers, or to 
create a technical support Web Case, see the Xilinx website at:

http://www.xilinx.com/support.

Conventions
This document uses the following conventions. An example illustrates each convention.

Typographical
The following typographical conventions are used in this document:

Convention Meaning or Use Example

Courier font
Messages, prompts, and 
program files that the system 
displays

speed grade: - 100

Courier bold
Literal commands that you 
enter in a syntactical statement ngdbuild design_name

Helvetica bold

Commands that you select 
from a menu File → Open

Keyboard shortcuts Ctrl+C

http://www.xilinx.com
http://www.xilinx.com/literature/index.htm
http://www.xilinx.com/support
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Online Document
The following conventions are used in this document:

Italic font

Variables in a syntax 
statement for which you must 
supply values

ngdbuild design_name

References to other manuals
See the Development System 
Reference Guide for more 
information.

Emphasis in text
If a wire is drawn so that it 
overlaps the pin of a symbol, 
the two nets are not connected.

Square brackets    [  ]

An optional entry or 
parameter. However, in bus 
specifications, such as 
bus[7:0], they are required.

ngdbuild [option_name] 
design_name

Braces    {  } A list of items from which you 
must choose one or more lowpwr ={on|off}

Vertical bar    | Separates items in a list of 
choices lowpwr ={on|off}

Vertical ellipsis
.
.
.

Repetitive material that has 
been omitted

IOB #1: Name = QOUT’ 
IOB #2: Name = CLKIN’
.
.
.

Horizontal ellipsis  . . . Repetitive material that has 
been omitted

allow block  block_name 
loc1 loc2 ... locn;

Convention Meaning or Use Example

Convention Meaning or Use Example

Blue text
Cross-reference link to a 
location in the current 
document

See the section “Additional 
Resources” for details.

Refer to “Title Formats” in 
Chapter 1 for details.

Red text Cross-reference link to a 
location in another document See Figure 2-5 in the Handbook.

Blue, underlined text Hyperlink to a website (URL) Go to http://www.xilinx.com 
for the latest speed files.

http://www.xilinx.com
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Chapter 1

VIODC SDI Demonstration

Introduction
The SDI demonstration shows the capabilities of the SDI input and output interfaces on the 
Video Input and Output Daughter Card (VIODC). (The VSK is a demonstration platform 
only. For HD-SDI verification and compliance, Xilinx recommends using the Cook 
Technologies SDV board). The demo can transmit and receive various digital video 
formats, both high-definition (HD) and standard-definition (SD) using the SDI receiver 
and transmitter on the VIODC. Digital video received through the SDI receiver is checked 
for errors and then sent to the video encoder chip to be output as analog video. The SDI 
transmitter is independent of the SDI receiver and is driven by digital video pattern 
generators in the Virtex™-II Pro FPGA on the VIODC.

Note: This demo does not use a recovered clock from the recieved video data stream and, 
therefore, cannot be used to pass received video data to the transmitter.

This demo can be used with or without an ML402 board. If the VIODC is attached to an 
ML402 board, the LCD and push buttons on the ML402 can be used to control the SDI 
demo and monitor the status of the demo. When the ML402 board is not used, DIP 
switches on the VIODC are used to control the demo, and the LEDs on the VIODC are used 
to monitor the status of the demo. Figure 1-1 shows a system-level block diagram of the 
demo.

SD-SDI is defined by the SMPTE 259M standard [Ref 1] and also by the equivalent ITU-R 
BT.656 standard [Ref 2]. SD-SDI is widely used in broadcast studios and video production 
centers to transport uncompressed standard definition digital video serially over coax 
cable. HD-SDI is defined by the SMPTE 292M standard and is used to transport 

Figure 1-1: System-Level Block Diagram
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uncompressed high definition digital video serially over coax cable. The HD-SDI and SD-
SDI standards are similar enough that they can be implemented using the same physical 
interface components, connectors, and cables. The SDI receiver and transmitter on the 
VIODC support both HD-SDI and SD-SDI.

Running the Demo with the ML402 Board
When running the demo with the VIODC attached to the ML402 board, the LCD on the 
ML402 board is used to monitor the status of the demo. The push buttons on the ML402 are 
used to control the demo using menus and prompts displayed on the LCD.

Normally, the LCD on the ML402 board displays the receiver status. The receiver status 
information on the LCD display gives the following information:

• Whether the receiver is locked or unlocked. 

• Whether the SDI receiver is running in SD-SDI mode or HD-SDI mode. 

• The format of the incoming video. 

• In HD-SDI mode, whether the incoming bit stream is running at 1.485 Gb/s or 
1.4835 Gb/s.

• The number of received video frames with detectable errors.

Figure 1-2 shows what the receiver status display looks like on the ML402 LCD. The 
receiver status information is shown on the LCD display except when user selection menus 
temporarily replace it after a push button is pushed. Note that the error counter is shown 
in hex in order to squeeze all 24-bits of the error counter into the space available on the 
LCD.

The five push buttons on the ML402 board are used to control the demo. Their assigned 
functions are shown in Figure 1-3. Pushing the center push button causes a brief help 

Figure 1-2: Receiver Status Display on ML402 LCD

Rx Format  Errors
1080i30/M 000000

Rx video format. Rx Unlocked
will be shown if the receiver is
unlocked.

In HD-SDI mode, the video format
is followed by /M or just M if the

bit rate is 1.4835 Gb/s.

Number of frames of video
received with errors. This value
is shown in hex.

ug249_ch1_02_122805
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message to be displayed on the LCD. More detailed explanations of the functions of the 
other push buttons are found in the sections below.

Figure 1-3: ML402 Push Button Functions

GPIO_SW_N

 GPIO_SW_C

GPIO_SW_S

GPIO_SW_EGPIO_SW_W

SelectsTx video format

Displays help message

Selects demo modeClears error counter

Selects Tx video pattern

ug249_ch1_03_122805
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Demo Modes
The SDI receiver and transmitter sections are mostly independent of each other. The video 
received by the SDI receiver is not retransmitted by the SDI transmitter. The video sources 
for the SDI transmitter are video pattern generators in the Virtex-II Pro FPGA. However, 
there is only one clock generator on the VIODC capable of generating the clock frequencies 
needed to implement the SDI interfaces, and it can only produce one clock frequency at a 
time. Thus, the SDI receiver and transmitter must operate at the same bit rate. There are 
three different bit rates supported in this demo: SD (270 Mb/s), HD (1.485 Gb/s), and 
HD/M(1) (1.4835 Gb/s).

The user can choose to have the receiver automatically detect the bit rate of the incoming 
SDI bit stream and lock to it, forcing the transmitter to operate at the same bit rate as the 
receiver. This is called the Auto Rx mode. Or, the user can manually specify which of the 
three bit rates is to be used by the SDI transmitter and receiver, keeping in mind that the 
transmitter and receiver both operates at the bit rates selected. Table 1-1 summarizes the 
four operating modes of the VIODC SDI demo.

The east push button on the ML402 board is used to select the demo mode. Pushing this 
button once displays the current demo mode on the LCD for a period of about 3 seconds. 
During the time that the demo mode is displayed, pushing the east push button again 
changes the demo mode to the next mode. Repeatedly pushing the east push button cycles 
through the four different operating modes shown in Table 1-1.

When running in Auto Rx mode and there is no SDI bit stream connected to the SDI input 
or the SDI receiver cannot lock to the input bit stream, then the SDI receiver continuously 
tries to lock to the input bitstream by sequencing through the three bit rates until the 
receiver locks. This causes the SDI transmitter to also rapidly sequence through the three 
bit rates, causing the SDI output to be invalid. If the user is using the SDI transmitter 
without a valid SDI input bit stream connected to the SDI input, the user should place the 
demo in the appropriate manual mode to get a stable SDI output signal.

1.  M is commonly used in the broadcast industry to denote the value 1.001. So, the two HD-SDI bit rates are 
1.485 Gb/s and 1.485/1.001 Gb/s, alternately written as 1.485/M Gb/s, which is approximately 1.4835 Gb/s. 
The frame rates of the various HD video formats also use M to denote the same 1.001 factor. Some HD video 
frame rates are exactly 60 Hz, 30 Hz, or 24 Hz. In addition, there are standard HD video frame rates of 60/M 
Hz, 30/M Hz, and 24/M Hz.

Table 1-1: Demo Modes

Mode SDI Bit 
Rate

Comments

Auto Rx Any SDI Rx automatically detects incoming bit rate. SDI Tx runs at the 
same rate as the SDI Rx.

Manual 
HD

1.485 
Gb/s

Forces the SDI Rx and Tx to run in HD-SDI mode at 1.485 Gb/s. 
SDI Rx will not lock to any bit rates except 1.485 Gb/s.

Manual 
HD/M

1.4835 
Gb/s

Forces the SDI Rx and Tx to run in HD-SDI mode at 1.4835 Gb/s. 
SDI Rx will not lock to any bit rates except 1.4835 Gb/s.

Manual 
SD

270 
Mb/s

Forces the SDI Rx and Tx to run in SD-SDI mode at 270 Mb/s. 
SDI Rx will not lock to any bit rates except 270 Mb/s.

http://www.xilinx.com
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The Auto Rx mode is used when the primary interest is the SDI receiver section. Manual 
modes should be used when the interest is in the SDI transmitter, especially if there is no 
SDI signal connected to the SDI receiver input.

The SDI output can be looped back to the SDI input by using a coax cable between the two 
BNC connectors. This allows the SDI transmitter output to be received by the SDI receiver, 
checked for errors, and output as analog video through the video encoder chip.

Transmitter Video Format and Pattern Selection
The video pattern generators in this demo can generate a number of common HD and SD 
video formats and several different video patterns. Table 1-2 shows the video formats that 
can be generated and Table 1-3 shows the video patterns. Note that when the transmitter is 
in SD mode, either because the demo is in Auto Rx mode and the incoming bit stream is an 
SD-SDI bit stream or because the Manual SD mode is selected, only the SD video formats 
and patterns are selectable. Likewise, when the transmitter is running in HD mode, only 
the HD formats and patterns are selectable. The ML402 remembers the most current 
selection of video format and pattern for both HD and SD and when the demo switches 
from HD to SD, for example, the last selected SD transmitter video format and pattern is 
restored.

Table 1-2: Transmitter Video Formats

Format HD/SD Specification
Active 

Resolution
Scan Mode Frame Rate

720p60 HD SMPTE 296M 1280 x 720 progressive 60 Hz1

720p50 HD SMPTE 296M 1280 x 720 progressive 50 Hz

1080sF24 HD RP 211 1920 x 1080 segmented 
frame

24 Hz*

1080i30 HD SMPTE 274M 1920 x 1080 interlaced 30 Hz*

1080i25 HD SMPTE 274M 1920 x 1080 interlaced 25 Hz

1080p30 HD SMPTE 274 M 1920 x 1080 progressive 30 Hz*

1080p25 HD SMPTE 274M 1920 x 1080 progressive 25 Hz

1080p24 HD SMPTE 274M 1920 x 1080 progressive 24 Hz*

NTSC SD SMPTE 125M 1440 x 487 interlaced 29.97 Hz

PAL SD ITU-R BT.601 1440 x 574 interlaced 25 Hz

Notes: 
1. Update rate divided by 1.001 is also supported.

Table 1-3: Transmitter Video Patterns

Pattern HD/SD Description

75% color bars HD Standard color bars

RP 219 color bars with logo HD SMPTE RP 219 color bar pattern with Xilinx logo

RP 219 color bars HD SMPTE RP 219 color bar pattern

HD-SDI checkfield HD HD-SDI pathological test pattern

http://www.xilinx.com
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The transmitter video format can be changed by pushing the north push button on the 
ML402 board. Pushing this button once causes the current transmitter video format to be 
displayed on the LCD for three seconds. Pushing the north push button again while the 
transmitter video format is displayed changes the video format to the next video format. 
Repeatedly pushing the north push button cycles through all possible transmitter video 
formats.

The transmitter video pattern can be changed by pushing the south push button on the 
ML402 board. As with the video format selection, pushing this button once causes the 
name of the current video pattern to be displayed for three seconds and pushing the button 
again changes the video pattern.

Running the Demo Without the ML402 Board
When running the demo without the ML402 board, DIP switches on the VIODC are used 
to select the demo mode and the transmitter video format and pattern. LEDs on the 
VIODC provide some status information.

DIP switch 8 must be in the OFF position for the other DIP switches on the VIODC to 
control the demo mode, transmitter format, and transmitter mode selection. When DIP 
switch 8 is ON, the VIODC expects the ML402 board to provide control signals to the 
demo. The function of the various DIP switches is shown in Figure 1-4. See the previous 
section for more descriptions of the demo modes, transmitter video formats, and 
transmitter video patterns.

SMPTE EG-1 color bars SD Standard SMPTE EG-1 color bars

SD-SDI checkfield SD SD-SDI pathological test pattern

Table 1-3: Transmitter Video Patterns (Continued)

Pattern HD/SD Description

Figure 1-4: DIP Switch Settings

ON

Demo Control
OFF = DIP switches

ON = ML402

Demo mode
OFF  OFF = Auto Rx
OFF  ON   = Manual HD/M
ON    OFF = Manual HD
ON    ON   = Manual SD

HD Tx Format Select
OFF OFF OFF = 720p50
OFF OFF ON   = 1080sF24
OFF ON   OFF = 1080i30
OFF ON   ON   = 1080i25
ON   OFF OFF = 1080p30
ON   OFF ON   = 1080p25
ON   ON   OFF = 1080p24
ON   ON   ON   = 720p60

12378 456

SD Tx Format Select
OFF = NTSC
ON   = PAL

HD Tx Pattern Select
OFF  OFF = 75% color bars
OFF  ON   = RP219 color bars with logo
ON    OFF = RP219 color bars
ON    ON   = HD-SDI checkfield

SD Tx Pattern Select
ON   = SD-SDI checkfield
OFF  = SMPTE color bars

ug249_ch1_04_122805
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The red LED, labeled DS1 on the VIODC is illuminated whenever the receiver is unlocked. 
It also flashes on for about half a second when a receiver error is detected.

Three green LEDs on the VIODC indicate other demo status information. DS3 is 
illuminated whenever the SDI receiver is locked. DS5 indicates whether the demo is 
running in SD mode (LED on) or HD mode (LED off). And, DS6 indicates the HD bit rate: 
1.485 Gb/s (LED on) or 1.4835 Gb/s (LED off). In Auto Rx mode, DS5 and DS6 indicate the 
rate determined by the automatic rate selection logic as it examines the incoming SDI bit 
stream. In any of the manual modes, DS5 and DS6 simply indicate the proper values as 
determined by the demo mode.

References
1. All the SMPTE standards referenced in this user guide are available from the Society of 

Motion Picture and Television Engineers. These standards can be purchased at the 
SMPTE website. http://www.smpte.org

2. The ITU-R BT.601-5 standard can be purchased from the International 
Telecommunication Union at http://www.itu.int/itudoc/itu-r/rec/bt/

http://www.itu.int/itudoc/itu-r/rec/bt/
http://www.smpte.org
http://www.xilinx.com
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