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CONTROL (0x0000) Register

Used to generate an update pulse to make channel configuration take effect. Only bit 1 is
used. Program 1 to bit 1 then program 0 to bit 1 to generate the update pulse after each
channel configuration. it 0 is used to generate soft reset to reset register space and does
not reset the core logic.

STATUS (0x0004) Register

Since channel update process takes multiple clock cycles, user can move to next channel
programfmingyonly when current channel configuration is done, which is indicated by bit 0
of STATUS register (0 means updating done).

CHANNELS ACCESS (0x0008) Register

12-bit registerbit Usedste select which channel to be configured. For each channel, it has its
own copy of channel registers (offset address 0x0080). This register is used as page address
used to access each'ghannel'syeach page) channel registers.

SYS_CONFIG (0x000C)Réegister

This register reflects maximum supported matrix FEC L value, for SMPTE ST 2022-1/2 it is 20
and SMPTE ST 2022-5/6 it is 1020 and thefvalue of core generic settings during compilation
time "C_CHANNELS", namely the maxifnupd'number of channels supported by current core
configuration.

VERSION (0x0010) Register

Version of the core design. Such as: initial version number'is 0x01000000, namely version
1.0.

FEC_BASE_ADDRESS (0x0018) Register

The base address of DDR which is allocated for this core to operate pormally/For 512
channel case, the DDR address space allocated for care is base address ~ base address + 64
MBytes.

IN_PKT_CNT (0x0024) Register

This register records how many RTP packets received by the core which come from the AIXS
payload in interface.
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OUT_PKT_CNT (0x0028) Register

This register records how many RTP and FEC packets are available at output from the core,
and are all sent out at AXI4-Stream payload out interface.

FEC_CONFIG (0x0080) Register

Note, this is channel space register. Each channel have one copy of this register. To
configure a channel, you must program the CHANNEL_ACCESS register with channel
number first. Then configure channel info to this FEC_CONFIG register.

Note: Hit19-bitl8 is FEC Mode. "11" means 2D (both COLUMN and ROW FEC packets are
generated).

"10" means MD (ahf§, COLUMN FEC packets are generated). "00" means bypass (no FEC
packets are geherated).

Any one of below c@nfiguration is considered a user error and the core is forced into
"bypass" mode. In bypassgnode, there are no FEC packets generated but no influence on
RTP packets at core output.

1. FECD < 4.
2. FECL < 4 and FEC Mode = "Id". (For 2D, minimum matrix size is 4x4).
3. FEC L=1 and Non block align.
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Chapter 3

Designing with the Core

This chapter includes guidelines and additional information to facilitate designing with the
core.

GeneralDesign Guidelines

Figure 3-1 shows,an ex@mple of an application design using Video over IP FEC TX core with
other Xilinx IP.

‘ Microblaze Subsystem

v

AXI
‘ Intercépnect
(Lite)

AXI
Interconnect |
© © =
;I g| EI ;\ 2I E
EAEAEAEIE %
52253 |2
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User AXIS gen Payload_In Video Over IP FEC Payload_Out ‘EUser pa.c 'f-et |
module D — Ep »"Encap n——=——» TEMAC
module

Figure 3-1: Example of an Application Design with Video overIP FECTX Core

This section describes how Video over IP FEC TX core can be designed to,build a fully
functional design with user application logic.

The core accepts RTP encapsulated SMPTE ST 2022-2 or SMPTE ST 2022-6 compliant media
packet for ST 2022-1/5 FEC packet generation. Figure 3-2 and Figure 3-4 shows the packet
structure for incoming data format to VoIP FEC Transmitter core. The incoming RTP
encapsulated ST 2022 media packet and the payload_in TUSER must be compliant to the
stream payload in interface protocol in Table 2-2.

The output of the core are RTP encapsulated ST 2022-2/6 media packets or RTP
encapsulated ST 2022-1/5 FEC row or ST2022-1/5 FEC column packet based on
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fec_config (0x80) settings. Figure 3-3 and Figure 3-5 shows the packet structure for FEC
packets.

For incoming SMPTE 2022-6 RTP packets, the fec_usage field of the media payload
header is modified according to FEC mode programmed by user before the packet is sent
out at output of core or is used for FEC packet generation.

In the Video over IP FEC TX core, a few parameters are defined: fec_mode, L, D, interlave,
and packet_length. In an FEC operation, these parameters are assumed to be static. If any of
these five parameters changes during normal operation, the core detects the change as a
paramete nge. Upon detecting the parameter change, the core starts a new FEC process
from a rix starting point. This feature is for dynamic parameter change support.

extension | orted.

Note }#eader, the header extension field should be fixed at zero because header
S

MPTE ST 2022-2 Header
L 2

Figure 3-2: Media

15 downto 8

Figure 3-3: FEC Payload with SMPTE ST 2

7 downito 0 15 downito 8 23 downito 16 [ 31 downito 24 39 downito 32

vi2)/P(1)/x(1)/cc(s) M(1)/PT(7) sequence number t

Figure 3-4: Media Payload with SMPTE ST 2022-6 Header

Figure 3-5: FEC Payload with SMPTE ST 2022-5 Header
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Memory Requirement

The Video over IP FEC Transmitter core requires access to the external memory for normal
operation and to perform FEC generation. The core stores intermediate ST 2022-1/5 FEC
packets (column/row) and result FEC (column) packets at different sections of the external
memory. The AXI-MM data port width supported is 256. Set the FEC Base Address in the
external memory for whole VoIP FEC Transmitter core usage. For each channel, a fixed
memory address range is allocated. In this range, it's further divided into multiple slots
which is marked by indexes. Each slot is fixed at 2KB which is used to store one packet.

The size allogated in the external memory for each packet is 2KB. The Video over IP FEC
Transmitter core utilizes 64 packet slots per channel in SMPTE ST 2022-1/2 operating mode
and 2048 packet siots per channel in SMPTE ST 2022-5/6 operating mode. DDR memory
requirementin SMPTE ST 2022-1/2 operating mode for 512 channels is 64MB and in SMPTE
ST 2022-5/606perating mode for 8 channels is 32 MB.

Clocking
The Video over IP FEC*Transmitter core has only one clock domain:

« Core clock domain, coré”cdk (Bmin for core_c1lk is arbitrarily set at 100 Mhz. This is
based on a calculated assdmptioh that'the core is able to handle an input bandwidth of
1G at this frequency). For 10 @ opération, the core_c1k is suggested to be set to
200 Mhz. All the AXI4-stream and AXI4 interfaces, along with the main core activities
are under this clock.

« AXI4-Lite clock domain, s_axi_aclk (Emiin for s_axi_aclk is set at 50 MHz). Core
register access works with this clock.

Resets

The Video over IP FEC Transmitter core has two reset input ports:

+ Core domain reset, core_reset.
+ AXI4-Lite domain reset, s_axi_aresetn
The two resets from input port must be synchronous to their individual clock domains. A

minimum of 16 clock cycles is recommended for the reset assertion. Reset signal
s_axil_aresetn is to be de-asserted last.
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Chapter 4

Design Flow Steps

This chapter describes customizing and generating the core, constraining the core, and the
simulationf’synthesis and implementation steps that are specific to this IP core. More
detailed'information about the standard Vivado® design flows and the IP integrator can be
found in the following Vivado Design Suite user guides:

« Vivado DesigngSuite User Guide: Designing IP Subsystems using IP Integrator (UG994)
[Ref 2]

« Vivado DesigniSuite User Guide: Designing with IP (UG896) [Ref 6]
« Vivado Design Suite UsersGuide: Getting Started (UG910) [Ref 8]
« Vivado Design Suite User Guide; Logic Simulation (UG900) [Ref 9]

Customizing and Generating the Core

This section includes information about usingfXilinx tools to customize and generate the
core in the Vivado® Design Suite.

If you are customizing and generating the core in'théVivado IP Integrator, see the Vivado
Design Suite User Guide: Designing IP Subsystems using IR Integrator (UG994) [Ref 2] for
detailed information. IP Integrator does not auto-computefanycofifiguration value for this
core.

Vivado Integrated Design Environment

You can customize the IP for use in your design by specifying values for the#various
parameters associated with the IP core using the following steps:

1. Select the IP from the IP catalog.

2. Double-click the selected IP or select the Customize IP command from the toolbar or
right-click menu.

For details, see the Vivado Design Suite User Guide: Designing with IP (UG896) [Ref 6] and
the Vivado Design Suite User Guide: Getting Started (UG910) [Ref 8].
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Customize [P

Video over IP FEC Transmitter (2.0) '

[ Documentation [ IP Location £3 Switch to Defaults

Show disabled ports
L B Component Marne |\f_\r0ip_fec_tx_0

Operating Mode

®5T2022-1/2 (O5T2022-5/6

Maximum Channels Supported |8 - |

FEC Buffer Base Address [0x00000000 [

s_axi_aresetn

Figure 4-1:

Bought [P license awvailahble : : (6],4 i | Cancel

i
Note: Figures in this chapter are illustrations of the Viva@he layout depicted here might vary
from the current version.

The Vivado IDE displays a representation of the IP symbo e left side and the
parameter assignments on the right, as follows:
\®> le. Names

(0 z, 0169 and "_". The

« Component Name: The base name of output files generatedfor
must begin with a letter and must be composed of characters a
name v_voip_fec_tx_v2_0 cannot be used as a component name.

+ Operating Mode: Select the core operating mode. ST 2022-1/2, in which the core
accepts SMPTE ST 2022-2 compliant RTP packet. ST 2022-5/6, in which the core accepts
SMPTE ST 2022-6 compliant RTP packet.

« Maximum Channels Supported: Specifies the number of channels supported. The
valid options for ST 2022-1/2 are 8, 16, 32, 64, 128, 256, 512, and for ST 2022-5/6 are 4
and 8.
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« FEC Buffer Base Address: Specifies the base address of the FEC buffer in the external
memory.

User Parameters

Table 4-1 shows the relationship between the GUI fields in the Vivado IDE and the User
Parameters (which can be viewed in the Tcl console).

Table 4-1: User Parameters

GUI Patameter/Value User Parameter/Value Default Value
ST2022-1/2 ST2022-5/6
Maximum Chafinels@Supported C_CHANNELS 8 4
FEC Buffer BasgfAddress C_FEC_BASE_ADDR 0x00000000 0x00000000

Output Generation

For details, see the Vivadoddesign Suite User Guide: Designing with IP (UG896) [Ref 6]. The
Vivado design tools genérate the files necessary to build the core and place those files in
the <project>/<projeetf's¥cs/sources_1/ip/<core> directory.

Constraining the Core

This section contains information about conétraifiing the core in the Vivado Design Suite.

Required Constraints

The constraints required for the core are clock frequefiey constraints described in Clocking
in Chapter 3. Paths between two clock domains should belconstrained with the max_delay
constraint and use the datapathonly flag, causing setup“@nd hold checks to be ignored
for signals that cross clock domains. These constraints are provideddn the®XDC constraints
file included with the core.

Device, Package, and Speed Grade Selections

There are no device, package or speed grade requirements for this core. This core has not
been characterized for use in low-power devices.

Clock Frequencies

See Maximum Frequencies in Chapter 2.
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Clock Placement

There is no specific clock placement requirement for this core.

Banking

There is no specific banking rule for this core.

Transceiver Placement

There isdno specific Transceiver placement rule for this core.

I/0 Standard and Placement

There is no spécific /O standard and placement rule for this core.

Simulation

This section contains information aboutgimulating IP in the Vivado Design Suite. For
comprehensive information abouf'Vivado simulation components, as well as information
about using supported third-party toolsgseeythe Vivado Design Suite User Guide: Logic
Simulation (UG900) [Ref 9].

Synthesis and Implementation

This section contains information about synthesis and implémentation in the Vivado Design
Suite. For details about synthesis and implementation, see thefVivado Design Suite User
Guide: Designing with IP (UG896) [Ref 6].
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Chapter 5

Test Bench

This chapter contains information about the test bench provided in the Vivado® Design

ure 5-1, the demonstration test bench is a simple System Verilog module
onfiglire gnd tests the VoIP Forward Error Correction Transmitter core. The test
bench cons% eral modules like RTP packet generator for generating and driving RTP
packets over't t stream, APIs and drivers for configuring the core, checker for
integrity checkiof packet,coming out of core. The test bench is supplied as part of the
example simulation©@utput product group.

RTP PACKET GENERATOR IVER
‘ VSW
HAL

DDR .
Model <:> VolIP FEC Transmitter <:> DRIVER

i

CHECKER

TEST
SEQUENCE

API <

Figure 5-1: Video over IP FEC Transmitter Test Bench

The main components of Demonstration test bench are described below:

RTP Packet Generator/Driver: This module generates SMPTE ST 2022-2 and SMPTE ST
2022-6 compliant Real Time Protocol packets over Transport Stream and drives it to the
Video over IP FEC Transmitter core across all the enabled channels.

Checker: Packet checker module receives the packet from the Video over IP FEC Transmitter

core and does packet payload data integrity check, channel number mismatch check and
packet size check.
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HAL: Hardware Access Layer is the register configuration layer. This layer has register read
and write process.

VSW: Virtual Software layer. This is a Verilog task file where all the core configuration is
consolidated into tasks. This layer consists of Driver and APIL They control the Core
configuration and are driven to Core by HAL. This layer is controlled using test case.

DDR model: This is Dummy DDR model used to store the IP and FEC packets from core.

7
2
%
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Appendix A

Verification, Compliance, and
Interoperability

The Vidéo ovenIP FEC Transmitter core has been validated using the Xilinx® Kintex®-7
FPGA(Broadca annectivity Kit.

2
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Appendix B

Migrating and Upgrading

This appendix contains information about migrating a design from the ISE® Design Suite to
the Vivad@®Design Suite, and for upgrading to a more recent version of the IP core. For
customérs upgrading in the Vivado Design Suite, important details (where applicable)
about any port'changes and other impact to user logic are included.

Upgrading'inthe Vivado Design Suite

This section providesuinformation about any changes to the user logic or port designations
that take place when yod upgrade to a more current version of this IP core in the Vivado
Design Suite.

Changes from v1.0 to v2.0

Video over IP FEC Transmitter core vefsion'v2.0yhad the following changes implemented,
and may not compatible with previous core vérsion, v1.0

Parameter Changes

Table B-1: Parameter Changes

Version Note

V1.0 V2.0

Component Name Component Name Unchapged
Maximum channels Maximum Channels Supported Changed
Supported

FEC buffer base address | FEC Buffer Base Address Changed
Port Changes

Table B-2: Port Changes

Version Note

V1.0 V2.0

soft_reset Removed unused ports
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Table B-2: Port Changes (Cont’d)

Version Note
interrupt Removed unused ports
rtp_ts_clk rtp_ts_tick Changed

Other Changes
There 3 other changes.
4

7
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Appendix C

Debugging

This appendix includes details about resources available on the Xilinx Support website and
debuggingteols.

TIP: /fithe IP géneration halts with an error, there might be a license issue. See License Checkers in
Chapter I"for mafre details.

Finding Help-on Xilinx.com

To help in the design and debugfprogess when using the Video over IP FEC Transmitter, the
Xilinx Support web page (Xilinx Supportg#eb page) contains key resources such as product
documentation, release notes, anSwerfrecards, information about known issues, and links
for obtaining further product suppart.

Documentation

This product guide is the main document associated withythe Video over IP FEC Transmitter.
This guide, along with documentation related to all products that aid in the design process,
can be found on the Xilinx Support web page or by usingthesXilinx Documentation
Navigator.

Download the Xilinx Documentation Navigator from the Downloads pdge. For more
information about this tool and the features available, open the online hélpyafter
installation.

Solution Centers

See the Xilinx Solution Centers for support on devices, software tools, and intellectual
property at all stages of the design cycle. Topics include design assistance, advisories, and
troubleshooting tips.

The Solution Center specific to the Video over IP FEC Transmitter core is listed below.

« Xilinx Ethernet IP Solution Center

+ Xilinx MIG Solution Center
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« Xilinx Solution Center for PCI Express

Answer Records

Answer Records include information about commonly encountered problems, helpful
information on how to resolve these problems, and any known issues with a Xilinx product.
Answer Records are created and maintained daily ensuring that users have access to the
most accurate information available.

Answer Records for this core can be located by using the Search Support box on the main
Xilinx supportyweb page. To maximize your search results, use proper keywords such as

+ Pfoduct name
« Tool message(s)

« Summary offthe issue encountered
A filter search is available @fter results are returned to further target the results.
Master Answer Record for the Video over IP FEC Transmitter

AR: 54549

Technical Support

Xilinx provides technical support in the Xilinx SUpport web page for this LogiCORE™ IP
product when used as described in the proddéct documentation. Xilinx cannot guarantee
timing, functionality, or support if you do any @f thegdollowing:

« Implement the solution in devices that are not défihed in the documentation.
« Customize the solution beyond that allowed in the®productide€umentation.

« Change any section of the design labeled DO NOT MOBIEY:

To contact Xilinx Technical Support, navigate to the Xilinx Supportaeb page.

Debug Tools

There are many tools available to address Video over IP FEC Transmitter design issues. It is
important to know which tools are useful for debugging various situations.

Vivado Design Suite Debug Feature

The Vivado® Design Suite debug feature inserts logic analyzer and virtual I/O cores directly
into your design. The debug feature also allows you to set trigger conditions to capture
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application and integrated block port signals in hardware. Captured signals can then be
analyzed. This feature in the Vivado IDE is used for logic debugging and validation of a
design running in Xilinx.

The Vivado logic analyzer is used with the logic debug IP cores, including:

« ILA 2.0 (and later versions)

« VIO 2.0 (and later versions)

See the Vivgdo Design Suite User Guide: Programming and Debugging (UG908) [Ref 11].

Various
can be use
system.

elopment boards support the Video over IP FEC Transmitter. These boards
totype designs and establish that the core can communicate with the

« 7 series FPGA evaluation boards

Ee
2
Q
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Third-Party Tools

Simulation Debug

The simulation debug flow for Questa® SIM is illustrated in Figure C-1. A similar approach
can be used with other simulators.

7
2

%

/%
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QuestaSIM
Simulation Debug

heck for the latest supported
versions of Questa Sim in the XAUI Datasheet”
Is this version being used?

To use these models, a Verilog
LRM-IEEE 1364-2005 encryption-
compliant simulator is required.

Update to this version. )

SecurelP models are used to
simulate the MGTs.

If using VHDL, do you have a
mixed-mode simulation license?

Obtain a mixed-mode
simulation license.

The XAUI Exal
allow the userto qui

Yes See Simulating the XAUI Example
Design in the Example Design chapter.

Does simulating the XAUI Example

A o
status and recieve an Design give the expected output?

frames.

Yes Need to compile and map the
proper libraries. See "Compiling
Simulation Libraries Section."

library 'secureip' at "secureip".
# No such file or directory.
(errno = ENOENT)
# ** Error: ../../example_design/
xaui_core_block.v(820):
Library secureip not found.

To model the MGTs, the SecurelP For verilog simulations add the "-L" switch

D rrors indicating . X .
models are used. These models g ogsxgle;remz; elicm M Yes w_nh the approprlate library reference to thel-
must be referenced during the vsim TBUFG" not defined? C sim command line. For example: -L secureip,

pr -L unisims_ver. See the example design

call. Also, it is necessary to " A
simulate_mti.do for an example.

reference the unisims library.

If the libraries are not compiled and
mapped correctly, it will cause errors
such as:

# ** Error: (vopt-19) Failed to access

al problem is more design specific, open

Are you able to transmit and Yes a case with Xilihx Technical Support
recieve frames on the XGMII interface? =1 and include a e dump of the simulation.
For the be: sults, dump the entire design

- N

Check that the link status is OK:
- Syncronization and Alignment have
been achieved
- Remote Faults are not being reciev
See the following debug sections for mor
details.
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Hardware Debug

Hardware issues can range from link bring-up to problems seen after hours of testing. This
section provides debug steps for common issues. The Vivado lab tools are a valuable
resource to use in hardware debug. The signal names mentioned in the following individual
sections can be probed using the Vivado lab tools for debugging the specific problems.

e timing constraints for the core were properly incorporated from the
and that all constraints were met during implementation.

« Does it VM st-place and route timing simulation? If problems are seen in
hardware but n timing simulation, this could indicate a PCB issue. Ensure that all
clock sourc ive and clean.

« If using MMCMslin the'design, ensure that all MMCMs have obtained lock by

monitoring the 1o .
: r licensing.
7 ,

« If your outputs go to
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Interface Debug

AXl4-Lite Interfaces

Read from a register that does not have all Os as a default to verify that the interface is
functional. Output s_axi_arready asserts when the read address is valid, and output
s_axi_rvalid asserts when the read data/response is valid. If the interface is
unresponsive, ensure that the following conditions are met:

* Thefs_axilaclk and aclk inputs are connected and toggling.

« Thejinterface s not being held in reset, and s_axi_areset is an active-Low reset.
« The interface i§@pabled, and s_axi_aclken is active-High (if used).

« The main core clocks,are toggling and that the enables are also asserted.

« If the simulationfhas been run, verify in simulation and/or a Vivado Lab tools capture
that the waveformuisicorrect for accessing the AXI4-Lite interface.

AXl4-Stream Interfaces
If data is not being transmitted of regéived, check the following conditions:

« If transmit <interface_name>_#reddy iSistuck Low following the
<interface_name>_tvalid input'beingasserted, the core cannot send data.

« Ifthereceive <interface_name>_tvali@is stdek Low, the core is not receiving data.
» Check that the aclk inputs are connected and toggling.
« Check that the AXI4-Stream waveforms are being‘followeah

« Check core configuration.

IP Core Debug

Crucial Core and Register Setting

1. When generating core in Vivado, ensure that the base address for FEC Buffer Base
Address is set based on the recommended computations described in Memory
Requirement in Chapter 3.

2. Ensure the core is not set on Error Configuration mode, which causes core to be in
Bypass Mode.

Error Configuration

a. FECD <4
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b. FECL < 4 and FEC Mode is set to 2D
c. FECL =1; when Non-Block Align

3. If in_pkt_cnt (0x0024) register is incrementing, it indicates the core is receiving a valid
UDP or RTP encapsulated ST 2022-2/6 compliant media packets.

4. If out_pkt_cnt (0x0028) register is incrementing, it indicates the core is transmitting a
valid RTP encapsulated ST 2022-2/6 compliant media packet or RTP encapsulated
ST 2022-1/5 compliant row FEC packet or RTP encapsulated ST 2022-1/5 compliant
column FEC packet or UDP packets.

):
&OO
2

%

Q
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Appendix D

Additional Resources and Legal Notices
and Legal Notices

Xilinx_Resources

For supportresolrces such as Answers, Documentation, Downloads, and Forums, see Xilinx
Support.

References

These documents provide supplemental“material useful with this product guide:

SMPTE ST 2022-5,6 Video Over IP ProddctaRage
SMPTE ST 2022-1,2 Video Over IP ProductdPage
Modular Media over IP Product Page

Modular Media over IP Reference Design (XAPP1272)

Vivado® Design Suite User Guide: Designing IP Stlbsystemswsing IP Integrator (UG994)
Vivado Design Suite User Guide: Designing with IP (UG896)

AX| Reference Guide (UG1037)

Vivado Design Suite User Guide: Getting Started (UG910)

W o N o vk W N

Vivado Design Suite User Guide: Logic Simulation (UG900)

10. ISE® to Vivado Design Suite Migration Guide (UG911)

11. Vivado Design Suite User Guide: Programming and Debugging (UG908)
12. Vivado Design Suite User Guide - Implementation (UG904)
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http://www.xilinx.com/cgi-bin/docs/ipdoc?c=axi_ref_guide;v=latest;d=ug1037-vivado-axi-reference.pdf
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Revision History

The following table shows the revision history for this document.

Date Version Revision
10/05/2016 2.0 Added support for RFC3190 and RFC4175. Updated Xilinx automotive
applications disclaimer.
04/06/2016 2.0 Updated for ST 2022-5/6 operation mode support.
11/18/2015 1.0 Added UltraScale+ support.
04/01/2015 1.0 Initial Xilinx release.

Please Read:simportant Legal Notices

The information disclosed to Yeu hereundén(the "Materials") is provided solely for the selection and use of Xilinx products. To the
maximum extent permitted by appli€able lawi (1) Materials are made available "AS IS" and with all faults, Xilinx hereby DISCLAIMS
ALL WARRANTIES AND CONDITIONS, EXPRESS, IMPLIED, OR STATUTORY, INCLUDING BUT NOT LIMITED TO WARRANTIES OF
MERCHANTABILITY, NON-INFRINGEMENT, ORFIFNESS FOR ANY PARTICULAR PURPOSE; and (2) Xilinx shall not be liable (whether
in contract or tort, including negligence, or ufider any'other theory of liability) for any loss or damage of any kind or nature related
to, arising under, or in connection with, thé'Material§ (inelu@ing your use of the Materials), including for any direct, indirect, special,
incidental, or consequential loss or damage (inclidingdossrof data, profits, goodwill, or any type of loss or damage suffered as a
result of any action brought by a third party) even ifsuch ddmage or loss was reasonably foreseeable or Xilinx had been advised
of the possibility of the same. Xilinx assumes no obligatieh'to @érrect any errors contained in the Materials or to notify you of
updates to the Materials or to product specifications. You may notireproduce, modify, distribute, or publicly display the Materials
without prior written consent. Certain products are subjectfto the térms and conditions of Xilinx's limited warranty, please refer to
Xilinx's Terms of Sale which can be viewed at http://www.xilinx.com/legalthtm#tos; IP cores may be subject to warranty and support
terms contained in a license issued to you by Xilinx. Xilinx products afre not designed or intended to be fail-safe or for use in any
application requiring fail-safe performance; you assume sole risk and liability for use of Xilinx products in such critical applications,
please refer to Xilinx's Terms of Sale which can be viewed at http:/Awwwailinx.com/legal.htm#tos.

AUTOMOTIVE APPLICATIONS DISCLAIMER

AUTOMOTIVE PRODUCTS (IDENTIFIED AS “XA" IN THE PART NUMBER) ARENOTWARRANTED FOR USE IN THE DEPLOYMENT OF
AIRBAGS OR FOR USE IN APPLICATIONS THAT AFFECT CONTROL OF A VERIGLE, ("SAFETYQAPRRICATION") UNLESS THERE IS A
SAFETY CONCEPT OR REDUNDANCY FEATURE CONSISTENT WITH THE ISO 26262/AUTOMOTIVE SAFETY STANDARD (“SAFETY
DESIGN"). CUSTOMER SHALL, PRIOR TO USING OR DISTRIBUTING ANY SYSTEMS THAT INCORPORATE PRODUCTS, THOROUGHLY
TEST SUCH SYSTEMS FOR SAFETY PURPOSES. USE OF PRODUCTS IN A SAFETY APPLICATION WITHOUJFA SAFETY DESIGN IS FULLY
AT THE RISK OF CUSTOMER, SUBJECT ONLY TO APPLICABLE LAWS AND REGULATIONS GOVERNING LIMIFATIONS ON PRODUCT
LIABILITY.

© Copyright 2015-2016 Xilinx, Inc. Xilinx, the Xilinx logo, Artix, ISE, Kintex, Spartan, Virtex, Vidado, Zyng, and other designated
brands included herein are trademarks of Xilinx in the United States and other countries. All othegtrademarksare the property of
their respective owners.
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