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Chapter 1

Introduction

Overview

The Vivado® Design Suite enables you to take your design from full register-transfer level
(RTL) creation to bitstream generation. System-level design entry consists of setting up
your design, including creating a project (if applicable), creating and adding source files,
elaborating the RTL design, and inserting and configuring debug information. You can
enter your design using the graphical user interface (GUI), known as the Vivado Integrated
Design Environment (IDE), or using Tcl commands and scripts.

Launching the Vivado Design Suite in Project and
Non-Project Mode

You can launch the Vivado Design Suite and run the tools using different methods
depending on your preference. For example, you can choose a Tcl script-based compilation
style method in which you manage sources and the design process yourself, also known as
Non-Project Mode. Alternatively, you can use a project-based method to automatically
manage your design process and design data using projects and project states, also known
as Project Mode. Either of these methods can be run using a Tcl scripted batch mode or run
interactively in the Vivado IDE. For more information on the different design flow modes,
see this link in the Vivado Design Suite User Guide: Design Flows Overview (UG892) [Ref 1].

Working with Tcl

If you prefer to work directly with Tcl, you can interact with your design using Tcl commands
using either of the following methods:

« Enter individual Tcl commands in the Vivado Design Suite Tcl shell outside of the
Vivado IDE.

« Enter individual Tcl commands in the Tcl Console at the bottom of the Vivado IDE.
* Run Tcl scripts from the Vivado Design Suite Tcl shell.

« Run Tcl scripts from the Vivado IDE.
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For more information about using Tcl and Tcl scripting, see the Vivado Design Suite User
Guide: Using Tcl Scripting (UG894) [Ref 3], Vivado Design Suite Tcl Command Reference Guide
(UG835) [Ref 4], and Vivado Design Suite User Guide: Design Flows Overview (UG892) [Ref 1].
For a step-by-step tutorial that shows how to use Tcl in the Vivado tools, see the Vivado
Design Suite Tutorial: Design Flows Overview (UG888) [Ref 5].

Launching the Vivado Design Suite Tcl Shell

Use the following command to invoke the Vivado Design Suite Tcl shell either at the Linux
command prompt or within a Windows Command Prompt window:

vivado -mode tcl

Note: On Windows, you can also select Start > All Programs > Xilinx Design Tools > Vivado
2016.x > Vivado 2016.x Tcl Shell.

Launching the Vivado Tools Using a Batch Tcl Script

You can use the Vivado tools in batch mode by supplying a Tcl script when invoking the
tool. Use the following command either at the Linux command prompt or within a Windows
Command Prompt window:

vivado -mode batch -source <your_Tcl_script>

Note: When working in batch mode, the Vivado tools exit after running the specified script.

Working with the Vivado IDE

If you prefer to work in a GUI, you can launch the Vivado IDE from Windows or Linux. For
more information on the Vivado IDE, see the Vivado Design Suite User Guide: Using the
Vivado IDE (UG893) [Ref 6] and Vivado Design Suite User Guide: Design Flows Overview
(UG892) [Ref 1].

O RECOMMENDED: Launch the Vivado IDE from the directory containing your project, or your working
directory. This makes it easier to locate the project file, log files, and journal files, which are written to
the launch directory.

TIP: For quick access to information on different parts of the Vivado IDE, click the Quick Help
O button 7 in the window or dialog box.
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Launching the Vivado IDE on Windows

Select Start > All Programs > Xilinx Design Tools > Vivado 2016.x > Vivado 2016.x.

@i___

TIP: You can right-click the Vivado IDE shortcut icon on the Microsoft Windows desktop, and select

O Properties to update the Start In field. This makes it easier to locate the project file, log files, and
journal files, which are written to the launch directory. See Output Files in the Vivado Design Suite User
Guide: Using the Vivado IDE (UG893) [Ref 6] for information on the default location of the log and
journal files.

Note: You can also double-click the Vivado IDE shortcut icon on your desktop.

Launching the Vivado IDE from the Command Line on Windows or Linux

To launch the Vivado Design Suite from the Linux or Windows command line, you must
install and configure the tool to run on the local machine. Installation adds the Vivado tools
to the PATH.

When the tool is installed, enter the following at the command prompt:

vivado

When you enter this command, it automatically runs vivado -mode gui to launch the
Vivado IDE. If you need help, type vivado -help.

TIP: To add the Vivado tools path to your current shell/command prompt, run settings64.bat or
O settings64.sh from the <install_path>/Vivado/<version> directory.

Launching the Vivado IDE from the Vivado Design Suite Tcl Shell

When the Vivado Design Suite is running in an interactive Tcl command shell in Tcl mode,
you can use the following command at the Tcl prompt to launch the Vivado IDE and open
the Vivado tool GUIL

start_gui
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Chapter 2

Working with Projects

Overview

When working in Project Mode, you can enter your design using various project types. This
chapter describes each project type and explains how to create and manage projects. It also
covers the Project Summary, Project Settings, and how to create a project using a Tcl script.

Project Types

Using the Vivado® Design Suite, you can create the following types of projects. Each
project type includes different input source types.

* RTL Projects, page 8

» Post-Synthesis Projects, page 9
« [/O Planning Projects, page 9

« Imported Projects, page 10

Note: A project cannot be changed to a different project type after it is created. The only exception
is the I/O planning project, which can be used as the basis for an RTL project.

RTL Projects

You can use the Vivado Design Suite to manage the entire design flow from RTL creation
through bitstream generation. You can add RTL source files, IP from the Xilinx IP catalog,
block designs created in the Vivado IP integrator, digital signal processing (DSP) sources,
and EDIF netlists for hierarchical modules. IP can include XCI or XCIX files generated by the
Vivado tools, legacy XCO files generated by the CORE Generator™ tool, and precompiled
EDIF or NGC-format netlists. For more detailed RTL information see the Chapter 4,
Elaborating the RTL Design.

Note: ISEIP is only supported for 7 series devices. ISE format IP (.ngc) are no longer supported with
UltraScale devices. Users should migrate their IP to native Vivado format prior to beginning
UltraScale designs.
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From an RTL project, you can elaborate and analyze the RTL to ensure proper syntax and
design constructs, launch and manage various synthesis and implementation runs, and
analyze the design and run results. You can also experiment with different constraints or
implementation strategies to achieve timing closure.

Post-Synthesis Projects

You can create projects using synthesized netlists created using Vivado synthesis, XST, or
any supported third-party synthesis tool. For example, the Vivado Design Suite can import
EDIF, NGC, structural SystemVerilog, or structural Verilog format netlists, XCI files (all
output products including the DCP must be already generated), as well as Vivado design
checkpoint (DCP) files. The netlist can be made up of a single file that is all-inclusive or a set
of files that are hierarchical and consist of multiple, module-level netlists.

ﬁ IMPORTANT: NGC format files are not supported in the Vivado Design Suite for UltraScale devices. It
is recommended that you regenerate the IP using the Vivado Design Suite IP customization tools with
native output products. Alternatively, you can use the NGC2EDIF command to migrate the NGC file to
EDIF format for importing. However, Xilinx recommends using native Vivado IP rather than
XST-generated NGC format files going forward.

You can analyze and simulate the logic netlist, launch and manage various implementation
runs, and analyze the placed and routed design. You can also experiment with different
constraints or implementation strategies.

O RECOMMENDED: Always reference the IP using the XCl file. Xilinx does not recommend reading just the
IP DCP file. While the DCP does contain constraints, it does not provide other output products that an
IP could deliver and that could be needed, such as ELF, COE, and Tcl scripts.

Note: ISEIP is only supported for 7 series devices. ISE format IP NGC (.ngc) are no longer supported
with UltraScale devices. Users should migrate their IP to native Vivado format prior to beginning
UltraScale designs.

Note: When you import an NGC or EDIF file with embedded timing constraints, the constraints are
not used by the Vivado Design Suite. Design constraints must be formatted as XDC commands. For
information on creating Xilinx® design constraints (XDC) files, see the Vivado Design Suite User
Guide: Using Constraints (UG903) [Ref 7]. For information on converting user constraints files (UCF)
to XDC constraints, see the ISE to Vivado Design Suite Migration Guide (UG911) [Ref 8].

I/0 Planning Projects

You can perform clock resource and I/O planning early in the design cycle by creating an
empty I/O planning project. You can define I/O ports within the Vivado IDE or import them
with either comma separated value (CSV) or XDC input files. You can also create empty I/O
planning projects to explore the logic resources available on the different device
architectures.
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After I/O assignment, the Vivado IDE can create CSV, XDC, and RTL output files for use later
in the design flow when RTL sources or netlists are available. The output files can also be
used to create schematic symbols for use in the printed circuit board (PCB) design process.

Note: You can use an I/O planning project as the basis for an RTL-based design project. For more
information, see Migrating to an RTL Design section in the Vivado Design Suite User Guide: /0 and
Clock Planning (UG899) [Ref 9].

Imported Projects

You can import RTL project data from Synopsys Synplify, XST, or ISE® Design Suite Project
Navigator to migrate a project into the Vivado tools. The project source files and
compilation order are imported, but implementation results and project settings are not.

Creating a Project

The New Project wizard takes you through the steps to define a project name and location,
add source files and constraint files to the project, and select a target device. Refer to
Appendix B, Vivado Naming Conventions for information on naming files and projects.

& CAUTION! The Windows operating system has a 260 character limit for path lengths which can affect
the Vivado tools. To avoid this issue, use the shortest possible names and directory locations when
creating projects, defining IP or managed IP projects, or creating block designs.

1. In the Vivado IDE, select File > New Project.

. e
Note: Alternatively, you can select the New Project toolbar button ¥ . You can also select
Create a New Project on the Getting Started Page.

2. In the New Project wizard, review the overview, and click Next.

3. In the Project Name page (Figure 2-1), set the following options, and click Next.
- Project name: Specifies the name of the project (for example, project_1).
- Project location: Specifies the location for the new project directory.

- Create Project Subdirectory: Adds a subdirectory with the same name as the
project to the specified project location.

Note: By default, this checkbox is enabled and the project file (.xpr extension) is created at
<project_location>/<project_name>. All folders and data files created for the
project are stored in the <project_name> subdirectory. If you disable this checkbox, the
project file (.xpr extension) is created at <project_location> and all folders and data
files created for the project are stored in that project location.
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-
¢ New Project I_53_|
Project Name
Enter a name for your project and specify a directory where the project data files will be stored. '

Project name: |project_8
Project location: | C:/Data [3
[¥] Create project subdirectory

Project will be created at: C:/Data/project_8

Figure 2-1: New Project Wizard—Project Name Page

4. In the Project Type page (Figure 2-2), specify the type of project, which determines the
types of source files that are associated with the project.

¢ MNew Project @

Project Type
Specify the type of project to create, '

@ RITL Project
~ You will be able to add sources, create block designs in IP Integrator, generate IP, run RTL analysis, synthesis,
implementation, design planning and analysis.

Post-synthesis Project: You will be able to add sources, view device resources, run design analysis, planning and
implementation.

Do not spedify sources at this time

1/O Planning Project
Do not specify design sources. You will be able to view part/package resources.

Imported Project
Create a Vivado project from a Synplify, XST or ISE Project File.

Example Project
Create a new Vivado project from a predefined template.

Figure 2-2: New Project Wizard—Project Type Page
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5. Depending on the type of project you are creating, continue with the instructions in one
of the following sections. The remaining pages of the wizard guide you through adding
appropriate sources to the project.

o

o

Creating an RTL Project

Creating a Post-Synthesis Project
Creating an I/O Planning Project
Importing an External Project

Tcl Commands for Working with Projects

Creating an RTL Project

You can specify RTL source files to create a project for use with RTL code development and
analysis as well as synthesis and implementation. For more information on RTL
development and analysis, see Chapter 4, Elaborating the RTL Design.

1. Follow the steps in Creating a Project.

2. In the Project Type page, select RTL Project, and click Next.

Note: If necessary, you can select Do not specify sources at this time. This skips the steps of
adding design sources and enables you to select the target part and create the project.

3. In the Add Sources page (Figure 2-3), set the following options, and click Next:

o

System-Level Design Entry

Add Files: Opens a file browser so you can select files to add to the project. You can
add the following file types to an RTL project: Verilog, VHDL, SystemVerilog, EDIF,
NGC, BMM, ELF, and other file types.

Note: In the Add Source Files dialog box, each file or directory is represented by an icon
indicating it as a file or folder. A small red square indicates it is read only.

Add Directories: Opens a directory browser to add source files from the selected
directories. Files in the specified directory with valid source file extensions are
added to the project.

Create File: Opens the Create Source File dialog box in which you can create new
VHDL, Verilog, Verilog header, or SystemVerilog files. Create Source File dialog box,
set the following options:

- File type: Specifies one of the following file formats: Verilog file (.v extension),
Verilog Header file (.vh extension)., SystemVerilog file (.sv extension), or VHDL
file (.vhdl extension).

- File name: Specifies a name for the new HDL source file.
- File location: Specifies a location in which to create the file.

Note: A placeholder for the file is added to the list of sources. The file is created when you
click Finish.
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o Library: Specifies the RTL library for a file or directory. You can select a library
name, or specify a new library name by typing in the Library text field.

Note: This option applies to VHDL files only. By default, HDL sources are added to the
xil_defaultlib library. You can create or reference additional user VHDL libraries as
needed. For Verilog and SystemVerilog files, leave the library set to xil_defaultlib.

- HDL Source for: Specifies whether the source being loaded is an RTL source file for
synthesis and simulation or an RTL test bench for simulation only.

. Delete: Removes the selected source files from the list of files to be added.

- Move Selected File Up: Moves the file or directory up in the list order. The order of
the files affects the order of elaboration and compilation during downstream
processes such as synthesis and simulation.

- Move Selected File Down: Moves the file or directory down in the list order.

- Scan and Add RTL Include Files into Project: Scans all RTL source files and adds
any referenced Verilog ‘include files into the project structure.

- Copy Sources into Project: Copies the added source files and 'include files into the
local project directory instead of referencing the original files. If you added
directories of source files using Add Directories, the directory structure is
maintained when the files are copied locally into the project. For more information,
see Using Remote Sources or Copying Sources into Project in Chapter 3.

. Add Sources from Subdirectories: Adds source files from the subdirectories of
directories specified with Add Directories.

- Target Language: Specifies the target language for the design as either Verilog or
VHDL. New RTL files default to the specified target language. Output files are
generated from the design in the specified target language.

- Simulator Language: Specifies the language in which output products are
generated for simulation as well as the file types used for third party simulation
scripts. For more information, see the Vivado Design Suite User Guide: Logic
Simulation (UG900) [Ref 10].
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¢ MNew Project @
Add Sources

Specify HDL and netlist files, or directories containing HOL and netlist files, to add to your project. Create a
new source file on disk and add it to your project. You can also add and create sources later,

lh Index Mame Location Library HDOL Source For Location
W 1 FifoBuffer.w C:/Data/Sources/hdl xil_defaultib Synthesis & Simulation ~ Ci/Data/Sources/hdl
w8 2 async_fifo.v C:/Data/Sources/hdl xil_defaultib Synthesis & Simulation * C:/Data/Sources/hdl
wh 3 bft.vhdl C:/Data/Sources/hdl xil_defaultib Synthesis & Simulation ~ Ci/Data/Sources/hdl
e 4 bft_tb.v C:/Data/Sources/hdl xil_defaultib Synthesis & Simulation  C:/Data/Sources/hdl
wd 5 timescale.v  C:/Data/Sources/hdl xil_defaultib Synthesis & Simulation ~ Ci/Data/Sources/hdl
Add Files | | Add Directories | | Create File

Scan and add RTL incude files into project
/| Copy sources into project
Add sources from subdirectories

Target language: | Verilog ~ | Simulator language: Mixed -

7 < Back Cancel

Figure 2-3: New Project Wizard—Add Sources Page

4. Optional: In the Add Configurable IP page (Figure 2-4), set the following options, and
click Next:

- Add Files: Invokes a file browser so you can select Xilinx Core Instance (XCI) files,
which are native to the Vivado Design Suite, a Core Container (XCIX) file, which is a
single file representation for an IP, or CORE Generator core (XCO) files. You can also
add Block Design files (BD) from the Vivado IP Integrator feature, or Mathworks
Simulink project files (SLX or MDL) for DSP sub-designs.

The XCI file is an IP-XACT component instance XML file that records the values of
project options, customization parameters, and port parameters used to create the
IP. The XCIX is a compressed binary file containing the entire IP directory and all
output products, including the XCI, synthesis, simulation and support files. See the
Core Container section in the Vivado Design Suite User Guide: Designing with IP
(UG896) [Ref 11] for more details.

Note: When you add XCI or XCIX IP created with the Vivado IP catalog, the Vivado IDE
automatically imports all available generated targets, such as HDL sources, into the project.
When you run synthesis, the IP and the top-level design are synthesized together.

- Add Directories: Invokes a file browser so you can select a directory that contains
XCI or XCIX files, which are native to the Vivado Design Suite, XCO files, BD files, or
MDL/SLX files. After you select the directory, all XCI, XCIX, and XCO files located in
the directory and its subdirectories are added to the list of IP.

- Remove Selected Files and Directories: The ‘X’ button removes the selected
source files and directories from the list.

- Copy Sources into Project: Copies files into the local project directory instead of
referencing the original files.
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In some cases, third-party providers offer IP as synthesized NGC or EDIF netlists
rather than HDL sources. To load netlist-based IP sources, add these files in the Add
Sources dialog box as shown in Figure 2-3. You can also load parameterized cores
into the project from within the Vivado IDE using the IP Catalog, as described in
Working with IP Sources in Chapter 3.

¢ MNew Project @
Add Existing IP (optional)
Specify existing configurable IP, DSP composite, and Embedded sub-design files to add to your project. '
lh Index Mame Location Library HDOL Source For Location
{F1 char_fifo C:/Data/IP/char_fifo/char_fifo.xd MNfA MfA C:/Data/IP/char_fifo/char_fifo.xd
{2 dk_core C:/Data/IP/dk_corefdk_core.xd  NfA MNfA C:/Data/TP/dk_core/dk_core.xd
| AddFiles i | Add Directories
/| Copy sources into project
7 < Back Finish Cancel

Figure 2-4: New Project Wizard—Add Existing IP Page

5. Optional: In the Add Constraints page (Figure 2-5), set the following options, and click
Next:

- Add Files: Invokes a file browser so you can select Synopsys Design Constraint
(SDC) or XDC files to add to the project.

- Create File: Creates a new top-level XDC file for the project.
. Remove: Removes the selected file from the constraint list.

- Up / Down: Moves a constraint file up or down in the listed order. Commands are
order-dependent; the last-read command of a constraint overwrites the effects of
an earlier command.

- Copy Constraints into Project: Copies constraint files into the local project
directory instead of referencing the original files.

Note: Any SDC or XDC file found in the same directories as the RTL or netlist source files
associated with the project are automatically listed as constraint files to be added to the project.
You can remove these files as needed.
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¢ MNew Project @
Add Constraints (optional)
Specify or create constraint files for physical and timing constraints, '

lh Constraint File Location
Y bft.xdc C:\Data\Sources
Y bft_ful_kintex7.xdc C:\Data\Sources

[ TAddFies | | createFie
/| Copy constraints files into project
7 < Back Next > Finish Cancel

Figure 2-5: New Project Wizard—Add Constraints Page

6. In the Default Part page (Figure 2-6), select a Xilinx part or targeted design platform
(TDP) board, and click Next:

o Parts: Lists available devices. Information about the device resources displays in a
table view, such as I/O pin count, the number of look-up tables (LUTs) and flip-flops
(FFs), and available block RAM. You can filter the list using the Product Category,
Family, Sub-Family, Package, Speed Grade, and Temp Grade filters. You can also use
the Search field to find specific devices.

The Vivado Design Suite installation process lets you select which Xilinx devices to
install in order to reduce the disk space required by the Vivado tool. If you need to
target a part that is not currently installed on your system, you must exit the tool and
install the additional parts of interest. Refer to this link in Vivado Design Suite User
Guide: Release Notes, Installation, and Licensing (UG973) [Ref 2] for more
information.

- Boards: Lists available development boards, or TDP boards, and the Xilinx part used
on the board. Information about device resources displays in a table view similar to
the one shown for Parts. You can filter the list using the Vendor, Display Name, and
Board Rev filters. You can also use the Search field to find specific board parts.

O RECOMMENDED: When you select a board that supports the Vivado Design Suite platform board flow,
you can take advantage of automated features in the Vivado IP catalog and Vivado IP integrator. For
example, you can automatically create I/0 constraints for IP that supports the interfaces available on
the selected board. For more information, see Using the Vivado Design Suite Platform Board Flow,
page 26.
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¢ MNew Project @
Default Part
Choose a default Xilinx part or board for your project. This can be changed later, '

Select: | & Parts | @ Boards

4 Filter

Product category: | All - Speed grade: | All -

Family: All - Temp grade: | All -

Package: All -

Reset Al Filters
Search: | -
I/0 Pin Block " GTPE2 Gb Available

B Count RAMs BEE FlipFiops Transceivers Transceivers I0Bs
% xcTvx485tfig1157-2L 1,157 1030 2800 607200 a 20 600 -
 xcrncistfiguisz Lt om0 leormoJo |
% xcTvx485tfig1158-3 1,158 1030 2800 607200 a 43 350
i xcTvx435tffig1153-2 1,158 1030 2800 607200 a 43 350
% xcTvx485tfig1158-2L 1,158 1030 2800 607200 a 43 350
% xcTvx485tffig1158-1 1,158 1030 2800 607200 a 43 350 =
& xcTvxa85tig1761-3 1,761 1030 2800 507200 0 28 700 |i|
i xcTvx435tifig1761-2 1,761 1030 2800 607200 a 28 700
& xcTvxa85tg1761-2L 1,761 1030 2800 507200 0 28 700
i xcTvx485tfig1761-1 1,761 1030 2800 607200 a 28 700
% xcTvx485tfig1927-3 1,927 1030 2800 607200 a 56 600
i xcTvx435tffig1927-2 1,927 1030 2800 607200 a 56 600
% xcTvx485tfig1927-2L 1,927 1030 2800 607200 a 56 600
i xcTux435tfig1927-1 1,927 1030 2800 607200 a 56 600 -
T w o T T T ) - - 3

Figure 2-6: New Project Wizard—Default Part Page

7. In the New Project Summary page, view the selected options that define the project,
and click Finish. When you click Finish the project directory structure is created, any
files that should be made local to the project are copied, and the project file is written.
Any design sources that need to be created must be defined as shown in the following
step, and then are written to disk.
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8. Optional: If you used the Create File option in step 3, to create a new HDL module, the
Define Modules dialog box (Figure 2-7) appears. In this dialog box, define the module
or architecture in the Verilog, Verilog Header, SystemVerilog, or VHDL code using the
following options, and click OK:

- Entity name/Module name: Specifies the name for the entity construct in the
VHDL code or the module name in the Verilog or SystemVerilog code.

Note: Although the entity or module name defaults to the file name, it does not have to
match the file name.

- Architecture name: Specifies the Architecture for the RTL source file. By default,
the name is Behavioral.

Note: This option only applies to VHDL code and does not appear when defining Verilog or
SystemVerilog modules.

- 1/0 Port Definitions: Define the ports to be added to the module definition:
- Port Name: Defines the name of the port to appear in the RTL code.
- Direction: Specifies whether the port is an Input, Output, or Bidirectional port.

- Bus: Specifies whether the port is a bus port. Define the width of the bus using
the MSB and LSB options.

- MSB: Defines the number of the most significant bit (MSB). This combines with
the LSB field to determine the width of the bus being defined.

- LSB: Defines the number of the least significant bit (LSB).

Note: MSB and LSB are ignored if the port is not a bus port.

¢ Define Module =

Define a module and specify Ij0 Ports to add to your source file,

For each port specified:
MSE and LSB values will be ignored unless its Bus column is checked. ‘
Ports with blank names will not be written.

Module Definition

Module name: | fifo
10 Port Definitions

+ Port Mame Direction Bus MSB LSB
rd_clk input -
wr_dk input -
data_in input - (¥ 7 1]
data_out output - [& 7 1]
rd_en input -
Wr_en input -
full output -
empty output -
input -
IZ| Cancel

Figure 2-7: Define Module Dialog Box
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The RTL source files are created and added to your project. The Sources window lists the
newly defined modules. These new source files define the Verilog module or VHDL
entity, but you must edit the files to define the logic or architecture for these blocks. To
edit the new source files in the Vivado IDE Text Editor, double-click the file or select
Open File from the right-click menu. For information on editing the newly created file,
see Editing Source Files, page 70.

Creating a Post-Synthesis Project

A post-synthesis project begins with a synthesized netlist and corresponding constraints.
You can then analyze, floorplan, and implement the design.

Note: You can use either XST or third-party synthesis tools to create the synthesized netlist.

ﬁ IMPORTANT: When working with EDIF and NGC files, the top cell name must match the name of the
file.

1. Follow the steps in Creating a Project.
2. In the Project Type page, select Post-Synthesis Project, and click Next.

Note: If necessary, you can select Do not specify sources at this time. This skips the steps of
adding design sources and enables you to select the target part and create the project.

3. Inthe Add Netlist Sources page (Figure 2-8), use the following options to specify netlist
files to read, identify the file containing the top module, and define directories to search
for lower-level module netlist, and click Next.

- Add Files: Invokes a file browser so you can select netlist files (structural Verilog,
SystemVerilog, EDIF or NGC), XCI files (all the output products for the IP must be
generated, including the DCP), or design checkpoint files (DCP) to add to the
project.

O RECOMMENDED: Always reference the IP using the XCl file. Xilinx does not recommend reading just the
IP DCP file. While the DCP does contain constraints, it does not provide other output products that an
IP could deliver and that could be needed, such as ELF, COE, and Tcl scripts.

Note: Enable the Top radio button for the file that contains the top-level netlist.

- Add Directories: Invokes a directory browser so you can select directories to search
for modules. Files in the specified directory with valid source file extensions are
added to the project.

- Remove Selected Files and Directories: The ‘X' button removes the selected
source files and directories from the list.

- Move Selected Files and Directories Up: The up arrow icon moves the file or
directory up in the list order.
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Move Selected Files and Directories Down: The down arrow icon moves the file or
directory down in the list order.

Copy Sources into Project: Copies files into the local project directory instead of
referencing the original files. If you added directories of source files using Add
Directories, the directory structure is maintained when the files are copied locally
into the project. For more information, see Using Remote Sources or Copying
Sources into Project in Chapter 3.

Add Sources from Subdirectories: Looks for netlist files in the subdirectories of
directories specified with Add Directories.

¢ MNew Project @
Add Netlist Sources
Specify netlist files to add to your project. Use the 'Add Files' button to select the file that contains the design Top' module and '
part.

lh Index Mame Location Top Location
1 top.edif C:/Data/Sources/netlist C:/Data/Sourcesnetlist
| AddFiles i | Add Directories

/| Copy sources into project

Add sources from subdirectories

r < Back Next > Finish Cancel

Figure 2-8: New Project Wizard—Add Netlist Sources Page

4. Optional: In the Add Constraints page (Figure 2-5), set the following options, and click
Next:

o

Add Files: Invokes a file browser so you can select SDC or XDC files to add to the
project.

Create File: Creates a new top-level XDC file for the project.
Remove: Removes the selected file from the constraint list.

Up / Down: Moves a constraint file up or down in the listed order. Commands are
order-dependent; the last-read command of a constraint overwrites the effects of
an earlier command.

Copy Constraints into Project: Copies constraint files into the local project
directory instead of referencing the original files.

Note: Any SDC or XDC file found in the same directories as the RTL or netlist source files
associated with the project are automatically listed as constraint files to be added to the project.

5. In the Default Part page (Figure 2-6), select a Xilinx part or TDP board, and click Next:

System-Level Design Entry
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6.

Parts: Lists available devices. Information about the device resources displays in a
table view. You can filter the list using the Product Category, Family, Sub-Family,
Package, Speed Grade, and Temp Grade filters. You can also use the Search field to
find specific devices.

Boards: Lists available TDP boards, and the Xilinx part used on the board.
Information about device resources displays in a table view, such as I/O pin count,
the number of LUTs and flip-flops, and available block RAM. You can filter the list
using the Vendor, Display Name, and Board Rev filters. You can also use the Search
field to find specific board parts.

In the New Project Summary page, view the selected options that define the project,

and click Finish.

Creating an 1/0O Planning Project

You can use an [/O planning project for device exploration and for planning the device
pinout for an in-progress system-level design. You can create this type of project prior to
completing the HDL or the synthesized netlist. For example, this allows you to exchange
design information with the system-level or PCB designer. For more information about I/O
planning, see the Vivado Design Suite User Guide: I/O and Clock Planning (UG899) [Ref 9].

1.
2.
3.

System-Level Design Entry

Follow the steps in Creating a Project.

In the Project Type page, select I/O Planning Project, and click Next.

Optional: In the Import Ports dialog box (Figure 2-9), use the following options to select
a file for importing I/O Port definitions and constraints, and click Next.

o

Import CSV: Selects a CSV file with I/O Ports definitions. For more information on
CSV files, see the Vivado Design Suite User Guide: /0O and Clock Planning (UG899)
[Ref 9].

Import XDC: Selects an XDC with I/O Port-related constraints only.

Do not import I/0 ports at this time: Creates an empty project. You can create or
import [/Os later.

Note: Use an RTL project to perform I/O pin planning on a design using RTL header or
source files.
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¢ MNew Project @
Import Ports (optional)
‘fou may specify a CSV or XDC file to define and configure your ports. If you skip this step now, you can import ports later and/or
create ports manually.
'@ Import CSV: l:l

Import XDC:

Do not import IfO ports at this time

Finish Cancel

<Back |}

E

Figure 2-9: New Project Wizard—Import Ports Page
4. In the Default Part page (Figure 2-6), select a Xilinx part or TDP board, and click Next:

- Parts: Lists available devices. Information about the device resources displays in a
table view. You can filter the list using the Product Category, Family, Sub-Family,
Package, Speed Grade, and Temp Grade filters. You can also use the Search field to
find specific devices.

- Boards: Lists available TDP boards, and the Xilinx part used on the board.
Information about device resources displays in a table view, such as I/O pin count,
the number of LUTs and flip-flops, and available block RAM. You can filter the list
using the Vendor, Display Name, and Board Rev filters. You can also use the Search
field to find specific board parts.

5. In the New Project Summary page, review the options you selected to define the
project, and click Finish to create and open the project.

Note: For more information on Memory IP I/O planning, see the Vivado Design Suite User Guide: /0
and Clock Planning (UG899) [Ref 9].
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Importing an External Project

You can import an existing RTL-level project file created outside of the Vivado IDE, for
example, using Synopsys Synplify, XST, or ISE Design Suite Project Navigator. The Vivado
IDE detects the source files in the specified project and automatically adds the files to the
new project. Settings such as top module, target device, and VHDL library assignment are
imported from the existing project.

Note: For more information on importing an XST or ISE Design Suite project, see the ISE to Vivado
Design Suite Migration Guide (UG911) [Ref 8].

1. Follow the steps in Creating a Project.
2. In the Project Type page, select Imported Project, and click Next.

3. IntheImport Project page (Figure 2-10), use the following options to specify the project
file to import, and click Next.

- ISE: Imports the specified Xilinx ISE Design Suite (.xise extension) project file.
- Synplify: Imports the specified Synplify (.prj extension) project file.
o XST: Imports the specified XST (.xst extension) project file.

- Copy Sources into Project: Copies files into the local project directory instead of
referencing the original files.

¢ MNew Project @
Import Project
Import sources and settings from a Synplify, X5T, or ISE project file. '
Project File
@) ISE: ()
Synplify:
AST:
Copy sources into project
B <Back |} Eir Cancel

Figure 2-10: New Project Wizard—Import Project Page

4. In the New Project Summary page, review the options that define the project, and click
Finish.

Note: The target part for the project is defined with the project settings of the imported project.

The Vivado IDE imports the RTL source files and constraint files from the specified
project, and creates a project file in the specified directory. The Vivado IDE writes a
summary of the import process to the Import Summary Report log file in the new
project directory. In this summary file, you can review the steps used in creating the
project as well as any errors or warnings.
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Tcl Commands for Working with Projects

Following are Tcl commands associated with creating a project. For an example script, see
Creating a Project Using a Tcl Script.

Note: For more information on Tcl commands, see the Vivado Design Suite Tcl Command Reference
Guide (UG835) [Ref 4], or type <command> -help.

Tcl Commands for Creating a Project
Following are the associated Tcl commands:

e Tcl Commands: create_project and set_property

* Tcl Command Example (RTL Project): create_project my_project
C:/team/designs/my_project -part xc7k325tffg676-2 set_property
DESIGN_MODE RTL [current_fileset]

+ Tcl Command Examples (Post-Synthesis Project):

create_project my_IO_project C:/team/designs/my_IO_project -part
xc7k325tffg676-2

set_property design_mode GateLvl [current_fileset]
*+ Tcl Command Examples (I/O Planning Project):

create_file project_io C:/projects/project_io -part
xc7vx485tffgll57-1

set_property design_mode PinPlanning [current_fileset]

Tcl Commands for Importing a Project
Following are the associated Tcl commands:

e Tcl Command: create_project and import_xise set_property
DESIGN_MODE RTL [current_ fileset]

* Tcl Command Examples:
create_project project_import_ise C:/projects/project_import_ise

import_xise C:/projects/old/wave_gen_vhd_s6/wave_gen_vhd_s6.xise
-copy_sources

System-Level Design Entry N Send Feedback 24
UG895 (v2016.4) November 30, 2016 www.xilinx.com L—w_—————————J



https://www.xilinx.com
http://www.xilinx.com/about/feedback.html?docType=User_Guides&docId=UG895&Title=Vivado%20Design%20Suite%20User%20Guide%3A%20System-Level%20Design%20Entry&releaseVersion=2016.4&docPage=24

i: XILINX Chapter 2: Working with Projects

ALL PROGRAMMABLE

Tcl Commands for Adding Design Sources, Constraints Files, and Simulation
Sources

Following are the associated Tcl commands:

e Tcl Command: add_files or import_files

 Tcl Command Examples:
add_files top.v
import_files -fileset constrs_1 C:/projects/sources/timing.xdc
add_files -norecurse source_dir
import_files source_dir

Note: The add_files command references the file from its current location. The import_files
command copies the file into the project.

C CAUTION! The read_xdc, read_vhdl, read _verilog, read_ip, and read_edif Tcl commands
are designed for use with Non-Project Mode only. For more information, see Working with Sources in
Non-Project Mode in Chapter 3.

TIP: You can use the PATH_MODE property with the add_files Tcl command to specify whether to
O use absolute or relative paths. By default, relative paths are used. For more information, see the Vivado
Design Suite Properties Reference Guide (UG912) [Ref 14].

Tcl Commands for Adding Existing IP Sources
Following are the associated Tcl commands:

e Tcl Command: add_files or import_ip

* Tcl Command Example: import_ip
C:/projects/sources/char_fifo/char_fifo.xci

Note: The add_files command references the XCI file and associated output products from their
current location. The import_ip command copies the XCI file and associated output products into
the project.
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Tcl Commands for Setting the Project Part
Following are the associated Tcl commands:

e Tcl Command: create_project or set_property

 Tcl Command Examples:

create_project my_project C:/projects/my_project -part
xc7k325tffg676-2

set_property PART xc7k70tfbg676-2 [current_project]

Note: You can set the part either when you create the project or after you create the project.

Using the Vivado Design Suite Platform Board Flow

The Vivado Design Suite lets you create projects using Xilinx target design platform boards
(TDP), or user-specified boards that have been added to a board repository. When you
select a specific board, the Vivado design tools enable additional designer assistance as
part of IP customization, and for IP integrator designs.

¢ MNew Project @
Default Part
Choose a default Xilinx part or board for your project. This can be changed later, '
Select: @ Parts | Boards
4 Filter| Preview
Vendor: All -
Display Name: | Al -
Board Rey: Latest -
Reset Al Filters
Search: -

) ) - ) Blod
Display Mame Vendor Board Rev Part I1/O Pin Count  File Version RAM
B ZedBoard Zyng Evaluation and Development Kit em.avnet.com d & xc7z020cg484-1 434 1.3 140 -
B Artix-7 AC701 Evaluation Platform xilins. com 1.1 & xc7a200tfhas76-2 676 1.3 365
B Kintex-7 KC705 Evaluation Platform xilinx. com 1.1 & xcTk325tFge00-2 300 1.3 445
B Kintex-UltraScale KCU105 Evaluation Platform  xilinx.com 1.0 % xcku040-ffval156-2-e 1,156 L1 600
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Figure 2-11: New Project Wizard—Default Part/Board

System-Level Design Entry N Send Feedback 26
UG895 (v2016.4) November 30, 2016 www.xilinx.com [—\/—]



https://www.xilinx.com
http://www.xilinx.com/about/feedback.html?docType=User_Guides&docId=UG895&Title=Vivado%20Design%20Suite%20User%20Guide%3A%20System-Level%20Design%20Entry&releaseVersion=2016.4&docPage=26

g: XILINX Chapter 2: Working with Projects

ALL PROGRAMMABLE

Adding User-Boards to a Repository

The Vivado Design Suite installation includes board definition files for the TDP boards that
are delivered as part of the tool. You can also create your own board files, using the schema
described in Appendix A, Board Interface File, to add to a board repository to be used with
Vivado Design Suite.

In order to add your own board files, or third-party files, to the board repository you must
define the following parameter either in your init. tcl file, or soon after opening the
Vivado Design Suite:

set_param board.repoPaths [list “<pathl>" “<path2>" “..."]

For more information about the init. tcl file refer to this link in the Vivado Design Suite
Tcl Command Reference Guide (UG835) [Ref 4].

TIP: The Vivado Design Suite board repository at <Vivado_install_location>/data/boards is always
O read regardless of the value of this parameter.

Using the IP Catalog with the Platform Board Flow

A Board tab is available in the Customize IP dialog box (Figure 2-12) when you are working
with IP from the Xilinx IP catalog that supports the platform board flow. You can select the
board interfaces to use in the IP customization. Based on the IP interfaces supported by the
selected board part, IP configuration options change to enable physical constraint
generation specific to the board, such as I/O locations and I/O standards. For more
information on configuring board-related IP see Vivado Design Suite User Guide: Designing
IP Subsystems Using IP Integrator (UG994) [Ref 13].

ﬁ Customize IP @

AXI GPIO (2.0) '

ﬁﬂ Documentation | IP Location I£J Switch to Defaults

Show disabled ports Companent Name axi_gpio_0|
Board | IF Configuration

Assodate IP interface with board interface

1P Interface Board Interface
GPIO Custom
GPI1O2 Custom

Clear Board Parameters

Z[dms_ART
5 _axi_ark GPIOea |||

_axi_aresetn

Enable Interrupt

Figure 2-12: Board Tab in the Customize IP Dialog Box
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Using the Vivado IP Integrator with the Platform Board Flow

Optionally, you can use the Vivado IP integrator to add IP to your block design. If you
selected a board for the project, the Board window (Figure 2-13) is available in the IP
integrator, showing the IP interfaces that are available on the selected board, and which of
those interfaces have been used.

Vivado IP integrator instantiates the pre-configured IP and assigns the physical board
constraints, such as I/O location and I/O standards for the IP, as well as any related
parameters used for implementation and device configuration.

After configuration, all of the board physical constraints are automatically passed to the
downstream synthesis and implementation tools. For more information on using the
platform board flow, see this link in the Vivado Design Suite User Guide: Designing IP
Subsystems Using IP Integrator (UG994) [Ref 13].

Board — 0O =
A I S([E)D
B Kintex-7 KC705 Evaluation Platform
== Clock Sources (0 out of 1 connected)
i “-(Cr System differential dock
-5 Ethernet Configurations {0 out of 4 connected)]
-¥_) Onboard PHY
~#_) PHY using SFP
-#_) PHY using SMA
-#_) PHY using SMA in LVDS mode
== External Memary (0 out of 3 connected)
- DDR3 SDRAM
- Linear flash
¥ SPI flash
== General Purpose Input or Cutput (0 out of 5
-¥_) DIP switches
¥
-,

[a]
o
T
T

LED
--¥_) Push buttons
--+#_) Rotary switch
== Miscellaneous (0 out of 2 connected)

== Reset (0 out of 1 connected)

& Sources | EJ Design Signals @& Board

Figure 2-13: Board Components Window in Vivado IP Integrator
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Managing Projects

Opening a Project

When a project is opened, the Vivado IDE restores the state of the project from the time the
project was closed. The project state includes the current source file order, disabled and
enabled source files, active and target constraint files, and the state of synthesis,
simulation, and implementation runs.

To open a project, use one of the following methods:

« In the Getting Started page, click Open Project.
« Select File > Open Project.
+ Click the Open Project toolbar button

« Inthe Tcl Console, enter the open_project command.

From the Open Project dialog box, you can select a project file (.xpr extension). The File
Preview window in the Open Project dialog box displays information about the currently
selected file.

Note: Alternatively, you can double-click the Vivado IDE project file (.xpr extension) in Windows
Explorer to open the project.

Tcl Command for Opening a Project
Following is the associated Tcl command:

e Tcl Command: open_project

« Tcl Command Example: open_project c:/projects/projectl.xpr

Opening Multiple Projects

To open multiple projects in a single session, use any of the methods described in Opening
a Project to open an additional project while a project is already open. The Vivado IDE
prompts you to close the current project. If you do not close the first project, both projects
are opened. Each open project has a separate IDE window.

When opening multiple projects from the same Vivado IDE application process, be aware
that the commands used in all open projects are written to the Tcl Console. When reviewing
the transcript of commands, it might not be clear which project the commands are
associated with. In addition, there is only a single vivado.jou and a single vivado.log
file for the application for all projects.

Note: System memory requirements can hinder performance when opening multiple projects.
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Saving a Project

Projects are automatically saved for you. For example, any time you make a change to a
project, such as changes to source configuration, properties on files, or run options, the
project is automatically saved on disk.

TIP: However, changes to the design constraints are not automatically saved as part of the project. You
O must use the Save Constraints command, or Save Constraints As..., to write constraint changes to disk.

To save a project to a new location, select File > Save Project As. This copies the entire
project directory structure to a specified location and maintains the status of the existing
runs.

Tcl Command for Saving a Project
Following is the associated Tcl command:

e Tcl Command: save_project_as

« Tcl Command Example: save_project_as new_project c:/projects/

Closing a Project

To close a project, select File > Close Project. When you close a project, you are prompted
to save any unsaved changes to the design or source files.

Tcl Command for Closing a Project

Following is the associated Tcl command: close_project

Archiving Projects

You can create a project archive to store as backup or to send to a remote site. When
archiving a project, the Vivado IDE does the following:

« Parses the hierarchy of the design.

« Copies the required source files, include files, and remote files from the library
directories.

« Copies the constraints.

« Optionally, copies the results of the various synthesis, simulation, and implementation
runs.

« Creates a ZIP file of the project.
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To archive a project:

1. Select File > Archive Project.

2. In the Archive Project dialog box (Figure 2-14), set the following options, and click OK.
- Archive name: Specifies the name of the project archive.
- Archive location: Specifies a location to store the project archive file.

- Temporary location: (Windows only) Specifies a temporary directory to copy files
to when creating the project archive. The temporary directory is created if it does
not exist, and is emptied when the archive process is complete. By default, the
Vivado tool creates a temporary directory inside of the current working directory.

- Include configuration settings: Includes the init.tcl file, which contains Tcl
initialization commands that are helpful in debugging your design. For more
information, see the Vivado Design Suite Tcl Command Reference Guide (UG835)
[Ref 4].

o Include run results: Includes the settings and results of the runs performed on the
project. Including the results of synthesis and implementation runs can significantly
increase the size of the project archive.

¢ Archive Project @
Create a compressed (.zip) file that contains all the sources, settings and other files assodated with
this project.
Archive name: project_6
Archive location: C:/Data l:l

Archive file will be created at: C:/Data/project_6.xpr.zip

Temporary location: C:.."hnp| l:l
Indude configuration settings
V| Indude run results

Figure 2-14: Archive Project Dialog Box

The Vivado IDE creates a project archive in ZIP file format that contains the required
source files, include files, and run files (if specified) as well as an archive.log file of

the archival process. You can review the creation of the archive in the archive.log
file.

System-Level Design Entry N Send Feedback 31
UG895 (v2016.4) November 30, 2016 www.xilinx.com [—\/—]



https://www.xilinx.com
http://www.xilinx.com/about/feedback.html?docType=User_Guides&docId=UG895&Title=Vivado%20Design%20Suite%20User%20Guide%3A%20System-Level%20Design%20Entry&releaseVersion=2016.4&docPage=31

i: XILINX Chapter 2: Working with Projects

ALL PROGRAMMABLE

~>

System-Level Design Entry

Tcl Command for Archiving a Project
Following is the associated Tcl command:

e Tcl Command: archive_project
 Tcl Command Example: archive_project -exclude_run_results proj3.zip

Note: To avoid the 256 character limit on Windows, use the -temp_dir option to specify a
temporary directory to copy files to when creating the project archive.

Working with Source Control Systems

You can use the File > Write Project Tcl command to generate a Tcl script that recreates
the current project. The generated script includes Tcl commands that:

« Create the project

+ Set the project type

« Create filesets

« Add or import source files

« Define runs and run properties

You can store this Tcl script and the various design sources in a source control system for
source file management and project archival.

Note: For more information on working with source control systems, see this link in the Vivado
Design Suite User Guide: Design Flows Overview (UG892) [Ref 1].

VIDEO: See the Vivado Design Suite QuickTake Video: Using Vivado Design Suite with Revision
Control for an introduction to working with source control systems.

Tcl Command for Working with Source Control Systems
Following is the associated Tcl command:

e Tcl Command: write_project_tcl

« Tcl Command Example: write_project_tcl -all_properties
C:/Data/project_wave.tcl
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Using the Project Summary

The Vivado IDE includes an interactive Project Summary (Figure 2-15) that updates
dynamically as design commands are run and as the design progresses through the design
flow. It provides project and design information, such as the project part, project status, and
state of synthesis and implementation. It also provides links to detailed information, such as
links to the Messages, Log, and Reports windows as well as the Project Settings dialog box.
You can use the scroll bar or the Collapse and Expand buttons to view or hide the different
data categories.

The Project Summary contains the following sections:

Project Settings: Shows the project name, product family, project part, and top
module name.

Board: Shows the product name, the board name that includes the part family, board,
and version number, the board file that contains detailed information about the board,
a link to the product page on the Xilinx website, and overview information about the
board.

Synthesis and Implementation: Summarizes the state of synthesis and
implementation in the active run. These sections show the target part, the strategy
applied in the run, the tool flow used, and the constraint set used. Click the Part,
Strategy, or Flow links to open the Project Settings dialog box for either synthesis or
implementation. Click the Constraints link to open the Constraint Set Properties in the
Source File Properties window.

Note: For more information, see Configuring Project Settings and Working with Constraints in
Chapter 3.

DRC Violations: After implementation, summarizes information on design rule checks
(DRCs).

Timing: After implementation, summarizes timing results.

Utilization: After synthesis or implementation, summarizes utilization results for the
project in both table and graph form.

Power: After implementation, summarizes power analysis results.

To open the Project Summary, do either of the following:

System-Level Design Entry

Select Windows > Project Summary.

Select the Project Summary toolbar button E
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Configuring Project Settings

You can configure project settings to meet specific needs for each project. Project settings
include general settings related to the top module definition as well as settings for the
following: simulation, synthesis, implementation, bitstream, and IP.

To open the Project Settings dialog box, use any of the following methods:

« Select Tools > Project Settings.
e
« Click the Project Settings toolbar button ™.

« In the Flow Navigator, click Project Settings in the Project Manager section, or click
one of the following: Simulation Settings, Synthesis Settings, Implementation
Settings, or Bitstream Settings.

« In the Project Summary, click the Edit link next to the Project Settings header, or click
the strategy or flow in either the Synthesis or Implementation section.

Depending on how you invoke the Project Settings dialog box, the appropriate category
appears by default. For example, if you click Simulation Settings in the Flow Navigator, the
Simulation category appears in the Project Settings dialog box. The following sections
provide detailed information for each category.

General Settings

The General Settings (Figure 2-16) enable you to specify the project name, part, target
language, target simulator, top module name, and language options.

« Name: Specifies the project name.

« Project Device: Specifies the target device to be used as a default for both synthesis
and implementation. Click the browse button to open the Select Device dialog box to
choose a device.

Note: If you have multiple synthesis or implementation runs, you can also change the device
used for a specific run by changing the run settings from the Run Properties window. For more
information, see the Vivado Design Suite User Guide: Using the Vivado IDE (UG893) [Ref 6].

« Target Language: Specifies the target output language for the design as either Verilog
or VHDL. The tool generates RTL output from the design in the specified target
language. Specific examples of output controlled by the target language are synthesis,
simulation, top-level wrappers, test benches, and IP instantiation templates.
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Default Library: Specifies the default library for the project. All files without an explicit
library specification are compiled in this library. You can select a library name, or
specify a new library name by typing in the Library text field.

Top Module Name: Specifies the top RTL module name of the design. You can also
enter a lower-level module name to experiment with synthesis on a specific module.
Click the browse button to automatically search for the top module and display a list of
possible top modules.

Language Options

f IMPORTANT: The settings here apply to synthesis. You can also define Verilog options and
Generics/Parameters options from the Project Settings - Simulation dialog box. The simulation settings
apply to the simulation fileset and affect simulation but not synthesis.

System-Level Design Entry

Verilog Options: Click the browse button to set the following options in the Verilog
Options dialog box:

- Verilog Include Files Search Paths: Specifies the paths to search for files
referenced by ‘include statements in the source Verilog files.

- Defines: Specifies Verilog macro definitions for the project.
- Uppercase all identifiers: Sets all Verilog identifiers to uppercase.

Generics/Parameters: VHDL supports generics while Verilog supports defining
parameters for constant values. Both of these techniques allow parameterized
designs that can be reused in different situations. Click the browse button to define
generic and parameter values to override defaults defined in the source files.

Top Library: Specifies the top-level module library name.
Loop Count: Specifies the maximum loop iteration value. The default is 1000.

Note: The Loop Count option is used during RTL elaboration but does not apply to
synthesis. For synthesis, you must specify the -1loop_iteration_limit switch in the
More Options field of the Synthesis Settings dialog box.
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Simulation Settings

The Simulation Settings (Figure 2-17) enable you to specify the simulation set, the
simulation top module name, and a tabbed listing of compilation and simulation options.
You can select an option to see a description at the bottom of the dialog box. For more
information on the Simulation Settings, see the Using Simulation Settings section in Vivado
Design Suite User Guide: Logic Simulation (UG900) [Ref 10].

¢ Project Settings @
} Simulation
@ Target simulator: Vivado Simulator -
General
If"“l Simulator language: Mixed -
WLl
. . Simulation set: = sim_1 -
Simulation
3}-\ Simulation top module name: | system_tb l:l
el ]
- -
Elaboration /| Clean up simulation files
. Compilation | Elaboration | Simulation | Netlist | Advanced
Synthesis = = = = =
|> Verilog options: l:l
Implementation GenericsParameters options: l_l
Q}' ]J xsim.compile. xvhd|.nosort ]
— xsim. compile, xvlog.nosort ]
Bitstream . ;
= xsim. compile. xvlog.relax ]
ENS xsim, compile, xvhdl.relax v
P xsim. compile. xvlog.more_options
- xsim., compile, xvhd|.more_options
jon above jon of it
? [ oK i | Cancel Apply

Figure 2-17: Simulation Settings
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Elaboration Settings

When opening an elaborated design, as discussed in Chapter 4, Elaborating the RTL Design,
there are two settings that can be enabled or disabled to change the elaboration of the RTL
design, as shown in the following figure.

The Elaboration page allows you to set options for the elaborated netlist view. This view is
available from the Flow Navigator in RTL Analysis > Open Elaborated Design.
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Figure 2-18: Elaboration Settings

« Link IP Module Options: The Blackbox Model (stub file): Treats all IP which were
synthesized out-of-context as a black box. The Netlist model: Uses the synthesized
netlist for IP that were synthesized out-of-context.

« Timing Constraints Options: Load constraints: Applies all active constraints to the
elaborated design (timing and physical).

The following Tcl commands can be defined on the source fileset to enable the RTL
elaboration settings:

set_property elab_link dcps true [current_fileset]
set_property elab_load_timing constraints true [current_fileset]

Note: Use false to disable these settings.
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Synthesis Settings

The Synthesis Settings (Figure 2-19) enable you to specify the constraints set, the synthesis
strategy, and the synthesis options. The options are defined by the selected synthesis
strategy, but you can override these with your own settings. You can select an option to see
a description at the bottom of the dialog box. For more information on the Synthesis
Settings, see the Using Simulation Settings section in the Vivado Design Suite User Guide:
Synthesis (UG901) [Ref 15].

Note: You can pre-synthesize IP in your project, which decreases the synthesis runtime. For
information on using this bottom-up synthesis flow, see the Vivado Design Suite User Guide:
Designing with IP (UG896) [Ref 11].

TIP: You can add Tcl scripts to be sourced before and after synthesis using the tcl.pre and
tcl.post files. For more information, see the Vivado Design Suite User Guide: Using Tcl Scripting
(UG894) [Ref 3].

¢ Project Settings =3
Synthesis
@ Constraints
General : F .
= Default constraint set: | i constrs_1 (active) -
";un“Q
Options
Simulation )
é}} Strategy: A Vivado Synthesis Defaults (Vivado Synthesis 2016) - | B
Y
o
\:J/] Description:  Vivado Synthesis Defaults
Elaboration =
= =l Synth Design (vivado) &
@ td.pre ™)
tdl.post =
Synthesis 2 ;
-flatten_hierarchy rebuilt -
|> -gated_dock_conversion off - |E
] 12
Implementation ufg
.{.} -fanout_limit 10,000
1010 -directive Default -
1001 .
Bitstream g ]
B -fsm_extraction auto -
== “eep_equivalent_registers =
P -resource_sharing auto -
- -control_set_opt_threshold auto -
-no_lc F -
Select an option above to see a description of it
? | OK | | Cancel Apply

Figure 2-19: Synthesis Settings
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Implementation Settings

The Implementation Settings (Figure 2-20) enable you to specify the constraints set, the
implementation strategy, and the implementation options. The options are defined by the
selected implementation strategy, but you can override these with your own settings. For
example, you can use the options to run optional steps such as power optimization and
physical synthesis. You can select an option to see a description at the bottom of the dialog
box. For more information on the Implementation Settings, see the Customizing
Implementation Strategies in the Vivado Design Suite User Guide: Implementation (UG904)

[Ref 16].

Suite User Guide: Using Tcl Scripting (UG894) [Ref 3].

TIP: You can add Tcl scripts to be sourced before and after any stage of implementation using the
tcl.preand tcl.post files available at each stage. For more information, see the Vivado Design

System-Level Design Entry
UG895 (v2016.4) November 30, 2016

¢ Project Settings =
Implementation
@ Constraints
gﬁtneral Default constraint set: | i constrs_1 (active) -
";un“Q
Options
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Y
6_ e ] _
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[=] Opt Design (opt_design) s
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Figure 2-20: Implementation Settings
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Bitstream Settings

The Bitstream Settings (Figure 2-21) enable you to define options prior to generating the
bitstream. You can select an option to see a description at the bottom of the dialog box. For
more information on the Bitstream Settings, see the Changing the Bitstream File Format
Settings section in the Vivado Design Suite User Guide: Programming and Debugging
(UG908) [Ref 17].

-
¢ Project Settings |__§”i
Bitstream
@ .E‘. Mote: Additional bitstream settings will be available once you open an implemented design.
General =
g = Write Bitstream (write_bitstream)
Qrdn]JQ tol.pre )]
tdl.post
Simulation = ©
= +aw_bitfile [}
&éﬁ -mask_file (&)
pid binary_bitfile [
Elaboration Bkl b :J
-bin_file =
@ +eadback_file &)
Synthesis Hogic_location_file (&)
-verbose [}
More Options
Implementation
3
]
000
Bitstream
P
elect a above to see a desaip
o e[

Figure 2-21: Bitstream Settings
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IP Settings
The IP Settings (Figure 2-22) include the following tabs:

« Repository Manager: Specifies directories to add to the IP repositories list. IP can
either be packaged by you or acquired from a third-party supplier. After you click Add
Repository, you can see the IP within each repository.

« Packager: Sets default values for packaging new IP, including vendor, library, and
taxonomy. This tab also allows you to set the default behavior when opening the IP
Packager and allows you to specify file extensions to be filtered automatically.

Note: If necessary, you can change the default values for packaging IP during the IP packaging
process.

For more information on the IP Settings, see the Using IP Project Settings section in the Vivado
Design Suite User Guide: Designing with IP (UG896) [Ref 11].

The IP Settings and the Vivado IP catalog are only available when working with an RTL
project or when using Manage IP from the Getting Started page. When using Manage IP, a
subset of the IP settings is available unless a project is created.

¢ Project Settings =
j P
@ General | Repository Manager | Packager
General
- Core Containers
"'un]]!
|| Use Core Containers for IP

Simulation

&l\ Simulation
LGP
e /| Use Precompiled IP simulation libraries

Elaboration
; [¥] Automatically generate simulation scripts for IP

Upgrade IP

Synthesis

|> [¥] Generate log file

Default IP Location

5

Implementation
% (i) Location that IP added to the project will have output products and customization
stored.
100
Bitstream IP location: | G0 <Local to Project= -
£|: IP Cache
I () Out of Context per IP Synthesis needs to be used to take advantage of IP Caching.
Cache scope: Remote -
Cache location: C:fip_cache l:l
Clear Cache
? | OK | | Cancel Ar

Figure 2-22: IP Settings
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Tcl Command for Configuring Project Settings

Following is the associated Tcl command for configuring different properties for the
project. The example shows how to configure the target language property for the project:

e Tcl Command: set_property

« Tcl Command Example: set_property target_language Verilog
[current_project]

O RECOMMENDED: You can set multiple properties, including properties for the project or for synthesis or
implementation runs. The best way to learn the property name and target is by performing the
operation in the Vivado IDE and looking at the corresponding Tcl commands in the Tcl Console.

Creating a Project Using a Tcl Script

As an alternative to creating a project in the Vivado IDE, you can create a project using a Tcl
script. Most actions run in the Vivado IDE result in a Tcl command being executed. The Tcl
commands appear in the Vivado IDE Tcl Console and are also captured in the vivado. jou
and vivado.log files. The vivado. jou file contains just the commands, and the
vivado.log file contains both commands and any returned messages. You can use these
files to develop scripts for use with Project Mode. Refer to Output Files in Appendix A of the
Vivado Design Suite User Guide: Using the Vivado IDE (UG893) [Ref 6] for information on
where the vivado. jou and log files are written.

For more information on Tcl commands, see the Vivado Design Suite Tcl Command Reference
Guide (UG835) [Ref 4].

Following is a sample script that creates a project, adds various sources, configures settings,
launches synthesis and implementation runs, and creates a bitstream.

# Typical usage: vivado -mode tcl -source run_bft_project.tcl

# Create the project and directory structure

create_project -force project_bft_batch ./project_bft_batch -part xc7k70tfbgd84-2
#

# Add various sources to the project

add_files {./Sources/hdl/FifoBuffer.v ./Sources/hdl/async_fifo.v \
./Sources/hdl/bft.vhdl}

add_files -fileset sim_1 ./Sources/hdl/bft_tb.v

add_files ./Sources/hdl/bftLib/

add_files -fileset constrs_1 ./Sources/bft_full.xdc

#

# Now import/copy the files into the project

import_files -force

#

# Set VHDL library property on some files

set_property library bftLib [get_files {*round_*.vhdl core_transform.vhdl \
bft_package.vhdl}]

#
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# Update to set top and file compile order

update_compile_order -fileset sources_1

update_compile_order -fileset sim_1

#

# Launch Synthesis

launch_runs synth_ 1

wait_on_run synth_1

open_run synth_1 -name netlist_1

#

# Generate a timing and power reports and write to disk

# Can create custom reports as required

report_timing summary -delay_type max -report_unconstrained -check_timing verbose \
-max_paths 10 -input_pins -file syn_timing.rpt

report_power -file syn_power.rpt

#

# Launch Implementation

launch_runs impl_1 -to_step write_bitstream

wait_on_run impl_1

#

# Generate a timing and power reports and write to disk

# comment out the open_run for batch mode

open_run impl_1

report_timing summary -delay type min _max -report_unconstrained \
-check_timing_verbose -max_paths 10 -input_pins -file imp_timing.rpt
report_power -file imp_power.rpt

#

# Can open the graphical environment if visualization desired

# comment out the for batch mode

#start_gui

TIP: You can break up a line in your Tcl script using the backslash (\) character at the end of a line to
O indicate the line continuation. The line that follows the backslash is processed as part of the preceding
line.
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Chapter 3

Working with Source Files

Overview

Source files include design sources, intellectual property (IP) sources added from the Xilinx
IP catalog, digital signal processing (DSP) sources added from the System Generator tool,
and IP subsystems, also known as block designs, created by the IP integrator feature of the
Vivado Design Suite. Source files also include simulation source files and constraints files
that specify timing requirements for the design and physical constraints defining the Xilinx
device resources used by the design. When working in Project Mode, you can create and
add source files using the Vivado® IDE, or using Tcl commands or scripts, and the Vivado
IDE automatically manages your source files within the project. You can create and manage
source files that are local to the current project, or remotely referenced from a library or
separate directory. You can add Verilog, VHDL, and SystemVerilog source files to a project
at any point in the design flow.

Note: For information on source file management when working with Zynq®-7000 AP devices and
MicroBlaze™, see Vivado Design Suite User Guide: Embedded Hardware Design (UG898)[Ref 18].

When working in Non-Project Mode, you can create these source files using Tcl commands
or scripts, but you must manually manage your source files. The majority of this chapter
covers creating and managing sources in Project Mode. Working with Sources in
Non-Project Mode covers creating and managing sources in Non-Project Mode. For more
information on Project and Non-Project design flow modes, see this link in the Vivado
Design Suite User Guide: Design Flows Overview (UG892) [Ref 1].

When source files are added to the Vivado Design Suite, whether in Project Mode or
Non-Project Mode, the tool maintains both a relative path and an absolute path to the file.
When a design is opened, by default the Vivado Design Suite applies the relative path first
to locate files and directories, then applies the absolute path if the file is not found. This
feature is controlled through the PATH_MODE property, which defaults to RelativeFirst. You
can change this behavior for specific design sources by setting the PATH_MODE property
for those files. Refer to the PATH_MODE property in Vivado Design Suite Properties
Reference Guide (UG912) [Ref 14] for more information.

Note: For information on Tcl commands associated with adding sources, see Tcl Commands for
Adding Design Sources, Constraints Files, and Simulation Sources in Chapter 2.
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Creating and Adding Design Sources

In the Vivado IDE, you can create and manage design source files, including HDL or netlist

files. With a project open in the Vivado IDE, the Sources window displays the Design
Sources, Constraints, and Simulation Sources that are the collection of files, or filesets,

making up the current project.

¢ Add Sources

VIVADO!

HLx Editions

£ XILINX

?

Add Sources

This guides you through the process of adding and creating sources for your project

Add or create constraints

'@ Add or create design sources
Add or create simulation sources
Add or create DSP sources
Add existing block design sources

Add existing IP

To continue, dick Next

Cancel

Figure 3-1: Sources Window

The Sources window provides different ways of viewing the source files associated with a
project, including the following views:

« Hierarchy - displays the hierarchy of the design modules and instances, along with the

source files that contain them. The Vivado IDE automatically detects the top of the

design hierarchy, though you can manually change it as needed.

« IP Sources - displays all of the files defined by an IP core, a block design added from
the Vivado IP integrator, or a DSP module added from System Generator.

« Library - displays design sources sorted into their various libraries.

« Compile Order - displays source files in the order in that they will be compiled, first to

last, and shows the processing order for constraints. The Compile Order view can

display the processing order used for synthesis, implementation, or simulation.
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TIP: For information on the icons used in the Sources window, see Using the Sources Window in the
Vivado Design Suite User Guide: Using the Vivado IDE (UG893) [Ref 6].

Creating New Source Files

1. To create new design sources to add to your project, select File > Add Sources.

Note: Alternatively, you can select Add Sources from the right-click menu in the Sources
window, or click Add Sources in the Flow Navigator.

In the Add Sources wizard select Add or Create Design Sources, and click Next.

In the Add or Create Design Sources page (Figure 3-2), press the '+’ button and select

the Create File command from the sub-menu to create new source files.

¢ Add Sources

lh Index
w1
whi 2
w8 3

= 4

?

Add or Create Design Sources

Specify HDL and netlist files, or directories containing HOL and netlist files, to add to your project. Create a new source file
on disk and add it to your project.

Mame Location Library Location

async_fifo.v C:/Data/Sources/hdl xil_defaultib C:/Data/Sources/hdl
bft.vhdl C:/Data/Sources/hdl xil_defaultib C:/Data/Sources/hdl
bft_tb.v C:/Data/Sources/hdl xil_defaultib C:/Data/Sources/hdl
bftlib C:/Data/Sources/hdl xil_defaultib C:/Data/Sources/hdl

==l

/

Add Files | | Add Directories | |

Create File

Scan and add RTL incude files into project
/| Copy sources into project

/| Add sources from subdirectories

< Back

Mext = | Einish | | Cancel |

Figure 3-2:

4.
click OK:

Add Sources Wizard—Add or Create Design Sources Page

In the Create Source File dialog box (Figure 3-3, page 49), set the following options, and

- File type: Specifies one of the following file formats: Verilog file (.v extension),
Verilog Header file (.vh extension), SystemVerilog file (.sv extension), VHDL file
(.vhdl or .vhd extension).

- File name: Specifies a name for the new HDL source file.

- File location: Specifies a location in which to create the file.

A placeholder for the file is added to the list of sources displayed in the Sources window.
The file is not created until you click Finish in the Add Sources wizard.

0

TIP: You can click Create File multiple times to define several new modules to add to the project.
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¢ Create Source File @
Create a new source file and add it to your project. ‘
File type: 8 Verilog -
File name: shader
File location: | &0 <Local to Project= -

Figure 3-3: Create Source File Dialog Box

5. In the Add or Create Design Sources page (Figure 3-4), specify the appropriate Library
for the source file.

¢ Add Sources @

Add or Create Design Sources
Specify HOL and netlist files, or directories containing HOL and netlist files, to add to your project. Create a new source file on disk and add it
to your project,

lh Index Mame Location Library Location

B 5 |1 bt |co/bata/Sourcesihd h deouito B Data/Sources |

xil_defaultib

Add Files ] [ Add Directories ] [ Create File
[ Scan and add RTL include files into project
Copy sources into project
Add sources from subdirectories

Figure 3-4: Add Sources Wizard—Add or Create Design Sources Page

By default, all HDL sources are added to the xil_defaultlib library. In the Library
column, you can reference an existing library name, or manually type a new library name
to specify additional user VHDL libraries as needed.

6. Click Finish to create the new source files, and add them to the project.

With a new source file created, the Vivado IDE opens the Define Modules dialog box to
help you define the ports for the module or entity declaration.
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7. In the Define Modules dialog box (Figure 3-5), you can define the module or entity for
the Verilog, Verilog Header, SystemVerilog, or VHDL code using the following options:

¢ Define Module =
Define a module and specify Ij0 Ports to add to your source file,
For each port spedified:
MSE and LSB values will be ignored unless its Bus column is checked. ‘
Ports with blank names will not be written.
Module Definition
Module name: | fifo
10 Port Definitions
+ Port Mame Direction Bus MSB LSB
rd_clk input -
wr_dk input -
data_in input - (¥ 7
data_out output - [& 7
rd_en input -
Wr_en input -
full output -
empty output -
input -
B =
Figure 3-5: Define Modules Dialog Box

- New Source Files: This field appears if you created multiple files, letting you select

the name of the module you want to define.

- Entity name/Module name: Specifies the name for the entity construct in the

VHDL code or the module name in the Verilog or SystemVerilog code.

Note: The name defaults to the file name but can be changed.

- Architecture name: Specifies the Architecture for VHDL source files. By default, the
name is Behavioral.

Note: This option does not appear when defining Verilog or SystemVerilog modules.

- 1/0 Port Definitions: Define the ports to be added to the module definition:

Port Name: Defines the name of the port to appear in the RTL code.

Direction: Specifies whether the port is an Input, Output, or Bidirectional port.

Bus: Specifies whether the port is a bus port. Define the width of the bus using
the MSB and LSB options.

MSB: Defines the number of the most significant bit (MSB). This combines with
the LSB field to determine the width of the bus being defined.

LSB: Defines the number of the least significant bit (LSB).

Note: MSB and LSB are ignored if the port is not a bus port.

The Sources window lists the newly defined modules. To edit the new source files in the

Vivado IDE Text Editor, double-click the file or select Open File from the right-click
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menu. See Using the Text Editor in the Vivado Design Suite User Guide: Using the Vivado IDE
(UG893) [Ref 6] for information on editing the file.

Adding Design Sources

1. Select File > Add Sources.

Note: Alternatively, you can click Add Sources in the Flow Navigator, or select Add Sources
from the right-click menu in the Sources window.

2. In the Add Sources wizard, select Add or Create Design Sources, and click Next.

3. In the Add or Create Design Sources page (Figure 3-2), set the following options, and
click Finish.

o

System-Level Design Entry

Add Files: Opens a file browser so you can select files to add to the project. You can
add the following file types to an RTL project: HDL, EDIF, NGC, BMM, ELF, DCP, and
other file types.

Note: In the Add Source Files dialog box, each file or directory is represented by an icon
indicating it as a file or folder. A small red square indicates it is read only.

Add Directories: Opens a directory browser to add source files from the selected
directories. Files in the specified directory with valid source file extensions are
added to the project.

Create File: Opens the Create Source File dialog box in which you can create new
VHDL, Verilog, Verilog header, or SystemVerilog files.

Library: Specify the RTL library for a single file, or the files in a directory, by
selecting a library from the currently defined library names, or specify a new library
name by typing in the Library text field.

Note: This option applies to VHDL files only. By default, HDL sources are added to the
xil_defaultlib library. You can create or reference additional user VHDL libraries as
needed. For Verilog and SystemVerilog files, leave the library set to xil_defaultlib.

Delete: Removes the selected source files from the list of files to be added.

Move Selected File Up: Moves the file or directory up in the list order. The order of
the files affects the order of elaboration and compilation during downstream
processes such as synthesis and simulation. See Specifying the Top Module and
Reordering Source Files, page 52.

Move Selected File Down: Moves the file or directory down in the list order.

Scan and Add RTL Include Files into Project: Scans the added RTL files and adds
any referenced Verilog ‘include files into the local project directory structure.

Copy Sources into Project: Copies files into the local project directory instead of
referencing the original files.

Note: If you added directories of source files using Add Directories, the directory structure
is maintained when the files are copied locally into the project. For more information, see
Using Remote Sources or Copying Sources into Project.
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- Add Sources from Subdirectories: Adds source files from the subdirectories of
directories specified using the Add Directories option.

Specifying the Top Module and Reordering Source Files

By default, the Vivado Design Suite automatically determines the top-level of the design
hierarchy and the order of elaboration, synthesis, and simulation for source files added to
the project. this can be controlled through the use of the Hierarchy Update settings in the
right-click menu of the Sources Window. Refer to Hierarchy Update in Sources Window
Commands in the Vivado Design Suite User Guide: Using the Vivado IDE (UG893) [Ref 6] for
more information.

The hierarchy of the design is displayed in the Hierarchy view of the Sources window. The
compilation file order is displayed in the Compile Order view of the Sources window.

You can override the automatic determination of the top module by manually specifying the
top of the design hierarchy. To specify the top module, select a module in the Sources
window and select Set as Top from the right-click menu in the Hierarchy view of the
Sources window.

Note: If the specified top module cannot be found in the design source files and the hierarchy
update mode is set to automatic, the selected top is automatically reset to the best candidate.

When you change the top module, the Vivado IDE automatically reorders files in the
Hierarchy and the Compile Order tabs of the Sources window according to the requirements
of the new top module. Select Refresh Hierarchy from the right-click menu in the Sources
window to reorder files based on changes to the source files.

You can override the automatic determination of the compile order using Hierarchy
Update from the right-click menu command in the Sources window. You can specify the
manual compile order mode by selecting Hierarchy Update > Automatic Update, Manual
Compile Order or Hierarchy Update > No Update, Manual Compile Order in the
right-click menu of the Sources window. In manual mode, you can manually order files
according to your own requirements. To manually order source files, select a file and drag
it up or down in the file list order in the Compile Order view of Sources window.
Alternatively, after selecting the file, use Move Up, Move Down, Move to Top, or Move to
Bottom from the Sources window right-click menu.

To see a full list of the compile or evaluation order for all sources, use the
report_compile_order command in the Tcl Console. This command lists the order that
files are compiled or evaluated for synthesis, implementation, and simulation. RTL compile
order is listed for synthesis and simulation. Constraints evaluation order is listed for
synthesis and implementation.
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Enabling or Disabling Source Files

When you add or create source files, the source files are enabled in the Sources window by
default. You can disable source files to prevent them from being elaborated, synthesized, or
used in simulation. Enabling and disabling source files at different stages in the design lets
you manage different design configurations in a single project.

« To disable source files, select the files in the Sources window, and select the Disable
File right-click menu command.

« To enable disabled files, select the files in the Sources window, and select the Enable
File right-click menu command.

Using Remote Sources or Copying Sources into Project

To provide project management flexibility, you can reference source files from a remote

location or copy the source files into the local project directory. When you reference remote
files, the Vivado IDE automatically detects changes to the referenced file, then prompts you
to Refresh your open designs or to Synthesize with the latest updates made to the file.

If you move or archive the project, you can copy remote files into the project so that the
files are contained within the project. To copy sources into the project, do one of the
following:

«  When you add sources to the project using the Add Sources command, you can copy
the sources to the local project directory by selecting the Copy Sources into Project
option.

« If you initially add the sources as remote sources, but later want to copy them into the
project directory, use Copy File into Project or Copy All Files into Project in the
right-click menu in the Sources window to copy some or all individual remote source
files into the project directory.

Updating Local Source Files

When referencing remote sources, the Vivado IDE automatically detects source file
changes. However, with source files that are copied to the local project, any changes to the
original source file are not recognized. You must manually update local source files, if
necessary.

You can update source files that are copied into the local project directory using either of
the following methods:

« In the Sources window, select the file, and select Replace File from the right-click
menu.

A file browser opens with the original source file referenced. If the original location
changed, you are required to browse to the location and select the file. Click OK to
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reload the original source file, and update the project file with any changes to the
source file.

Note: You can also specify a different file, and the Vivado IDE replaces the selected file with the
new file. For instance, if the original file is File_1.v, and you select File_2.v, the original
File_1.v is removed from the project and File_2.v is copied into the project.

In the Sources window, select Add Sources from the right-click menu to add the newly
updated source files to the project.

The Vivado IDE imports the added file into the project. However, because there is
already a local source with the same name, the Import Source Conflicts dialog box
(Figure 3-6) prompts you to resolve the conflict by overwriting the existing file or by not
loading the newly added file. This happens only if the Copy Sources into Project box is
checked in the Add Sources wizard; otherwise, the externally referenced file of the same
name is added to the project.

¢ Import Source Conflicts @
Description

One or more source files or folders that you are attempting to copy to your
project directory will conflict with existing sources in your project. Would you
like to overwrite these existing files?

What do you want to do?
'@ Overwrite existing files

Don't overwrite existing files

oK Cancel

Figure 3-6: Import Source Conflicts Dialog Box

Working with IP Sources

Note: For more information on IP, including adding, packaging, simulating, and upgrading IP, see
the Vivado Design Suite User Guide: Designing with IP (UG896) [Ref 11].

In the Vivado IDE, you can add and manage the following types of IP cores in an RTL project:

System-Level Design Entry

Vivado Design Suite Xilinx Core Instance files (XCI)

XCI format IP cores are native to the Vivado Design Suite and can be added to the
design or project by customizing the IP core from the Xilinx IP catalog, or by using the
File > Add Sources command to directly add the files. The XCI file stores the
configuration and constraint options for an IP core that you specify, or customize, when
you add the IP to a design.
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i} IMPORTANT: When using IP in either Project Mode or Non-Project Mode, always add the XCl file to the
design,; not a synthesized DCP file. The use of the XCl file ensures that the output products of the IP core
that are needed by the tool are generated and used consistently throughout the design flow.

« Vivado Design Suite Core Container files (XCIX)

The Core Container feature simplifies working with revision control systems by
providing a single file representation of an IP. The IP configuration and all generated
output files are contained in one compressed binary file with an extension of XCIX. This
extension is similar to the XCI file used for the IP customization file and works in a
similar way. When adding or reading an IP, you can specify the XCIX file. For more
information, see this link in the Vivado Design Suite User Guide: Designing with IP
(UG896) [Ref 11].

» User IP packaged with Vivado IP packager (XCI)

The Vivado Design Suite User Guide: Creating and Packaging Custom IP (UG1118)

[Ref 12], describes how to package user-defined IP for use in the Xilinx IP catalog. User
IP repositories can be added to the catalog using the IP_REPO_PATHS property, which
defines the path for one or more directories containing third-party or user-defined IP.
Refer to the IP_REPO_PATHS property in Vivado Design Suite Properties Reference Guide
(UG912) [Ref 14] for more information.

« CORE Generator™ IP cores (XCO)

Legacy IP from the CORE Generator tool are supported by the Vivado Design Suite.
These legacy IP are locked when imported into a design, and require a corresponding
NGC (netlist) file to support implementation of the IP into a design. Otherwise, if an XCI
upgrade for the IP is available, you can right-click the IP core, and select Upgrade IP
from the right-click menu.

« Third-party IP Netlists

In some cases, third-party providers offer IP as synthesized NGC or EDIF netlists. You can
load these files into a project or design as hierarchical design sources using the Add
Sources command. For information, see Creating and Adding Design Sources.

Adding IP from the IP Catalog

TIP: By default, the IP Catalog only displays IP cores that are compatible with, or supported by the
O target part (or board) for the current project. You can change the default setting to show all IP in the
catalog by deselecting the Hide toolbar button & in the Vivado IP catalog.

You can add IP cores from the Xilinx IP Catalog, into your design hierarchy, by selecting IP
from the catalog, and customizing the IP for your design. Customization involves modifying
parameters or features of the IP core, and adding the IP source files into your design
project. The IP Catalog also lists the interfaces that are available for use in IP Integrator.
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1.

To begin, select the IP Catalog in the Flow Navigator of the Vivado IDE. This opens the
catalog as shown below.

% Project Summary X | 1F IP Catalog X Owe =

Cores | Interfaces Search:

a1

"[l MName AXI4 Status License WLNY
Z E|--|.-_—. Vivado Repository |~
= [t~ Alliance Partners
=]

V = Automotive & Industrial
& = AXI Infrastructure =
E% = BaselP
== Basic Elements
i-—:‘.: = Accumulators
ﬂ Production Induded  xilinx.com:ip:xconcat: 2. 1
@ {F Constant Production Induded  xilinx. com:ip:xconstant: 1. 1
=-[& Counters
Qﬂ _ Induded  [xilinx.com:ip:c_counter_binary:12.0
% Production Induded  xilinx. com:ip:xbip_dsp48_macro:3.0
= = Memory Elements -
E t|- [~ Registers, Shifters & Pipelining =
Details

Mame: Binary Counter =
Version: 12.0 (Rev. 7)

Description:  The Xilinx LogiCCORE Binary Counter creates up counters, down counters, and up/down counters with output widths ranging up to 256 bits, The uppe

spedified via an external input port.

Status: Production 3
License: Induded

Change Log: View Change Log

Vendor: ¥ilire, Inc., L
VLMY xilinx, com:ipic_counter_binary: 12,0 a
4 (1] (=]

Figure 3-7: Xilinx IP Catalog

For information on filtering the IP cores displayed in the IP Catalog, and other details of
working with the catalog, see this link in Vivado Design Suite User Guide: Designing with
IP (UG896) [Ref 11].

Select an IP from the IP Catalog and customize the IP for use in your design using one
of the following methods:

o From the IP Catalog, select the IP and select the Customize IP command from the
right-click menu.

- Double-click the selected IP to open the Customize IP dialog box for the selected
IP core.

The Customize IP dialog box shows the various parameters and options available to
customize the IP. The contents of the Customize IP dialog box varies, depending on the
specific IP you select, and can include one or more tabs in which to enter values.
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When you select OK to close the Customize IP dialog box, and confirm the settings you
have specified, the IP source files, including the HDL definition of the IP module, are
added to your design project and displayed in the IP Sources tab of the Sources window.

With the IP added to your design, you must generate any files required to support the
IP in your design, such as the instantiation template, XDC constraints, and simulation
sources. These files are referred to collectively as output products. See Generating
Output Products for IP Cores, page 58 for more information.

Adding Existing IP Files

As an alternative to adding and customizing IP from the Xilinx IP Catalog, you can directly
add XCI or XCIX files into your project or design. This process is different from customizing
IP from the catalog in the following ways:

The XCI or XCIX file may be an earlier version, or fully customized version of the same
or similar IP found in the Xilinx IP Catalog.

The XCI or XCIX file may include the necessary files, or output products, to support the
IP in the design flow. This can include the instantiation template, simulation files, and
netlists or design checkpoints (DCPs) needed to support the IP through
implementation. The Vivado Design Suite adds these files when the XCI or XCIX file is
added to the design.

If the IP is an earlier version of an IP found in the catalog, you can upgrade it to the
latest version from the IP catalog.

If the IP is an earlier version and includes the needed output products to support the IP
in the design, it can be used in its current form, and the IP will be locked to prevent
further customization.

To add existing XCI or XCIX files directly into your design or project, select File > Add
Sources.

Note: Alternatively, select Add Sources from the right-click menu, or from the Flow Navigator.
In the Add Sources wizard, select Add Existing IP and click Next.
In the Add Existing IP page (Figure 3-8), set the following options, and click Finish.

- Add Files: Opens a file browser in which you can select XCI or XCIX files, which are
native to the Vivado Design Suite, or XCO files.

- Add Directories: Add the specified directory, and all XCI, XCIX, or XCO files found
in the specified directory or subdirectory.

- Remove: Removes the selected source files from the list of files to be added.

- Copy sources into project: Copies the original IP core files into the project and
uses the local copied version of the file in the project.
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¢ Add Sources @
Add Existing IP
Specify an existing configurable IP file to add to your project. '

lh Index Mame Location Library Location
Add Files. .. B/IP fchar_fifo/char_fifo.xd N/A C:/Data/IP/char_fifo/char_fifo.xd
= B/IPfck_corefdk_core.xd  NfA C:/Data/TP/dk_core/dk_core.xd
Add Directories...

Add Files | | Add Directories
/| Copy sources into project
r < Back Next > | Finish | | Cancel

Figure 3-8: Add Sources Wizard—Add Existing IP Page

The added IP cores display separately in the IP Sources tab of the Sources window, as well
as with other source files in the Hierarchy, Libraries, and Compile Order views. You can
select these core files in the Sources window to see the files that make up the core, and to
view the properties in the Source File Properties window.

If the XCI or XCIX file included any needed support files, referred to collectively as output
products, those files are added when the design source is added to the design. If the XCI or
XCIX file does not include these associated files, you must generate the output products
required to support the IP in your design, such as the instantiation template, XDC
constraints, and simulation sources. See Generating Output Products for IP Cores for more
information.

Generating Output Products for IP Cores

The IP core includes, or requires, specific files to support the IP in the overall design flow.
These include files such as a Verilog or VHDL instantiation template to facilitate integrating
the IP module into your design, design constraints files (XDC) that are included to provide
timing or physical constraints for the IP core, and synthesized netlists or design checkpoints
to support the IP in the design hierarchy. Collectively these files are referred to as output
products. Some of these files are included with the packaged IP in the Xilinx IP Catalog, and
some are generated for the customized IP in the current design.
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When an IP is customized from the IP Catalog, the Generate Output Products dialog box is
opened as shown in Figure 3-9. However, you can also open this dialog box at any time by
right-clicking the IP in the Sources window and selecting the Generate Output Products

command.

By default, synthesized design checkpoint (DCP) files are generated automatically for IP

¢ Generate Output Products

The following output products will be generated.

Preview
Q, | =L char_fifo.xd (00C per IP]
[l Instantiation Template
: Synthesized Checkpoint (.dcp)
il Behavioral Simulation
_‘l Change Log

Synthesis Options
Global
@ Qut of context per IP
Run Settings

Mumber of jobs: | 3

=
y)

IZl Apply | Generate ||

Skip |

Figure 3-9: Generate IP Output Products

that supports the out-of-context flow. However, you can disable DCP file generation when
creating output products by clicking the Out-of-Context Settings button on the Generate
Output Products dialog box, and deselecting the IP as shown below. For more information,

on the using the Out-of-Context flow see this link in the Vivado Design Suite User Guide:

Designing with IP (UG896) [Ref 11].

With the output products required by the IP core added to your design project, you must
now instantiate the IP into your design hierarchy. This involves integrating the IP module or
entity into the design as described in Instantiating IP Into the Design.
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Instantiating IP Into the Design

An instantiation template is created when you customize and IP and add it to your design
or project, regardless of whether you generated output products. The instantiation
template provides a Verilog or VHDL instance declaration (. veo or . vho) that you can copy
and paste into your RTL design hierarchy.

[{ Package x |G Deviee x {5 char_ fifo.veo X O =
L] o /Data/Vivado_TutorialTutorial_Created Data/cpu_hdlfcpu_hdl.sresfsources_1fipfchar_fifo/char_f Read-onky
il &

%
52 /¢ The following must be inserted into your Verileg file for this

53 // core to be instantiated. Change the instance name and port connections
54 // (in parentheses) bto your own signal names.

53

56 /f——————— - Begin Cut here £
'| 57 char_fifo your_ instance name |
X 58 .rst{rst), inp
59  .wr_clk(wr_clk), jo] ¥ roC
= |60 .rd _clk({rd_clk), // input wire rd

y Ul =5

=gl .din(din), A/ inp

’;62 .WE_Een{wr_enj, S 1npu
/|63 .rd_en(rd_en), /4 inpu
&
]
l

64  .dout {dout), J4 output wire [

m

|85  .full(full}, T
Y | 66 Lempty (empty) /4 output wire empty

Figure 3-10: Editing the Instantiation Template

1. Open the instantiation template in the Vivado IDE Text Editor, and edit signal names on
the port definitions to connect to the appropriate signal names in your design.

2. Select the instance declaration in the template file, and copy and paste it into the
appropriate source file.

3. You can repeat this process to create multiple instances of the IP core in your design.

For more information see Instantiating an IP in the Vivado Design Suite User Guide:
Designing with IP (UG896) [Ref 11].

After you instantiate the IP in your design, the IP core shows in the Hierarchy tab of the
Sources window as integrated into the design. The IP can now be synthesized or simulated
as part of the overall design, or separately in the out-of-context flow.
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Working with IP Integrator Sources

In the Vivado Design Suite, you can add and manage IP subsystem block designs (.bd) in an
RTL project or design. Using the Vivado IP integrator, you can create an IP subsystem block
design. The IP integrator enables you to create complex system designs by instantiating and
interconnecting multiple IP cores from the Vivado IP catalog. You can create designs
interactively through the IP integrator canvas in the Vivado IDE or programmatically with Tcl
commands. For information on using the IP integrator, see the Vivado Design Suite User
Guide: Designing IP Subsystems Using IP Integrator (UG994) [Ref 13].

ﬁ IMPORTANT: The Vivado IP integrator is the replacement for Xilinx Platform Studio (XPS) for new
embedded processor designs, including designs targeting Zynq®-7000 AP devices and MicroBlaze™
processors. To move existing XPS designs into the Vivado IP integrator see Migrating from XPS to IP
Integrator in the ISE to Vivado Design Suite Migration Guide (UG911) [Ref 8].

Creating a New Block Design

You can create a block design in the context of an open RTL project. To create a new block
design source, and automatically add it to the current project, use the following steps:

1. In the Flow Navigator, expand IP Integrator.
4 [P Integrator

2. Select Create Block Design. FF Create Block Design

. . . . 5% Open Block Desi
This opens the Vivado IP integrator design canvas, Dt

letting you add and connect IP in the block design.
Refer to this link in Vivado Design Suite User Guide:
Designing IP Subsystems Using IP Integrator (UG994) [Ref 13] for details of creating a
new block design.

:}é} Generate Block Design

3. When you save the new block design, it is automatically added to the current project.

You can also create the block design outside of the current project, to create a
repository of block designs that can be reused and added to many different projects. For
more information on creating a block design outside the current project, refer to this
link in Vivado Design Suite User Guide: Designing IP Subsystems Using IP Integrator
(UG994) [Ref 13].

Note: For information on creating embedded processor block designs, using either MicroBlaze
processors or targeting Zynq-7000 AP devices, see the Vivado Design Suite User Guide: Embedded
Processor Hardware Design (UG898) [Ref 18].
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To add a block design source that was created outside of the project, and may reside in a
repository of block designs, you can use the Add Sources command:

1. Select File > Add Sources.

Note: Alternatively, select Add Sources from the right-click menu of the Sources window, or

from the Flow Navigator.

2. In the Add Sources wizard select Add Existing Block Design Sources, and click Next.

¢ Add Sources

Add Existing Block Design Sources
Specify block design sub-design units by selecting BD source files,

lh Index Mame Location

Copy sources into project

@1 base_microblaze_design.bd C:/Data/micro/micro.sres/sources_1/bd/base_microblaze_design N/A

==l

/

Library

r ﬁﬁ | Finish | | Cancel |
Figure 3-11: Add Sources Wizard—Add Existing Block Design Sources

3. In the Add Existing Block Design Sources dialog box (Figure 3-11), set the following

options, and click Finish:

- Add Files: Click on the '+’ sign and select the Add Files command to open a file

browser in which you can select IP integrator block designs (BD) files to add to the

design.

- Remove: Removes the selected source files from the list of files to be added.

- Move Selected File Up: Moves the file up in the list order.

- Move Selected File Down: Moves the file down in the list order.

- Copy sources into project: Copies the original block design files into the project

and uses the local copied version of the files in the project.

When an existing block design is added to the current project, the project may target a
different Xilinx part than the part originally targeted by the block design. This will result
in all of the IP used in the block design being locked, and needing to be updated as seen

in Figure 3-12.
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—|-{= Synthesis

4@ mb1_microblaze_0_0
~4g@mbl_dimb_v10_0
~4@mb1_ilmb_v10_0
~4@mb1_dmb_bram_if_cntr_0
—4@mb1_ilmb_bram_if_cntr_0
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~4@mb1_mdm_1_0
~3@mb1l_dk_wiz_1_0
~4@mb1_rst_dk_wiz_1_100M_0
+-{=) Implementation
-1 Simulation

M
b

Hierarchy | IP Sources | Libraries | Compile Order
&4 Sources | ) Templates

Figure 3-12: Locked IP in Block Designs

f IMPORTANT: Locked IP are reported with the following critical warning message when you try to
generate the output products for the block design:
[BD 41-1336] One or more IPs are locked in this block design. Please run report ip status

for more details and recommendations on how to fix this issue.

4. To unlock the IP and the block design, right-click the block design in the IP Sources tab
of the Sources window and select the Report IP Status command.

The IP Status report will show the IP part changes needed to unlock the block design.

5. In the IP Status report window, select the Upgrade Selected command to upgrade the
IP used in the block design to target the new part used in the current project.

With the block design added to the current project, you must generate the output
products required by the Vivado Design Suite to support the block design throughout
the design flow.

Generating Output Products for Block Designs

Once the block design is complete and the design is validated, output products must be
generated to support the block design throughout the design flow. These output products
include files such as a Verilog or VHDL instantiation template, or HDL wrapper files, to
facilitate integrating the block design into the current project, design constraints files (XDC)
that are included to provide timing or physical constraints for the block design, and
synthesized netlists or design checkpoints to support the block design.
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The output products for a block design are generated in the target language of the current
project. If the source files for a particular IP used in the block design cannot be generated
in the target language, a message is returned to the Tcl Console, and the output products
will be generated in the available or supported language.

1. To generate output products, right-click on the block design and select the Generate
Output Products command, or select Generate Block Design from the Flow Navigator.

The Generate Output Products dialog box is displayed as shown below.

¢ Generate Output Products @

The following output products will be generated.

Preview
Q, | B fg. base_microblaze_design.bd (Global)
_‘l Synthesis
_‘l Implementation
= <[l Simulation

=
g

Synthesis Options
‘@ Global
Qut of context per IP
Qut of context per Block Design
Run Settings

Mumber of jobs: | 3

IZl Apply | Generate || Cancel |

Figure 3-13: Generate Output Products - Block Design

Generating the output products also generates the top level netlist of the block design. The
netlist is generated in either VHDL or Verilog depending on the target language settings for
the current project.

By default, synthesized design checkpoint (DCP) files are not automatically generated for
block designs to support the out-of-context design flow. However, you can enable DCP file
generation when creating output products by selecting the Out of context per Block Design
radio button on the Generate Output Products dialog box. For more information, on the
using the Out-of-Context flow see this link in the Vivado Design Suite User Guide: Designing
IP Subsystems Using IP Integrator (UG994) [Ref 13].

With the output products required generated you would then instantiate the block design
into your design hierarchy, or define the block design as the top-level of the current design.
This involves integrating the block design module or entity into the design as described in
Instantiating Block Designs into the Current Project.
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Instantiating Block Designs into the Current Project

An IP integrator block design can be instantiated into the hierarchy of an HDL design, or it
can be defined as the top-level of the design hierarchy.

To integrate the block design into an existing design hierarchy, open the HDL wrapper for
the block design. The HDL wrapper, or instantiation template for the block design is created
when you generate the output products. The HDL wrapper provides a Verilog module
declaration, or VHDL entity declaration for the block design, and creates an instance of the
block design module in the wrapper as shown in Figure 3-14, page 65. You can edit the
instance definition in the HDL wrapper and cut and paste it into the design hierarchy as
needed.

whd x O¢ x

£ Project Summary X | &l base_microblaze_design_wrapp
Ly C:/Data/micro/micro.srcs/sources_1/bd /base_microblaze_design/hdl/base_microblaze_design_wrapper.vhd
) i library IEEE; -
use IEEE.STD LOGIC 1164.RLL;
library UNISIM;
use UNISIM.VCOMPONENTS.ZLL;
entity base_microblaze_design wrapper is
port
default_sysclk_300_clk n : in STD LOGIC;
default_sysclk_300_clk p : in STD LOGIC;
led 8bits_tri_o : out STD_LOGIC VECTOR ( 7 downtoc O )7
reset : in STD_LOGIC;
r3232_uart_rxd : in STD LOGIC;
r3232_uart_txd : cut STD LOGIC
)i

~end base microblaze design wrapper;

m

WL R

o

iarchitecture STRUCIURE of base_microblaze design wrapper is
- component base_microblaze design is
port
default_sysclk_300_clk n : in STD LOGIC;
default_sysclk_300_clk p : in STD LOGIC;
r3232_uart_rxd : in STD LOGIC;
r3232_uvart_txd : out STD_LOGIC;

2
2
2
2
2
2
2
2
=

=TS R

A
F

Figure 3-14: Editing the Block Design Wrapper

The HDL wrapper can also be used to define the block design as the top-level of the design.
For more information see this link in the Vivado Design Suite User Guide: Designing IP
Subsystems Using IP Integrator (UG994) [Ref 13].

Working with DSP Sources

Xilinx System Generator for DSP is a design tool from Xilinx that combines RTL source files,
Simulink® and MATLAB® software models, and C/C++ components of a DSP system into a
single simulation and implementation environment. For more information on working with
System Generator refer to the System Generator for DSP User Guide (UG640) [Ref 19].
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A System Generator design is often a sub-design that is incorporated into a larger HDL
design. In the Vivado IDE, you can directly add an existing System Generator design model
file (.s1x or .mdl) as a DSP module into the overall design. You can also create a new DSP
module from within the Vivado IDE and launch Xilinx System Generator to complete the DSP
design.

The recommended flow is to package the DSP module as an IP core in the Vivado Design
Suite, to be added to the Xilinx IP catalog and integrated into any level of the design
hierarchy as a sub-module as described in Working with IP Sources, page 54,or imported
into the top-level of the design. This lets the Vivado IDE manage the project for the FPGA
design, while handling the DSP module as an IP source that is developed and managed
within System Generator. For more information see IP Catalog Compilation in the Vivado
Design Suite User Guide: Model-Based DSP Design Using System Generator (UG897) [Ref 19].

Adding Existing DSP Modules

1. Select File > Add Sources.

Note: Alternatively, select Add Sources from the right-click menu of the Sources window, or
from the Flow Navigator.

2. In the Add Sources wizard select Add or Create DSP Sources, and click Next.

3. Inthe Add or Create DSP Sources page (Figure 3-15), set the following options, and click
Finish.

g"‘ Add Sources @
Add or Create DSP Sources
Specify System Generator for DSP sources, '

'h Index  Mame Library  Location
1 sysgenDWT.mdl  M/A C:/Data/TP

/| Copy sources into project

< Back Mext = | Finish | | Cancel |

Figure 3-15: Add Sources Wizard—Add or Create DSP Sources dialog box

- Add Sub-Design: Click on the '+’ sign, and select the Add Sub-Design command
to open a file browser and navigate to existing System Generator model files to add
to the project.
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- Remove: Removes the selected DSP source from the list of files to be added.
- Move Up: Moves the selected source up in the list order.
. Move Down: Moves the selected source down in the list order.

- Copy Sources into Project: Copies the original DSP model files into the project and
uses the local copied version of the file in the project.

The added DSP design sources display separately in the IP Sources tab of the Sources
window, and display along with other source files in the Hierarchy, Libraries, and Compile
Order tabs of the Sources window.

Creating DSP Modules in the Current Project

1. To create new DSP sources in the current project, select File > Add Sources.

Note: Alternatively, select Add Sources from the right-click menu of the Sources window, or
from the Flow Navigator.

2. In the Add Sources wizard select Add or Create DSP Sources, and click Next.

3. Inthe Add or Create DSP Sources page (Figure 3-15, page 66), Click on the '+’ sign, and
select the Create Sub-Design command to launch System Generator to define a new
DSP module.

The Create System Generator Source dialog box opens as shown below.

P -

JS_:. Create system generator source @

Create a new System Generator source and add it to your project. ‘

Module name: | [T T=0E]

[ oK ]| Cancel |

Figure 3-16: Create System Generator Source dialog box

The Vivado Design Suite invokes System Generator for DSP, and the MathWorks
model-based Simulink® design environment for FPGA design to let you design your
DSP system, as seen in Figure 3-17, page 68. Refer to the Vivado Design Suite User
Guide: Model-Based DSP Design Using System Generator (UG897) [Ref 19] for more
information on the use of this tool.

Note: You can also create DSP sources using the create_sysgen Tcl command, which can be
used to create a new DSP sub-module. The Vivado IDE creates a new SLX file and adds it as a
sub-module to your project. Refer to the Vivado Design Suite Tcl Command Reference Guide
(UG835) [Ref 4] for more information.
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Generating Output Products for DSP Modules

After the System Generator design is complete, and added to the current design or project,
you can generate the required output products to support the DSP module in the design
flow. The required files include the different design elements of the DSP module that are
required to support synthesis, simulation, and implementation of the current project. These
include a top module definition, or HDL wrapper, synthesis and simulation netlists, XDC
design constraints, and any additional supporting documents. The generated netlists are
written in the target language of the current project.

1. In the Sources window, right-click on the DSP module and select the Generate Output
Products.

The Vivado Design Suite invokes System Generator for DSP, and the MathWorks
model-based Simulink® design environment for FPGA design, to generate the various
output products needed to support the DSP module in the design flow.

isp_modl

Er=) )]

Edit View Display Diagram Simulation Analysis Code Tools Help

- - - * (100 I = -

(4] System Generator: dsp_modl EI El @

1_mod1 i 2 . U
1
[Paldsp_mod1 & @J @
000 o 3
Compilation Clocking General

i Compilation :
= ||HDL Netlist Cattinne

Systemn

Generatar

Part :
= ||Kintex7 xcTk325t-2ffg300
o D’_l:: z;",= . 2 z:+ . I§| Hardware description language : VHOL library :
dats_in data_out Verilog xil_defaultlib
Mult Target directory :

C:/Data/Vivado_TutorialTutorial_Created_Data/wave1/wave!.srcs/sources_ ‘|| Browse

Synthesis strategy : Implementation strategy :
Vivado Synthesis Defaults Vivado Implementation Defaults
Create interface document |:| Create testbench
Performance ﬁps‘ I Generate‘ I OK ‘ I Apply ‘ I Cancel ‘ I Help ‘
T
dy 100% VariableStepDiscrete ‘ ‘

Figure 3-17: System Generator for DSP

The Vivado Design Suite does not support bottom-up out-of-context synthesis for DSP
modules. They are synthesized as part of the global synthesis of the overall design.

With the output products required by the block design added to your design project, you
must now instantiate the DSP module into your design hierarchy, or define the DSP module
as the top-level of the current design. This involves integrating the DSP module or entity

into the design as described in Instantiating DSP Modules into the Current Project.
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Instantiating DSP Modules into the Current Project

A DSP module can be instantiated into the hierarchy of an HDL design, or it can be defined
as the top-level of the design hierarchy. This starts with the creation of the HDL wrapper for
the DSP module.

1. Right-click on the DSP module in the Sources window, and select the Create HDL
Wrapper command.

Sources S T =
™ o i
Az 2e|E =
- 1 IP (2 Il'i_ﬂl
—|-{~ D'SP Design Sources (1]
EW¥! oo mod (15 g e,
+  Synthesis | & Source File Properties... Ctrl+E
+-i= Implement{ [  Open File Alt+0

+-15) Simulation

i Report IP Status
Create HDL Wrapper...
View Instantiation Template
Create Testbench
Generate Output Products...
Reset Output Products. ..

Hierarchy | IP Sources Out-of-Context Settings...

4 Sources | 7 T

Figure 3-18: Create HDL Wrapper

To integrate the DSP module into an existing design hierarchy, edit the HDL wrapper for the
DSP module. The HDL wrapper provides a Verilog module declaration, or VHDL entity
declaration for the DSP module, and creates an instance of the module in the wrapper.

You can edit the instance definition in the HDL wrapper and cut and paste it into the design
hierarchy as needed, or you can use the wrapper to define the DSP module as the top-level
of the design.
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Editing Source Files

The Vivado IDE provides a Text Editor in which to create or modify RTL, XDC, Tcl and other
text sources. The Text Editor is context-sensitive when editing Verilog, VHDL, XDC, and Tcl
files, and uses color-coding to distinguish keywords and constructs. It is a configurable,
integrated text editor that supports syntax highlighting and on-the-fly checking, assistance
with errors and warnings, code folding, code completion, and file comparison. See Using
the Text Editor in the Vivado Design Suite User Guide: Using the Vivado IDE (UG893) [Ref 6]
for information on specific commands in the text editor.

You can open multiple files simultaneously, and click the tab for each open file to switch
between files. In the tab for the open file, the Vivado IDE appends an asterisk (*) to the file
name for modified files that need to be saved. To save the file, use one of the following
methods:

« Select File > Save File from the main menu.
« In the Vivado IDE Text Editor, select Save File from the right-click menu.
« In the Vivado IDE Text Editor, use the Save File toolbar button. H

« Use the Save As command to save the source file to a new location.

O TIP: If you attempt to close a file with unsaved changes, the Vivado IDE prompts you to save the
changes.

Using the Find/Replace in Files Commands

When editing design source files, you may need to find specific objects or instances of
objects. You can use Find or Find in Files to search for any given text string in an open
source file or a selected set of source files, or Replace in Files to find and replace text

strings. You can perform the following actions:

« Enter any text string, including wildcards (*, ?, #, +), or regular expression as search
criteria.

« Use the filtering options to search source files, constraint files, and report files.
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Using HDL Language Templates

The Vivado IDE provides templates for many Verilog, VHDL, and XDC structures, including
Xilinx Parameterized Macros (XPMs) and library primitives. To view the templates:

1. In the Vivado IDE Text Editor, select the Language Templates toolbar button. ']

2. Select Tools > Language Templates.

The Language Templates window appears with folders for Verilog, VHDL, SystemVerilog,
XDC, and Debug.

¢ Llanguage Templates =]
Select a language template ‘
Templates Preview
s QI=Er=} Werilog al -
= [ Common Constructs
ra rﬂ I Device Macro Instantiation
% rﬂ 1 Device Primitive Instantiation
12 rﬂ | TP Integrator HDL
[ Simulation Constructs
[ Synthesis Constructs
EH Yilinx Parameterized Macros (XPM)
0_Info {(Usage Instructions)
{2 Clock Domain Crossing Synchronizers (¥PM_CDC)
2
Bus Synchronizer with Full Handshake
Pulse Transfer
Single-bit Array Synchronizer
Single-bit Synchronizer
Synichronizer via Gray Encoding
[ Synchronous Reset Synchronizer
[+ FIFO (XPM_FIFQ)
(-5 Memory (XPM_MEMORY)
[H-i= WHDL
-5 SystemVerilog
[+ XDC
[#-I=) Debug

Figure 3-19: Language Templates Window

When a template is selected, you can use the Insert Template “i'uf command from the Text
Editor toolbar. Selecting this command copies the selected template into the file being
edited at the location of the cursor. Alternatively, you can highlight, and then copy and
paste the desired text from the Language Templates window. For supported commands, see
this link in the Vivado Design Suite User Guide: Using the Vivado IDE (UG893) [Ref 6].
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Using Xilinx Parameterized Macros

XPMs are simple, lightweight, inline customizable solutions for common HDL flow use
cases. They can be considered as simple parameterizeable IP. XPMs are synthesizable
SystemVerilog-based HDL delivered with the Vivado Design Suite.

There are two types of XPMs:

« XPM_MEMORY - RAM and ROM memory structures, including:
o Dual port distributed RAM
o Simple dual port RAM
- Single port RAM
o True dual port RAM
o Dual port ROM
- Single port ROM
+  XPM_CDC - Clock Domain Crossing (CDC) logic, including:
- Asynchronous reset synchronizer
- Synchronous reset synchronizer
o Bus synchronizer with full handshake
o Pulse transfer
- Single-bit array synchronizer
- Single-bit synchronizer
- Synchronizer via gray encoding
+  XPM_FIFO - synchronous and asynchronous FIFO structures, including:
- Synchronous (single-clock) FIFO
o Asynchronous (dual-clock) FIFO

For XPMs to be recognized by the Vivado Design Suite, they must be enabled first using the
XPM_LIBRARIES property on the project. This enabling is a one-time step on a
project-by-project basis. One or more of the available XPMs can be enabled.

In this example, all XPM types are enabled:
set_property XPM_LIBRARIES {XPM_CDC XPM_MEMORY XPM_FIFO} [current_project]
In this example, one XPM type is enabled:

set_property XPM_LIBRARIES XPM_MEMORY [current_project]
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After this property is set, you can use any XPM of the type enabled in your design. The
property is preserved when the project is closed and reopened. The parameters available
for a specific XPM are explained in the instantiation template in the Language Templates
window. Figure 3-20 shows an example of an XPM_CDC that has been instantiated in a
Verilog file with parameterization.

xpm_cdc single #(

.DEST_SYNC_FF  (4),
.SIM_LSSERT_CHK (0),
.SREC_INEUT_REG (1)

) rd wr_en_inst {
.src_clk (rxd_clk), optional; regquired when SRC INPUT RES = 1
-3rc_in {en_inj},

.dest_clk (wr_clk),
.dest_cut (en_out)

Figure 3-20: XPM_CDC Example

Some XPMs deliver constraints. These constraints are in Tcl files and appear in the synthesis
log file along with other constraints that are processed. These constraints can have
dependencies on a clock object present on the net that connects to the XPM. This is
because some XPMs query the period property of the clock for setting a constraint. If the
clock property is not present, a critical warning is generated.

IMPORTANT: When using the report_compile_order command, the Tcl constraint files for the XPMs in
the design are not shown unless you have opened the elaborated, synthesized, or implemented design.

For details on the various XPMs and their parameterization options, see this link in the
UltraScale Architecture Libraries Guide (UG974) [Ref 20].
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Cross Probing to Source Files
The Vivado IDE provides cross probing to RTL source files from the following windows:

» Schematic window (RTL elaborated, synthesis, or implementation)
« Netlist window (after synthesis or implementation)

» Device window (for an implemented design)

To cross probe, select a cell from any of these windows, and select the Go To Definition or
Go To Source right-click command. The RTL source opens, and the line with the instance is
highlighted as shown in Figure 3-21.

Elaborated Design - xcku040-ffval156-2-e (active)

RTL Netiist T 0O % I Project Summary X | #%] Schematic X | 8 cmd_parsew X
Z ?.J = C:/Data/project_6/project_6.srcsfsources_1fimports/Sources kintexufcmd_parse.v
52 wave_gen = 218 end
(279) g | ®* 219 else if (new_char)
o0 ¢ begin
221 send_char_wval <= 1'bl;
222 send_char <= rx_data;
223 end // 1f lrst and nev char
224 | else
225 begin
226 send_char_wval <= 1'b0;
227 end
228 : end // always
arg_cnt_i_ 0 (R 329
arg_cnt_i__ 1 (RTL_| ) o 2l
V231
arg_cnt_i_ 3 (R7| [&  Cell Properties... Ctrl+E | 232 A 1is done function to val
arg_mt_?_‘l:%: Floarplanning v 233 wire [4:0] char_to_digit = to_wval(rx data):
arg_cnt_i_ 5 (R 234
arg_ent_reg[0] ( Ctrl+ Shift+S 235 | wire char is digit = !char to digit[4]:
arg_cnt_reg[1] | - - - - -
ara_cnt reg[2] | Select Leaf Cell Parents 435
arg_sav_i (RTL_N @& » =0
arg_sav_i__0 (R 238
arg_sav_i__ 1 (R 239 // bits to the ting data
arg_sav_req[0] | # Highlight 4 240 wire [4*MRY ARG CH-1:0] arg_val = [arg_sav,clt
-Jill_arn_sav renl1] [ 241
b Sources™, (52 RTL Netl & Mark 5 242 ) always @(posedge clk_rx)
. . 243 begin
Cell Properties Ctrl+Shift+M 2 if (zst_clk rx)
== Q) % ]  Schematic F4 245 © begin
Lill arg_cnt i 2 Show Connectivity Ctrl+T 248 atate <= IDLE;
T  Show Hierarchy F& 247 cuz_cmd <= 7'R00;
Mame: cmd_pars| 248 arg_sav <= 28'b0;
Parent: Go To Source F7 249 arg_cnt <= 3'b0;
Go To Definition Shift+F7 250 send_resp_val <= 1'b0;
Reference name:  RTL_MUX . e o o [ —

Figure 3-21: Cross Probing the Elaborated Netlist to an RTL Source
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Tcl Commands for Cross Probing to Source Files

You can use the FILE_NAME and LINE_NUMBER properties on a cell to get information
about where the cell is located in the RTL source. You can then open the RTL source in a text
editor and navigate to the appropriate line number. Following is the associated Tcl
command:

e Tcl Command: get_cells

Note: By default, get_cells truncates the returned results in the Tcl Console and log file after the
first 500 results. For more information, including how to change the default setting, see this link in
the Vivado Design Suite Tcl Command Reference Guide (UG835) [Ref 4].

+ Tcl Command Example: The following example shows how to use the get_cells Tcl
command in an open design to get a specific instance of a cell, query the properties of
that cell object, and report the file and line of interest:

set cellName dac_spi_i0

set fileName [get_property FILE_NAME [get_cells S$cellName]]
set lineNum [get_property LINE_NUMBER [get_cells $cellName]]
puts “Cell: ScellName is instanced in file: $fileName \

at line number $lineNum”

Using Alternate Text Editors

In the Vivado IDE, you can select an alternative text editor as follows:

1. Select Tools > Options.

2. In the Vivado Options dialog box Text Editor page (Figure 3-22), select an alternate
editor from the Current Editor drop-down list.

When you select an editor from the list, an executable name appears in the settings. The
path to the executable needs to be in your path. See the appropriate Windows or Linux
documentation for help on how to add a path to your environment.
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¢ Vivado Options E|
Text Editor
Current Editor: | Vivado Text Editor (default) -
Vivado Editor Options
General | Fonts | Colors
Maximum number of undo operations to allow: 100 (default)
) = Number of recent finds to list: 205

Skip blank lines when using line comments

BT
‘;ﬁ
i [7] Use "Alt’ key for column selection {default is 'Ctrl’)
Shortcuts
.;{? Synchronize split view scrolling
;i Tabs
Strategies Always indent the line if there is a selection
i
= [] Use tab character
Text Editor Tab size: 4
I -
&t

Window Behavior

T

Figure 3-22: Vivado Options Dialog Box—Text Editor Page

If your editor is not listed, select Custom Editor. In the Custom Editor Definition dialog
box (Figure 3-23), enter the name or location of the executable and the command line

syntax used to run the editor.

Text Editor
Current Editor: | Vivado Text Editor (default)
Vivado Text Editor -

Vivado Editor O
Ultra Edit

Generallgedit on

Emacs
Perform |gyim

Motepad
/| Perform
~ |wordpad
Maximum nufiotepad ++
Eclipse
Sublime -

Skip blank lines when using line comments

mn

Mumber of rg

Figure 3-23: Custom Text Editor Setting

TIP: When using an alternative text editor, cross probing works differently. The file opens in the
O external editor but does not go to the line number automatically.
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Working with Simulation Sources

In the Vivado IDE, you can add simulation sources to the project for behavioral simulation
of an RTL Project. Simulation source files include hardware description language
(HDL)-based test bench files to use as a stimulus for simulation. Simulation sources are
used for behavioral simulation in the Vivado simulator.

The Vivado IDE stores simulation source files in simulation sets that display in folders in the
Sources window, and are remotely referenced or stored in the local project directory.
Simulation sets enables you to define different sources for different simulation
configurations. For example, one simulation source can provide stimulus for behavioral
simulation using one test bench while another can contain a different test bench. When
adding simulation sources to the project, you can specify which simulation set into which to

add files.

Note: For more information, see Adding or Creating Simulation Source Files in the Vivado Design

Suite User Guide: Logic Simulation (UG900) [Ref 10].

Adding and Creating Simulation Source Files

1. Select File > Add Sources.

Note: Alternatively, select Add Sources from the right-click menu or from the Flow Navigator.

2.

In the Add Sources wizard select Add or Create Simulation Sources, and click Next.

o In the Add or Create Simulation Sources dialog box (Figure 3-24), set the following

options, and click Finish.

¢ Add Sources
Add or Create Simulation Sources

new source file on disk and add it to your project.

Specify simulation set: | k= sim_1

lh Index Mame Location

w1

Specify simulation specific HOL files, or directories containing HOL files, to add to your project. Create a

Library
bft_tb.v C:/Data/Sources/hdl xil_defaultib C:/Data/Sources/hdl

==l

/

-

Location

| AddFiles

i | Add Directories | |

Create File

Scan and add RTL incude files into project
/| Copy sources into project
Add sources from subdirectories

| Indude all design sources for simulation

7 < Back Next > | Finish | | Cancel |
Figure 3-24: Add Sources Wizard—Add or Create Simulation Sources Page
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- Specify Simulation Set: Enters the name of the simulation set to put test bench
files and directories. Select the Create Simulation Set option from the drop-down
menu to define a new simulation set.

- Add Files: Click the "+" sign and select Add Files from the drop-down menu to
open a file browser so you can select simulation source files to add to the project.

- Add Directories: Opens a directory browser to add all simulation source files from
the selected directories. Files in the specified directory with valid source file
extensions are added to the project.

- Create File: Opens the Create Source File dialog box in which you can create new
simulation source files.

- Remove: Removes the selected source files from the list of files to be added.
- Move Selected File Up: Moves the file up in the list order.
- Move Selected File Down: Moves the file down in the list order.

- Library: This column specifies the library for an added file or directory by selecting
one from the currently defined library names, or specify a new library name by
typing in the Library text field.

Note: This option applies to VHDL files only. By default, HDL sources are added to the
xil_defaultlib library. You can create or reference additional user VHDL libraries as
needed. For Verilog and SystemVerilog files, leave the library set to xil_defaultlib.

- Scan and Add RTL Include Files into Project: Scans the added RTL files and adds
any referenced include files.

- Copy Sources into Project: Copies the original source files into the project and
uses the local copied version of the file in the project.

Note: If you selected to add directories of source files using the Add Directories command,
the directory structure is maintained when the files are copied locally into the project. For
more information, see Using Remote Sources or Copying Sources into Project.

. Add Sources from Subdirectories: Adds source files from the subdirectories of
directories specified in the Add Directories option.

- Include all design sources for simulation: Copy all design source files from the
sources_1 fileset into the simulation fileset.
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Working with Constraints

The Vivado IDE supports the Xilinx® design constraint (XDC) and Synopsys design
constraint (SDC) file formats. The SDC format is for timing constraints while the XDC format
is for both timing and physical constraints. Constraints can include placement, timing, and
I/O restrictions. You can create constraints during various steps in the design flow, including
RTL analysis, synthesis, and implementation. For more information on constraint files,
constraint sets, and the various types of constraints, refer to Vivado Design Suite User Guide:
Using Constraints (UG903) [Ref 7].

The Vivado Design Suite provides flexibility in defining and using constraints in a project.
You can use a single XDC file to add and maintain the design constraints, or you can use
multiple XDC files to organize the constraints into separate files. You can create multiple
constraint sets to experiment with various types of constraints, or store multiple versions of
constraints. Each constraint set can contain one or more constraint files.

The Vivado Design Suite also lets you define constraints in Tcl scripts which can either be
sourced in the Tcl shell or Tcl console, or that you can add to a constraint set in your design.
Defining constraints in Tcl scripts allows you to use standard Tcl commands as part of the
constraint scope and definition. However, defining constraints in Tcl scripts also has certain
limitations, such as not being able to save changes to design constraints back to the source
Tcl script.

Note: For more information on working with Tcl scripts, see this link in the Vivado Design Suite User
Guide: Using Constraints (UG903) [Ref 7].

You can open multiple designs referencing a single constraint set. However, you must be
careful to manage changes made to multiple designs that reference the same constraint set.
If the Vivado IDE detects unsaved changes in multiple open designs, it prompts you to
select which design to save to the referenced constraint file.

C CAUTION! When saving constraints files, be careful not to overwrite any unsaved constraint definitions
in an unsaved design.

An implemented design saves a snapshot of the constraints used during the
implementation run along with a reference to the original constraint file lines. When
opening an implemented design, the constraints loaded from the implementation run
might be older than the implementation constraints from the constraints set in the project.
This can cause the loss of newer constraints in the project constraint files when you save the
design from an implemented run after adding or editing the constraints in memory.
Generally, the Vivado IDE manages these revision issues and prompts you to take the
appropriate action as needed. However, you should be aware of the potential conflict
between the constraints in memory and the constraints files in the constraints set
associated with the implementation run.
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In the Vivado IDE, the following windows enable you to create and work with constraints:

« Timing Constraints Window: Shows all XDC file timing constraints for the projectin a
table format. You can an interactively edit existing constraints, which are saved back to
the source file, or create new constraints.

« Device Constraints Window: Enables you to set various SelectlO™ interface
constraints on displayed banks.

» Physical Constraints Window: Enables you to create and manage Pblocks.

TIP: Select Tools > Timing > Constraints Wizard on a synthesized design to create a top-level XDC

O file based on design methodologies recommended by Xilinx. The wizard guides you through specifying
clocks, setting up input and output constraints, and properly constraining cross-clock domain clock
groups.

..... VIDEO: See the Vivado Design Suite QuickTake Video: Using the Vivado Timing Constraint Wizard for
m an introduction to using the Timing Constraints Wizard.

Adding and Creating Constraint Files

1. Select File > Add Sources.

Note: Alternatively, you can click Add Sources in the Flow Navigator, or select Add Sources
from the right-click menu in the Sources window.

2. In the Add Sources wizard select Add or Create Constraints, and click Next.

3. Inthe Add or Create Constraints page (Figure 3-25), set the following options, and click
Finish.

¢ Add Sources @
Add or Create Constraints
Specify or create constraint files for physical and timing constraint to add to your project. '
Spedify constraint set: | i constrs_1 (active) -

lh Constraint File Location
Y bft.xdc C:\Data\Sources

AddFiles | [ CreateFie

/| Copy constraints files into project

7 < Back Next > | Finish | | Cancel |

Figure 3-25: Add Sources Wizard—Add or Create Constraints Page
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- Specify Constraint Set: Defines the constraint set into which the constraint files
are placed. By default, the currently active constraint set is selected, but you can
specify a different constraint set or define a new constraint set using the
drop-down menu.

- Add Files: Specifies the XDC, SDC, or Tcl script files to add to the project.
- Create File: Creates a new top-level XDC for the project.
- Remove: Removes the selected file from the Constraint File list.

- Up / Down: Moves a constraint file up or down in the listed order of files. XDC,
SDC, or Tcl script files consist of commands that set timing and physical constraints
and are order-dependent. Multiple files in a constraint set are read in the order they
appear; the first file in the list is the first file processed.

f IMPORTANT: Constraints are read in the order they appear in a constraint set. If the same constraint is
defined more than once in a constraint file, or in more than one constraint file, the last definition of the
constraint overwrites earlier constraints.

- Copy Constraints into Project: Copies constraint files into the local project
directory instead of referencing the original files.

Setting the Target XDC File

When editing design, constraints, modified constraints are written back to the XDC file that
are defined in. Newly created constraints are written to the XDC file identified as the target
XDC file when you save the constraints. By default, in a new constraint set, there is no target
XDC file. When you create new constraints, you must set a target XDC file when you save
the constraints.

TIP: Existing constraints that are modified are written back to the XDC file from which they originated,
O not the target XDC.

To indicate that constraints need to be saved, the Save Constraints toolbar button is
enabled . When you click the Save Constraints toolbar button, the Save Constraints File
dialog box (Figure 3-26) lets you choose an existing XDC file in the active constraint set, or
create a new file to add to the active constraint set.
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if" Sawe Canstraints @

Select a target File ko write new unsaved constraints to, Choosing an existing File will update that File with
the new constraints,

Creake a new file

File bvpe: Do
File: name:
File location: | B2 <Local to Project =

@ Select an existing file

HY wave_gen_pins.xdc -

[ ok | Cancel

Figure 3-26: Save Constraints File Dialog Box

If an XDC file is set as a target, the word “(target)” appears next to the file name in the
Sources window (Figure 3-27). You can change the target XDC file at any time using the Set
as Target Constraint File right-click menu command in the Sources window.

— Constraints ()

{ B constrs_1 (2]

oY wave_gen_kiming, xde (karget)
£H wave_gen_pins, xdc

Figure 3-27: Target XDC File in the Sources Window

Referencing Original XDC Files or Copying Files

As with other source files, you can reference XDC files from a remote location or copy the
files locally into the project directory. If your project references remote files, the Vivado IDE
automatically detects changes to the referenced source file and prompts you to Reload the
design with the latest files.

To copy constraints into the project, do one of the following:

«  When you add constraints to the project using the Add Sources command, you can
copy the constraints to the local project directory by selecting the Copy Constraints
into Project option.

« If you initially add the constraints as remote sources but later wish to copy them into
the project directory, use Copy File into Project or Copy All Files into Project in the
right-click menu in the Sources window to copy some or all individual remote source
files into the project directory.

Note: For more information, see Using Remote Sources or Copying Sources into Project.
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Using Constraint Sets

A constraint set is one or more constraint files that are maintained independently and
concatenated into the in-memory design for analysis and implementation. A constraint set
defines the constraint files to be used at specific moments, or under specific conditions, in
the design process. By defining multiple constraints sets, you can, for example, specify
different active constraints to resolve floorplanning and timing problems.

The XDC files can be used during synthesis, implementation, or both. By default all XDC
files are set to be used in both synthesis and implementation, as defined by the USED_IN
property on the constraint file. To change the USED_IN property, select the XDC file in the
Sources window, and check or uncheck the appropriate box in the General view of the
Source File Properties window (Figure 3-28, page 83). Refer to the USED_IN property in
Vivado Design Suite Properties Reference Guide (UG912) [Ref 14] for more information.

Sources O i (N E
A= ek RE

=I-{ Design Sources (2)

¢ [ Verilog Header (1)

| [E-EB wave_gen (nave_gen.v) (14)

—J-{= Constraints (2)

»constrs_1 (2)

git]wave_gen_timing.xdc (target) |

wave_gen_pins.xdc

-+ Simulation Sources (2)

Hierarchy | IP Sources | Libraries | Compile Order

Source File Properties T 0O X
« - B[R

Y wave_gen_timing. xdc

/| Enabled

Location: C:/Data/project_6/project_6.srcsfconstrs_1fimports fxcku:

Type: XDC l_l

Size: 4.1KB

Modified:

Wednesday 03/09/16 05:15:28 PM
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Copied on: Wednesday 03/09/16 06:15:28 PM
Read-only: Mo
Encrypted: Mo
Core Container: Mo
Used In
| Synthesis

| Implementation

Fl 1 2

General | Properties

Figure 3-28: USED_IN Property of an XDC File
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Creating and Editing Constraint Sets

1. In the Sources window, select Edit Constraint Sets from the right-click menu.

2. In the Edit Constraint Set dialog box, do one of the following:

o

To edit a constraint set, click the drop-down menu next to the Specify Constraint
Set field, and select a constraint set.

To create a constraint set, click the drop-down menu next to the Specify Constraint
Set field, and select Create Constraint Set. In the Create Constraint Set Name
dialog box (Figure 3-29), enter a name for the constraint set, and click OK.

Create Constraint Set Name @

Enter Constraint Set Name

| Ok || Cancel |

Figure 3-29: Create Constraint Set Name Dialog Box

3. In the Edit Constraint Set dialog box, set the following options, and click OK:

o

System-Level Design Entry

Add Files: Specifies XDC or SDC files to add to the constraint set.

Create File: Specifies a name and location for a new XDC file to add to the
constraint set.

Remove: Removes the selected file from the Constraint File list.

Note: You can only remove files that have not yet been added to the constraint set using the
OK button. To remove a file that was already added to the constraint set, select the file in the
Sources window, and select Remove File from Project from the right-click menu.

Up / Down: Moves a constraint file up or down in the listed order of XDC and SDC
files. XDC and SDC files consist of commands that set timing and physical
constraints and are order-dependent. If there are multiple files in a constraint set,
the order in which they appear in the Sources window corresponds to the order that
the Vivado IDE processes the files. The first file in the list is the first file processed.
If the same constraint appears in more than one constraint file, the last file read has
precedence in defining the constraint.

Copy Constraints into Project: Copies constraint files into the local project
directory instead of referencing the original files.
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Defining the Active Constraint Set

If more than one constraint set exists, you must designate the active constraint set. The
Vivado IDE uses the active constraint set by default when you launch the synthesis or
implementation runs or when you open an elaborated, synthesized or implemented design.

To set the active constraint set, select the constraint set in the Sources window, and click
Make active from the right-click menu. In the Sources window, the active constraint set
appears in bold with the word “(active)” next to it (Figure 3-30).

o
b4

Sources — O
A== et R

=R slDesign Sources (1)

=-@ & bft - aBFT (bft.vhdl) (6)
&:‘rvh arndl - round_1 - aR1 (round_1.vhdl)
[-# arnd2 - round_2 - aR2 (round_2.vhdl) |
i@ arnd3 - round_3 - aR3 (round_3.vhdl) |

fi arnd4 - round_4 - aR4 (round_4.vhdl) |

[+ ingressFifo - FifoBuffer (FifoBuffer.v) (1)

[+}-4#@® egressFifo - FifoBuffer (FifoBuffer.v) (1)

—H= Constraints (3)

=i constrs_1 (active)

. 8 bftdc (target)

& constrs_2

: -3 bft_fullxdc (target)

= constrs_4

[+H= Simulation Sources (1]

.-'_: .-I'\-.l\ Cl':; (oo

Hierarchy | Libraries | Compile Order
&4 Sources | ] Netlist

Figure 3-30: Active Constraint Set
Creating Constraints Sets Using the Save Constraints As Command

At any time in the design flow you can also create a copy of the active constraint set using
the Save Constraints As command. With multiple places to make changes to constraint
files, or to model the affect of different constraints, it is useful to save changes to a new
constraint set to manage changes or support “what-if" analysis.
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Select File > Save Constraints As to open the Save Constraints As dialog box (Figure 3-31,
page 86), and enter a new constraint set name in which to save all constraints.

ﬁf" Save Constraints As @

Save constrainks as a new Conskraink Set,

Mew Constraink set name: | constrs_3

| Make active

[ Ok ] | Cancel

Figure 3-31: Save Constraints As Dialog Box

The Save Constraints As dialog box does the following:

« Creates a new constraint set.

« Copies the active constraint files into the new constraint set in the local project
directory.

« Writes any modifications to the constraints to the copied constraint files, leaving the
original XDC files unchanged.

« Provides an option to make the new constraint set active in the project.

Exporting Constraints

In some cases, you might want to use the Vivado IDE to write a constraints file for use in
scripted design flows. To export all the constraints applied to the in-memory design to a
single constraints file, select File > Export > Export Constraints.

In addition, you can export the I/O standard constraints for I/O ports and banks (both
user-specified values and default values assigned by the Vivado IDE) to an XDC file. To
export I/O constraints, select File > Export > Export I/O Ports, and generate an XDC file.

Enabling or Disabling Constraint Files

When you add or create constraint files, the files are enabled in the Sources window by
default. You can disable constraint files to prevent them from being used during
elaboration, synthesis, or in implementation.

« To disable constraint files, select the files in the Sources window, and select the Disable
File right-click command.

« To enable disabled files, select the files in the Sources window, and select the Enable
File right-click command.
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Changing the Constraint Evaluation Order

You can reorder user constraints within the associated constraint set. In the Sources
window, drag and drop the XDC files to rearrange the order.

To get an ordered list of all XDC files that the Vivado IDE processes, use the following
command in the Tcl Console: report_compile_order -constraints. This lists all the
constraints in the design, including user constraints and IP.

Note: For more information on how to change the order of constraints, see the Vivado Design Suite
User Guide: Using Constraints (UG903) [Ref 7].

Working with Sources in Non-Project Mode

Unlike Project Mode in which source files are managed for you, source files are under your
control in Non-Project Mode. Using Tcl commands, you specify the files to process and
output files to generate, including netlist, bitstream, and report files. Table 3-1 shows
commonly used Project Mode commands and corresponding Non-Project Mode
commands. For more information on Project Mode and Non-Project Mode, see this link in
the Vivado Design Suite User Guide: Design Flows Overview (UG892) [Ref 1]. For more
information on Tcl commands, see the Vivado Design Suite Tcl Command Reference Guide
(UG835) [Ref 4].

Note: In Non-Project Mode, files are compiled in the order the read_* commands are listed in the
Tcl script.

Note: To Select a new part in the current installation, close the current project and upgrade the
current installation to add additional part.

Table 3-1: Project Mode and Non-Project Mode Commands

Action Project Mode Command Non-Project Mode Command
Reading design sources add_files read_<file_type>
import_files (for example: read_verilog,

read_vhdl, read_xdc,
read_edif, and read_ip)

Note: You can import an NGC file in
Non-Project Mode using the
read_edif command.

Running synthesis launch_runs synth_ 1 synth_design

Running implementation launch_runs impl_1 opt_design
place_design
phys_opt_design

route_design

launch_runs impl_1 -to_step |write_bitstream
write_bitstream <file_name>
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Table 3-1: Project Mode and Non-Project Mode Commands (Cont’d)

Action

Project Mode Command

Non-Project Mode Command

Generating reports

report_timing
report_timing_summary
report_drc
report_clock_interaction
report_utlization
report_route_status

Note: In Project Mode, many reports
are automatically generated. For a list of
all reports, enter: help report_*.

Same as Project Mode

Running simulation

launch_xsim

xsim
Note: This command launches Vivado
simulation outside of the Vivado IDE.

Writing design
checkpoints

write_checkpoint
<file_name>.dcp

Note: In Project Mode, DCP files are

Same as Project Mode

automatically created for each stage of
implementation.

Following is an example of a Non-Project Mode script, which reads in various source files:

System-Level Design Entry
UG895 (v2016.4) November 30, 2016

# create_bft_batch.tcl

# bft sample design

# A Vivado script that demonstrates a very simple RTL-to-bitstream batch flow
#

# NOTE: typical usage would be "vivado -mode tcl -source create_bft_batch.tcl"
#

# STEP#0: define output directory area.

#

set outputDir ./Tutorial_Created_Data/bft_output

file mkdir SoutputDir

#

# STEP#1: setup design sources and constraints

#

read_vhdl -library bftLib [ glob ./Sources/hdl/bftLib/*.vhdl ]
read_vhdl ./Sources/hdl/bft.vhdl

read_verilog [ glob ./Sources/hdl/*.v ]

read_xdc ./Sources/bft_full.xdc

#

# STEP#2: run synthesis, report utilization and timing estimates, write checkpoint
design

#

synth_design -top bft -part xc7k70tfbg484-2 -flatten rebuilt
write_checkpoint -force S$SoutputDir/post_synth

report_timing summary -file SoutputDir/post_synth_timing_summary.rpt
report_power -file SoutputDir/post_synth_power.rpt

#

# STEP#3: run placement and logic optimzation, report utilization and timing
estimates, write checkpoint design

#

opt_design
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place_design

phys_opt_design

write_checkpoint -force S$SoutputDir/post_place

report_timing summary -file SoutputDir/post_place_timing_summary.rpt
#

# STEP#4: run router, report actual utilization and timing, write checkpoint design,
run drc, write verilog and xdc out

#

route_design

write_checkpoint -force S$SoutputDir/post_route

report_timing summary -file SoutputDir/post_route_timing_summary.rpt
report_timing -sort_by group -max_paths 100 -path_type summary -file
SoutputDir/post_route_timing.rpt

report_clock utilization -file SoutputDir/clock util.rpt
report_utilization -file S$SoutputDir/post_route_util.rpt

report_power -file SoutputDir/post_route_power.rpt

report_drc -file SoutputDir/post_imp_drc.rpt

write_verilog -force S$SoutputDir/bft_impl_netlist.v

write_xdc -no_fixed_only -force S$SoutputDir/bft_impl.xdc

#

# STEP#5: generate a bitstream

#

write_bitstream -force SoutputDir/bft.bit
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Chapter 4

Elaborating the RTL Design

Overview

The Vivado® Design Suite has three views of the design represented by the source files and
design constraints added to the project, or read into memory in Non-Project Mode: the
elaborated RTL design, the synthesized design, and the placed and routed design.

RTL elaboration of the top-level design runs RTL linting checks, performs high-level
optimizations, infers logic from the RTL and builds design data structures, and optionally
applies design constraints. In the default Out-of-Context deign flow, you can also have the
Vivado Design Suite include synthesized design checkpoints (DCPs) of IP cores, block
designs, DSP modules, or hierarchical blocks into the elaborated design.

TIP: Including the OOC modules into the elaborated design can add time to the elaboration process as

O the Vivado tool will synthesize any modules that are not up-to-date in the design. This feature can be
enabled or disabled under the Elaboration tab of the Project Settings dialog box. See Elaboration
Settings, page 39 for more information.

The Vivado Design Suite offers many analysis capabilities for an RTL design. For example,
you can:

« Visualize design details with Schematic and Hierarchy windows
« Cross probe between windows

* Run design rule checks (DRCs)

» Check messaging

« Search the RTL netlist produced with the Find command

« Create and apply constraints at the RTL level

Note: You cannot run timing analysis at this stage.
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Elaborating the Design in Project Mode

Enabled RTL source files in the project are elaborated automatically during synthesis. You
can also elaborate source files manually for constraint development and RTL netlist
exploration. The Messages window shows the messages from elaboration and compilation.
You can select the HDL language options used during elaboration in the Vivado IDE Project
Settings. For information, see General Settings in Chapter 2.

Elaboration results are not saved with the design. Every time you open the elaborated
design, it is re-elaborated. However, you can save any constraints that were created in the
elaborated design.

After design source files are imported into the project, use either of the following methods
to elaborate and open the design:

+ Select Flow > Open Elaborated Design.

« In the RTL Analysis section of the Flow Navigator, select Open Elaborated Design to
load the elaborated netlist, the active constraint set, and the target device into
memory.

To specify the design name to elaborate, use either of the following methods:

« Select Flow > New Elaborated Design.

« In the Flow Navigator, select New Elaborated Design from the RTL Analysis right-click
menu.

If there are out-of-context design modules, IP cores, block designs, DSP modules, in your
design sources, the message shown in Figure 4-1, page 91 may appear when you open an
elaborated design. The message indicates that the Link IP from OOC runs and Load
constraints options from the Elaboration Settings dialog box may impact the performance
of opening the elaborated design. You can disable these settings to speed elaboration.
Refer to Elaboration Settings, page 39 for more information.

Elaborate Design @

. . The current Elaboration settings allow you to perform If0 planning and constraint-related

'0-' wark with the elaborated netlist, but these settings slow down netlist elaboration.

—  If you are not performing IO pin planning you can change these settings from the
Elaboration page of the Project Settings dialog box.

Don't show this dialog agaire

[ oK J | Cancel

Figure 4-1: Elaborate Design Message
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When you open an elaborated design, the Vivado Design Suite automatically checks and
compiles the RTL source files, generates the top schematic view, and displays the design in
the default view layout. Figure 4-2 shows the RTL Schematic window with the default view
layout of the elaborated design.

T e[GOl e ST Vst 26T S—
He e fow T \ ot w1 Q s comnns
BE0OERXY S > U ALK L G Eoewton -] K & N O =

2 | | Haborated Design xduos0 fvatise 22 (actve) 2 X

RITL Netist 20w x I Project Summary X | ] Schematic X 20Oz x
3] NCels 1BUOPats 27Mets

4 Ptegrator

8 CreatedockDesgn

|/II+&O EEETZETLR YL

&b Sources {2 RTL Netlist

Number of cellpins: 4
Number of nets: 4

General | Properties | Statistics | Nets | CellPins | Chidren

_oex
H Report it

i ants  Stas s ™s s s s Faded Routes LUT " eRam wam osp Start Eopsed  Stawoy Pt
= 1 Motstarted Vivado Syn... xcku040-
A s Not tarted Vivado Inpi.. cku040-F5
4 Implementaton kcore  synth_ deson Complete! 0 o 0 o 0 G516 1M0GAM 000103 Vivado Synt... xR0
dhar ffo synth_desion Complete! n 155 0 3 0 IS/IS43PM 00:02:34 Vivado Synt... xckuDA0E
| et v

| | ETd Consde | © Messages | i Log | [ Reportz , 3 Design Runs

Figure 4-2: Elaborated Design in the RTL Schematic Window
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The Vivado IDE automatically identifies the top module for the design in most cases. In
some cases, where there might be multiple candidates, the tool prompts you to choose the
top module for the design. You can also manually define the top module by selecting Set as
Top from the right-click menu in the Sources window.

.
Note: In the Hierarchy view of the Sources window, the top module icon ## identifies the current

top module.

Tcl Command for Elaborating the Design in Project Mode
Following is the associated Tcl command:

e Tcl Command: synth_design -rtl -name <project_name>

* Tcl Command Example: synth_design -rtl -name rtl_1

Viewing Elaboration Messages

The Messages window displays the results of the compilation and flags irregularities in the
RTL source files under the Elaborated Design section (Figure 4-3).

You can filter the Messages window to display errors or warnings or informational
messages from the results of RTL elaboration. To enable or disable the display of Errors,
Critical Warnings, Warnings, or Informational messages, select a checkbox in the banner of
the Messages window.

You can select any of the warning or error messages in the Messages window to load the
corresponding RTL source file with the selected source code highlighted in the Vivado IDE

Text Editor.
Messages
O, [V 61warnings [V] () 397 infos [ | (D) 336 statuses Shaw Al
= - Vivade Commands (2 infos]
= - Elaborated Design (2 warnings, 76 infos|
(=8 j synth_design -t -name rd_1 (2 warnings, 76 infos)
{ _'I} th_d t t_1

i) [Synth 8-638] synthesizing module 'wave_gen' [wave gen.w:32] (29 more like this]

: i) [Synth 8-255] done synthesizing module 'TBUF' {1%1) [unisim comp.v:10256] (27 more like this)

oy i) [Synth 8-155] case statement is not full and has no default [cmd parse.v:355

:[@ + i) [Synth 8-3536] HOL ADVISOR - Pragma full_case detected. Simulation mismatch may occur [resp gen.v:213] (2 more like this]
i) [Synth 8-4512] found unpartitioned construct node [uart rx ctl.v:109] (1 more like this]

4100 Broiect 1-4541 Beadinn deinn checinnint ' Prodecte inrniect_wave rniect_ wave nnaidl core_gunth 1l core den' for o

{l]j 1) [Synth 8-2507] parameter dedaration becomes local in cmd_parse with formal parameter dedaration list [cmd parse.v:95
| H | £
= e

4

5 Td Conscle™, ' Messages | (5] Log | (2 Reports | 3 Design Runs

Figure 4-3: Elaborated Design Messages
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Analyzing the RTL Logic Hierarchy

The Vivado IDE provides the following views into the logical design hierarchy:

* RTL Netlist window: Shows an expandable logic tree.
« RTL Hierarchy window: Shows a graphical representation of the logic hierarchy.

« RTL Schematic window: Shows a view in which to explore the logic and hierarchy in a
schematic representation.

By default, when you elaborate a design by selecting Elaborated Design in the Flow
Navigator, the RTL Schematic displays for the entire design. All views cross-select offering a
unique set of capabilities to explore and analyze the logical design. For more information,
see the Vivado Design Suite User Guide: Using the Vivado IDE (UG893) [Ref 6].

Exploring the Elaborated Design Schematic

You can select any level of logic hierarchy in the RTL Netlist window and display it in the RTL
Schematic window. To invoke the RTL Schematic window for any selected logic, do one of
the following:

+ Select Tools > Schematic.

« In the RTL Netlist window, select Schematic from the right-click menu.

For more information on traversing, expanding, and exploring the RTL Schematic, see Using
the Schematic Window in the Vivado Design Suite User Guide: Using the Vivado IDE (UG893)
[Ref 6].

You can also use the Find command to search for logic objects in the elaborated design
using a range of filtering techniques. See Finding Design or Device Objects in the Vivado
Design Suite User Guide: Using the Vivado IDE (UG893) [Ref 6] for more information.

Using the RTL Hierarchy Window

The Vivado IDE includes an RTL Hierarchy window, which is useful for viewing the hierarchy
of a design. To invoke the RTL Hierarchy view for any selected logic, do one of the following:

« Select Tools > Show Hierarchy.

« In the RTL Netlist or Schematic window, select Show Hierarchy from the right-click
menu.

These windows have full cross probing support. Logic selected in the RTL Netlist or
Schematic window is highlighted in the RTL Hierarchy window.
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Exploring the RTL Source Files

You can select any logic element in the RTL Netlist view or Schematic and open the
instantiation of that object in the RTL source file it is instantiated in. You can also open the
definition of the logic in the RTL file it is defined in.

To open the instantiation or definition of any selected logic in the RTL source file, select the
object and select Go To Instantiation or Go to Definition from the right-click menu. The
Vivado IDE opens the appropriate source file with the specific instance highlighted.

Running Methodology Checks

The Vivado Design Suite provides automated methodology checks based on the UltraFast™
Design Methodology Guide for the Vivado Design Suite using the Report Methodology
command.

O RECOMMENDED: /t is highly recommended that you run these checks on your design and address any
issues identified.

You can generate a methodology report on an opened, elaborated, synthesized, or
implemented design. For an elaborated design, the methodology report checks the XDC
and RTL files. For information on running the methodology report using Tcl commands, see
this link command in the Vivado Design Suite Tcl Command Reference Guide (UG835) [Ref 4].

O RECOMMENDED: Running the methodology report allows you to find design issues early during the
elaboration stage prior to synthesis, which saves time in the design process.

Running Report Methodology

1. From the Flow Navigator under RTL Analysis, select Open Elaborated Design.

2. Once the design has been elaborated, select Report Methodology from the Flow
Navigator under RTL Analysis. Alternatively, select Tools > Report > Report
Methodology.

Note: Alternatively, you can enter this command in the Tcl Console: report_methodology
-name <results_name>.

3. In the Report Methodology dialog box (Figure 4-4), set these options, and click OK:

- Results name: Specify the name for the results, which appear in a tab in the
Methodology window. Entering a unique name makes it easier to identify the results
for a particular run during debugging.

- Output file: Optionally, to write the report to a file, check the Export to file box
and enter a file name. To select a path other than the default, use the browse
button.
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- New tab: By default a new tab is created for the report. To disable this option,
uncheck the Open in a new tab box.

¢ Report Methodology @ ]
Check the design for compliance to the UltraFast Design Methodology. ‘
Results pame: meihodology_ﬂ
Export to file:
| Open in a new tab

Figure 4-4: Report Methodology Dialog Box
Analyzing the Methodology Report

If violations are found, the Methodology window opens, as shown in Figure 4-5. The
window displays the violations, grouped under the various rule categories.

Methodology - methodology_1 (14 violations) ? O =
&, [/ 10 Warnings [V () 4 Advisories | Hide Al

MName Details

iy
= =-[m All Violations (14

- @ Clocking (4)
methodology_1 (14 violations) 4 ¢ B

5 Td Console | 0 Messages | G4 Log | [ Reports | 3» Design Runs, [3 Methodology

Figure 4-5: Report Methodology Window with Violations in the Elaborated Design

Reporting DRCs

The following sections describe selecting DRCs rules and analyzing DRC violations in the

Vivado IDE. For information on running DRCs using Tcl commands, see this link in the
Vivado Design Suite Tcl Command Reference Guide (UG835) [Ref 4]. For information on

creating custom DRCs, see the Vivado Design Suite User Guide: Using Tcl Scripting (UG894)

[Ref 3].

O RECOMMENDED: Running RTL DRCs enables you to find design issues early, during the elaboration
stage prior to synthesis, which saves time over the course of your design.
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Selecting DRC Rules

1. From the Flow Navigator under RTL Analysis, select Open Elaborated Design.

2. Once the design has been elaborated, select Report DRC from the Flow Navigator
under RTL Analysis. Alternatively, select Tools > Report > Report DRC.

Note: Alternatively, you can enter this command in the Tcl Console: report_drc -name
<results_name>.

3. In the Report DRC dialog box (Figure 4-6), set the following options, and click OK:

- Results name: Specify the name for the DRC results, which appear in a tab in the
DRC window. Entering a unique name makes it easier to identify the results for a
particular run during debug in the DRC window.

- Output file: Optionally, specify a file name for the DRC results. To select a path
other than the default, use the browse button.

- Rule deck: Specify a rule deck to run on the design. A rule deck is a collection of
design rule checks grouped for convenience. During elaboration only the default
rule deck is available. Other rule decks are available at different stages of the FPGA
design flow, such as after synthesis or implementation.

- default: Runs a default set of checks recommended by Xilinx.
- opt_checks: Runs checks associated with logic optimization.
- placer_checks: Runs checks associated with placement.
- router_checks: Runs checks associated with routing.
- bitstream_checks: Runs checks associated with bitstream generation.
- timing_checks: Runs checks associated with timing constraints.
Note: The timing_checks rule deck is not supported for elaborated designs.
- incr_eco_checks: Checks validity of incremental ECO design modifications.

- eco_checks: Checks validity of engineering change order (ECO) design
modifications.

Note: For elaborated designs, only the default rule deck is available.

- Rules to Check: After specifying a rule deck, modify the rules to run as needed.
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Figure 4-6:

Analyzing DRC Violations

Report DRC Dialog Box

If violations are found, the DRC window opens, as shown in Figure 4-7. The DRC window
displays the rule violations found, grouped under the various rule categories defined in the

Run DRC dialog box.

DRC - drc_1 (34 violations)
Q, [7] (1) 34 Warnings | Hide Al

=
Name

i B

1 All Violations (34)
in Planning (1)

1) CFGBYS-1 (1)
mplementation (1)
@ Placement (1)
Metlist (32)
@ Instance (32)

'r"r"SJ

= Td Console

Figure 4-7:
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The rule violations are categorized by severity and are color coded as follows:

« Advisory: Provides general status and feedback on design processing. o

« Warning: Indicates that design results might be sub-optimal, because constraints or
specifications might not be applied as intended. (1

« Critical warning: Indicates that certain user input or constraints will not be applied or
do not adhere to best practices. It is highly recommended that you examine these
issues and make changes. (&

Note: Critical warnings are promoted to errors during bitstream generation.

« Error: Indicates an issue that renders design results unusable and cannot be resolved
without your intervention. The design flow stops. &

TIP: You can toggle the Hide Warnings and Informational Messages toolbar button \\ to turn off
O warnings and informational messages to see only the errors reported.

You can list DRC violations individually or group violations by rule. To change the display,
click the Group By Rule toolbar button |*%. When violations are listed individually, you can

click the header of the Severity column to sort violations by severity. To sort the column:

« Click the column header to sort data in the table in an increasing order.
« Click the column header again to sort the data in the table in a decreasing order.

Note: For more information, see the Vivado Design Suite User Guide: Using the Vivado IDE
(UG893) [Ref 6].

When you select a violation message in the DRC window, the objects associated with the
violation are cross-selected in other open windows, such as the Netlist or Schematic
windows. This lets you quickly locate and examine the elements of the design that are
associated with a specific violation.
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In addition, the violation properties are shown in the Violation Properties window

(Figure 4-8) by default. In the DRC window, you can also select Violation Properties from
the right-click menu to open the Violation Properties window. The Violation Properties
window shows both a General view of the DRC rule violation and specific Details of the
design elements that violate the rule. The Details view includes links to specific design
objects that violate the DRC. Click the links to view the design object in the RTL Netlist
window, the Device window, the Schematic window, or the source RTL file.

DRC - drc_1 (34 violations)

O, [7] (D 34 Warnings [ Hide Al |

MName Details
=l All Viclations (34)

Pin Planning (1)

| @-() CFGBYS-1(1)

Implementation (1]

@ Placement (1)
i Metlist (32)
@ Instance (32)

5 Td Console | (0 Messages | (4 Log | 2 Reports | 3» Design Runs-_ &2 DRC

Figure 4-8: Violation Properties Window
Tcl Command for Running RTL DRCs

Following is the associated Tcl command:

* Tcl Command: report_drc
* Tcl Command Example: report_drc -name drc_1

Note: By default, a text-based report is produced. You can use the -name option to create an
interactive tab for the report.
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Elaborating the Design in Non-Project Mode

In Non-Project Mode, you can perform elaboration of the RTL. You can also cross probe
back to the RTL and run DRCs. Cross probing requires that you load the Vivado IDE using
the start_gui Tcl command. You can perform DRCs with or without the Vivado IDE.

Following is a script that sources various files and elaborates the RTL using the
synth_design Tcl command with the -rt1 option. The script also loads the Vivado IDE so
you can cross probe back to the RTL source from the schematic or netlist.

Note: When you load Vivado IDE in Non-Project Mode, there is no Flow Navigator. Instead, you
must use the Tools menu and Tcl Console to accomplish tasks.

create_bft_batch.tcl
bft sample design
A Vivado script that demonstrates a very simple RTL-to-bitstream batch flow

NOTE: typical usage would be "vivado -mode tcl -source create_bft_batch.tcl"

STEP#0: define output directory area.

HH o H H H H H FHF

set outputDir ./Tutorial_Created_Data/bft_output

file mkdir SoutputDir

#

# STEP#1: setup design sources and constraints

#

read_vhdl -library bftLib [ glob ./Sources/hdl/bftLib/*.vhdl ]
read_vhdl ./Sources/hdl/bft.vhdl

read_verilog [ glob ./Sources/hdl/*.v ]

read_xdc ./Sources/bft_full.xdc

#

# STEP #2 Elaborate the RTL and start the GUI for interaction
#

synth_design -top bft -part xc7k70tfbg484-2 -rtl

start_gui

# Use stop_gui to quit the GUI and return back to the Vivado IDE Tcl command line
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Chapter 5

Debugging the Design

Overview

Debugging an FPGA design is a multi-step, iterative process. Like most complex problems,
itis best to break the FPGA design debugging process down into smaller parts, for example,
by focusing on making a smaller section of the design work rather than trying to make the
whole design work at one time. An example of a proven design and debug methodology is
to iterate through the design flow, adding one module at a time and making it function
properly in the context of the whole design. You can use this design and debug
methodology in any combination of the following design flow stages:

« RTL-level design simulation
+ In-system debugging

In addition to using the Set up Debug wizard, you can also use Tcl commands to create,
connect, and insert debug cores into your synthesized design netlist. For more information
on debugging, see the Vivado Design Suite User Guide: Programming and Debugging
(UG908) [Ref 17].

RTL-Level Design Simulation

You can functionally debug the design during the simulation verification process. Xilinx®
provides a full design simulation feature in the Vivado® simulator. You can use the Vivado
simulator to perform RTL simulation of your design. The benefits of debugging your design
in an RTL-level simulation environment include full visibility of the entire design and the
ability to quickly iterate through the design and debug cycle. For more information on how
to configure and launch simulation, see the Vivado Design Suite User Guide: Logic
Simulation (UG900) [Ref 10].
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In-System Debugging

The Vivado IDE also includes a logic analysis feature that enables you to perform in-system
debugging of the post-implemented design an FPGA device. The benefit of in-system
debugging is that you are able to debug a timing-accurate, post-implemented design in the
actual system environment at system speeds. The limitations of in-system debugging
includes somewhat lower visibility of debug signals compared to using simulation models
and potentially longer design, implementation, and debug iterations, depending on the size
and complexity of the design.

The Vivado IDE provides several different ways to debug your design. You can use one or
more of these methods to debug your design, depending on your needs. For more
information, see the Vivado Design Suite User Guide: Programming and Debugging (UG908)
[Ref 17].
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Appendix A

Board Interface File

Introduction

The Board Interface file uses an XML format to define information about system-level
boards that use or include Xilinx devices. The information contained in the Board Interface
file can be used by the Vivado Design Suite, and Vivado IP integrator, to facilitate and
validate connection of the Xilinx device to the board. This chapter discusses the different
sections of the board file and their usage.

The examples shown in this Appendix use the Xilinx® Kintex®-7 KC705 evaluation board to
show details of the board file. This evaluation board can be found at the following location
in the Vivado Design Suite software installation:

<install_dir>/Vivado/<version>/data/boards/board_files/kc705/<board_version>

Where <install_dir> is the directory the Vivado Design Suite was installed into, <version> is
the software version, and <board_version> is the latest version of the board.

TIP: You can edit an existing Vivado® Design Suite board file from the installation directory, using an
O XML editor or text editor, as an easy way to create a new board interface file.

The board file uses standard XML elements to define the board. As such, XML tags are used
to define elements of the board, and must have opening <tags> and closing </tags>.

<board>
</board>

Elements of the Board Interface file can have child elements, or nested elements, to define
a hierarchy of elements as shown:

<board>
<component>
<pins>
</pins>
</component>
</board>
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Elements without content, or without nested elements, can be self-closing using an
alternate syntax, and do not require the closing </tag>. These elements use the following
syntax:

<net index="17" typical_delay="6" min_delay="4" max_delay="8"/>

The closing tag is implied by the “/>" that finishes the line. You will see this syntax
occasionally used in the examples from the KC705 Board Interface file.

Elements of the board, defined by <tags>, may also have various attributes defined as:

<board name="XYZ” version="1.2">

Attribute values must be in quotation marks (name="KC705").

f IMPORTANT: XML is case-sensitive, so <tags> and ‘attributes=" must be entered as specified.

For more information regarding XML standards and conventions, refer to
http://www.w3.0org/XML/, or another appropriate source.

Understanding the Platform Board Flow

The Vivado Design Suite lets you create projects using Xilinx Target Design Platform (TDP)
boards, or boards defined in the Board Interface file format, that have been added to a
board repository. When you select a specific board, the Vivado design tools enable
additional features to provide designer assistance as part of IP customization, and for
creating IP integrator designs. See Using the Vivado Design Suite Platform Board Flow in
Chapter 2 for more information on this flow.

Elements of the Platform Board Flow
The list of files used in the Vivado Design Suite platform board flow include the following:

« Board Interface file: The Board Interface file is the file described in this appendix, and
must be named board.xml. It lists the components used on a system-level board,
including the Xilinx device, defines the different operating modes supported by those
components, lists the signal interfaces implemented by those components, lists the
preferred IP to implement those interfaces in a design project, and maps the logical
ports of the interface definition to the physical ports and component pins of the Xilinx
device.

Xilinx standard board definitions can be found at the following location in the Vivado
Design Suite software installation:

<install_dir>/Vivado/<version>/data/boards/board_files

System-Level Design Entry N Send Feedback 105
UG895 (v2016.4) November 30, 2016 www.xilinx.com [—\/—]



https://www.xilinx.com
http://www.xilinx.com/about/feedback.html?docType=User_Guides&docId=UG895&Title=Vivado%20Design%20Suite%20User%20Guide%3A%20System-Level%20Design%20Entry&releaseVersion=2016.4&docPage=105

8 XILINX Appendix A: Board Interface File

ALL PROGRAMMABLE

Where <install_dir> is the directory the Vivado Design Suite was installed into, and
<version> is the software version.

You can create user-defined Board Interface files by using the Xilinx standard board
definition files as a starting point for customization. User-defined or third-party Board
Interface files, and associated files, can be added to a board repository for use by the
Vivado Design Suite by setting the following parameter when launching the Vivado tool:

set_param board.repoPaths [list “<pathl>" “<path2>" “..."]

Where <path> is the path to a directory containing a single Board Interface file and files
referenced by the board.xml file, such as part0_pins.xml and preset.xml. The
<path> can also specify a directory with multiple subdirectories, each containing a
separate Board Interface file. For example:

set_param board.repoPaths [list "C:/Data/usrBrds" "C:/Data/othrBrds"]

TIP: You should define the board.RepoPaths parameter in your init. tcl file, or soon after opening
O the Vivado Design Suite. For more information about the init. tc1 file refer to this link in the Vivado
Design Suite Tcl Command Reference Guide (UG835) [Ref 4].

« Pins file: Maps the component pin name on the Xilinx device, as found in the
<port_map> of the Board Interface file, to a physical pin location on the device
package. This facilitates I/O assignment of signals coming into the Xilinx device to pins
on the packaged part. This file is located in the board repository, in the same folder or
directory as the Board Interface file.

« Preset file: Provides a list of predefined IP configuration options for the different IP
used to implement bus interfaces in a design project. The preset file is used by the
Vivado Design Suite when the IP is customized from the IP catalog and added into the
design. This file is located in the board repository, in the same folder or directory as the
Board Interface file.

« Interface file: Defines the logical ports and attributes of the signals that make up the
interface file. A bus interface is a grouping of signals that share a common function.
Interface definitions provide the capability to group functional signals to quickly define
connections between IP in a Vivado IP integrator block diagram. For more information
refer to this link in the Vivado Design Suite User Guide: Designing IP Subsystems Using IP
Integrator (UG994) [Ref 13].

Xilinx standard interface definitions can be found at the following location in the Vivado
Design Suite software installation:

<install_ dir>/Vivado/<version>/data/ip/interfaces

You can also define custom interfaces using the Vivado IP packager, as described here in
the Vivado Design Suite User Guide: Creating and Packaging Custom IP (UG1118) [Ref 12].
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« IP file: The IP definition is stored in an XML file based on the IP-XACT standard,

component .xml, which includes a list of logical ports and bus interfaces found on the

IP core, that can be connected to the interfaces implemented by the system-level

board.

Xilinx IP definitions can be found in the Vivado Design Suite software installation:

<install_ dir>/Vivado/<version>/data/ip/interfaces

Defining Board Interface Files

Board

The <board> tag is the root of the board file. It includes attributes to identify basic
information about the board.

<board schema_version="2.1" vendor="xilinx.com" name="kc705" display_name="Kintex-7

KC705 Evaluation Platform" url="www.xilinx.com/kc705" preset_file="preset.xml"

board_image="kc705_board.jpeg">
<file_version>1.2</file_version>
<description>Kintex-7 KC705 Evaluation Platform</description>

The attributes of the <board> tag, and their usage are:

Table A-1: <board> Attributes and Tags

Tag

Usage

Example (KC705)

schema_version=

Identifies the schema version of the
board file. The latest version of the
schema is 2.1.

schema version="2.1"

vendor=

Web address of the board provider.

vendor="xilinx.com"

name=

Short name, which forms part of the
key for selection of the board. This is
different from the board description
described later in the chapter.

name="kc705"

display_name=

Name as given in the Display Name
column in the list of boards
displayed in the Select Device dialog
box in the Vivado IDE.

display name="Kintex-7 KC705
Evaluation Platform"

all presets for each interface as
applicable. For more information on
how the preset_file is organized,
please refer to Understanding
Preset Files, page 124.

url= Web address for board specific url="www.xilinx.com/kc705"
information.
preset_file= Preset file name, whichisused to list | preset file="preset.xml"
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Tag

Usage

Example (KC705)

board_image=

Specifies a JPG file to be used when
displaying the board in the Project
Summary window in the Vivado
IDE.

kc705_board.jpeg

<file_version>

Specifies the version of the Board
Interface file as a version.revison
number. The <file_version> should
be increased for any changes made
to the current board file:

« Update the revision for minor
changes.

« Update the version for significant
changes.

1.2

<description>

A short description of the board
defined by the file.

Kintex-7 KC705 Evaluation Platform

The following attributes and tags are mandatory when defining the <board>:
schema_version, vendor, name, display_name, <file_version>, and
<compatible_board_revisions>.

TIP: The “preset_file=" attribute is optional, but is required to support the generic preset mechanism.
O See Understanding Preset Files, page 124 for more information.

First-level Tags in the Board File

The following table lists the first-level tags that can be nested under the <board> tag of
schema version 2.1 of Board Interface file:

Table A-2: First-level Tags

Tag

Usage/Description

<compatible_board_revisions>

Lists all revisions of the board to which this board file applies. See
Compatible Board Revisions, page 109 for details.

<parameters> Parameters define features or properties of the board. See
Parameters, page 109 for details.

<jumpers> Defines jumpers found on the board. See Jumpers, page 110 for
details.

<components> Defines the various components present on the board. Components

include FPGA devices, DDR, QSPI flash, FMC, etc. For more
information, please refer Components, page 111.

<jtag_chains>

Boards can have multiple JTAG chains. Each chain can include several
components as detected by Vivado Hardware Tools. The
<jtag_chains> tag identifies the position of each componentin a
JTAG chain. For more information, see JTAG Chains, page 120.
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Table A-2: First-level Tags

Tag Usage/Description

<connections> Describes connections between components ex: partO(FPGA) and
LED. See Connections, page 120 for details.

<ip_associated_rules> Limits the choices of available board interfaces for specific IP. See IP
Associated Rules, page 121.

Compatible Board Revisions

This tag lists the compatible revisions of the board that the current Board Interface file
applies to. Changes to the physical board may also trigger changes in board file, and
therefore a new board <file_version>. However, revisions to the Board Interface file may not
require revisions to the physical board; and revisions to the physical board can include
changes that do not necessitate an updated board file. Therefore it is possible for a board
file to support multiple revisions of a physical board.

TIP: Revisions to the board are possible without triggering revisions to the board file. Therefore a
O specific board file can be used to define multiple board revisions.

The <compatible_board_revisions> tag includes one or more <revision> tags that list the
supported board revisions:

<revision id="0">1.1</revision>

The <revision> tag includes an index "id" for each revision listed in the
<compatible_board_revisions > tag. In the following example, the id is "0", and “1.1" is a
supported revision of the board.

<compatible_board_revisions>
<revision id="0">1.l</revision>
</compatible_board_revisions>

Parameters

The <parameters> tag is used to list miscellaneous parameters of the board. It includes one
or more nested <parameter> tags that define different features or properties of the board.

Each <parameter> includes multiple attributes as defined in Table A-3.

<parameters>
<parameter name="heat_sink_type" value="medium" value_type="string"/>
<parameter name="heat_sink_temperature" value_type="range" value_min="20.0"
value_max="30.0"/>

</parameters>
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Table A-3: parameter Attributes
Tag Usage/Description Example (KC705)

name= Name of an interface parameter name="heat_sink_temperature”
used to configure connected IP
cores.

value_type= Type of parameter: string or range | value_type="range”

value= Defines the value of string-type value="medium”
parameter.

value_min=/value_max= Min and Max values of range-type | value_min="20.0"
parameter. value_max="30.0"

Jumpers

The <jumpers> section lists all the jumpers present on the board, that can affect the
<components> or <interfaces> on the board. The <jumpers> tag includes multiple nested

<jumper> tags.

O TIP: Please note that switches on the board are also defined using the <jumpers> tag.

<jumpers>

<jumper name="SW13_MO0" default_value="false">
<description>Impacts connection between flash gspi and flash bpi.If

value=true,
</Jjumper>

<jumper name="SW13_M1" default_value="true">
<description>Impacts connection between flash_gspi and flash bpi.If

value=true,
</jumper>
</jumpers>

flash _gspi will be enabled</description>

flash bpi will be enabled</description>

A short description of the attributes and tags of the <jumper> tag are provided below.

Table A-4: jumper Attributes and Tags
Tag Usage/Description Example (KC705)
name= Name of the jumper or switch on the | name="SW13_MO0"

board.

default_value=

Default value of the jumper or
switch.

default_value="false"

<description>

A short note on how this jumper
impacts different connections on
board.

<description>Impacts connection
between flash_gspi and flash_bpi. If
value=true, flash_gspi will be
enabled. </description>
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Components

IMPORTANT: The <component> section forms a very important part of the board file because it defines
the components found on the board, as well as different operating modes of the components, and the
settings needed to enable these modes.

This section gives a list of all the components present on the board, as well as details such
as part name, type of component, and vendor. Some examples of components include Xilinx
FPGA, DDR3, Quad SPI flash, Ethernet Phy, LED, and DIP Switches. The <components>
section includes one or more nested <component> tags.

<components>
<component name="part0" display name="Kintex-7 KC705 Evaluation Platform"
type="fpga" part_name="xc7k325tffg900-2" pin_map_file="part0_pins.xml"
vendor="xilinx" spec_url="www.xilinx.com/kc705">
<description>FPGA part on the board</description>
</component>
<component name="ddr3_sdram" display_name="DDR3 SDRAM" type="chip" sub_type="ddr3"
major_group="External Memory" part_name="MT8JTF12864HZ-1G6Gl" vendor="Micron"
spec_url="www.micron.com/memory">
<description>1 GB DDR3 memory SODIMM </description>
</component>
</components>

In the KC705 board file the first declared component is "part0”, which is the Xilinx FPGA
device. Xilinx devices on the board, listed as “fpga” type components, should be named
sequentially starting with part0. Additional <component> elements define the other
components on the board, and any interfaces needed to connect from the Xilinx device to
the board component.

The different attributes and <tags> of the <component> tag are explained in the following
table:

Table A-5: component Attribute and Tags

Tag Usage/Description Example (KC705)
name= Name of the component. name="part0"
display_name= The name displayed in the Board tab | display name="Kintex-7 KC705
of the Vivado IP integrator. Evaluation Platform"
type= Type of part: type="fpga"

“fpga” - Specifies the Xilinx FPGA
parts on the board.

“chip” - Defines all components
which have a chip on the board,
except FPGAs or FMC connectors.
Examples of chips include
ddr3_sdram and linear_flash.

“connector” - Defines FPGA
Mezzanine Card (FMC) connectors.
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Table A-5: component Attribute and Tags
Tag Usage/Description Example (KC705)
sub_type= Subtype of the component sub_type="ethernet"

major_group=

Major group that the component is a
part of. The Board tab in the Vivado
IP integrator organizes components
of the board according to the
major_group. See Figure A-1,

page 113.

major_group="ethernet"

part_name=

Part identifier.

Note: For type=fpga, the part_name
must be a valid Xilinx supported part, or
the board files will not be loaded into the
Vivado Design Suite.

part_name="xc7k325tffg900-2"

pin_map_file=

A file where the constraints for each
pin are provided. Refer to Pin Map,
page 119 for more information.

pin_map_file="part0_pins.xml"

vendor=

Vendor of the part.

vendor="xilinx"

spec_url=

URL for the device specification or
other information related to the part.

spec_url="www.xilinx.com/kc705"

<description>

Short description of the component.

<description> FPGA device on the
board. </description>

component.

<parameters> Lists parameter name and value Refer to Parameters for details and
pairs. examples.
<pins> List of pins identified for the See Pins for details and examples.

<component_modes>

Modes specific to the defined
<component>.

See Component Modes, page 114 for
details and examples.

<interfaces>

Defines the interfaces implemented
by the specified component.

See Interfaces, page 115 for more
information and examples.

The <components> defined in the Board Interface file are listed in the Board tab of the
Vivado IP Integrator, as shown in Figure A-1, page 113. The components are grouped
according to the ‘major_group=" attribute of the <component> element, and the
‘display_name="is displayed.
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Figure A-1: Board tab in Vivado IP Integrator

Double-clicking a component in the Board tab opens the Connect Board Component
dialog box in the Vivado IP integrator. This lets you select the preferred IP to add into the
design canvas of the block diagram, to implement the necessary signal interfaces to connect
to the component on the board.

Parameters

Parameters of a <component> are used to specify added details of the component, like
clock frequency for clock components. The <parameters> section can include one or more
<parameter> tags nested within. Each <parameter> has a "name" and "value" attribute pair.

<parameters>
<parameter name="frequency" value="200000000" /parameter>
</parameters>

f IMPORTANT: The <parameters> for the <board> objects have different attributes from the
<parameters> for <component> objects.

Pins

The <pins> section lists all the pins on the defined <component>, as well as properties
associated with those pins. The <pins> section can include one or more <pin> tags nested
within.
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mn

The same properties can be defined with the <component pin_map_file=""> attribute.
However, the property values defined in the <pins> section take precedence over the
property values defined in the "pin_map_file=".

TIP: You can use the <pins> section to define all the pins of a <component>, and eliminate the need for
O a “pin_map_file”.

The <pins> section lets you override the general pin properties defined in the
“pin_map_file” with specific property values for specific circumstances. For instance, when
pins with different properties, like IOSTANDARD, share the same pins of an FPGA (or any
other component) through a switch or a jumper, the pin properties can be defined in the
<pins> section to override the pin properties defined in the “pin_map_file” for the same pin.

<pins>
<pin index="0" name="rs232_uart_USB_TX" iostandard="LVCMOS25"/>
<pin index="1" name="rs232_uart_USB_RX" iostandard="LVCMOS25"/>
</pins>

Component Modes

The <component_modes> section describes the different modes in which a component can
be used. The <component_modes> section can include one or more <component_mode>
tags nested within. Each component mode includes details like associated interfaces,
preferred IP, and enabling dependencies.

<component name="phy onboard" display_name="Onboard PHY" type="chip"
sub_type="ethernet" major_group="Ethernet Configurations"
part_name="M88E1111_BAB1C000" vendor="Marvell" spec_url="www.marvell.com">
<description>PHY on the board</description>
<parameters>
<parameter name="devicetree_vendor" value="marvell"/>
</parameters>
<component_modes>
<component_mode name="mii" display_name="MII mode">
<description>To enable this mode jumpers need to be {J29_P1l_P2 true}
{J30_P1_P2 true} {J64 false}</description>
<interfaces>
<interface name="mii" order="0"/>
<interface name="mdio_io" order="1" optional="true"/>
<interface name="phy reset_out" order="2" optional="true"/>
</interfaces>
<preferred_ips>
<preferred_ip vendor="xilinx.com" library="ip" name="axi_ethernet"
order="0"/>
</preferred_ips>
</component_mode>
<component_mode name="gmii" display name="GMII mode">
<description>To enable this mode jumpers need to be {J29_P1l_P2 true}
{J30_P1_P2 true} {J64 falsel}</description>
<interfaces>
<interface name="gmii"/>
<interface name="mdio_io"/>
<interface name="phy_ reset_out" optional="true"/>
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</interfaces>
<preferred_ips>
<preferred_ip vendor="xilinx.com" library="ip" name="axi_ethernet"
order="0"/>
</preferred_ips>
</component_mode>
</component>

When one mode of the component is selected in Board Tab, all the interfaces listed in this
mode are automatically added in IPI. Order for interface in a mode defines the order in
which the interfaces should be connected. If no order is mentioned, interfaces will be added
in IPI in the order mentioned in list.

For <interfaces> listed under a <component_mode>, the ‘optional="attribute helps in the
filtering of IP when you connect the interface in the Board tab of Vivado IP integrator. The
default value is “optional=false”, meaning that the IP must have this interface listed for the
mode being used. If “optional=true” the interface is not required for the specified mode.
When “optional=true"”, any IP which has the required interfaces, but not the optional
interfaces, will also be listed for use with the component mode being used.

<interfaces>
<interface name="mii" order="0"/>
<interface name="mdio_io" order="1" optional="true"/>
<interface name="phy_ reset_out" order="2" optional="true"/>
</interfaces>

TIP: Preferred IPs mentioned in <component_modes> have a higher priority than the ones mentioned
O in individual <interfaces>.

The <enablement_dependencies> list the jumper settings required to enable a specific
<component_mode>. The information regarding the jumper settings to use on the board,
based on selected component modes, is available in the Vivado Design Suite.

<enablement_dependencies>
<jumpers>
<jumper name="J29_Pl_P2">true</jumper>
<jumper name="J30_P1l_P2">true</jumper>
<jumper name="J64">false</jumper>
</jumpers>
</enablement_dependencies>

Interfaces

ﬁ IMPORTANT: Interfaces can only be defined inside a <component> of type="fpga”.

The interfaces section provides a listing of all the physical interfaces available on a
<component>. The <interfaces> section contains one or more <interface> tags nested
within. An interface is defined by multiple ports through use of the <port_map> tag.
Interfaces can be defined only inside a <component> of "type=fpga". For more information
refer to Port Map, page 117.
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The following is a partial example of the dip_switches_4bits interface definition from the

KC705 board definition file:

<interfaces>
<interface mode="master" name="dip_switches_4bits"
type="xilinx.com:interface:gpio_rtl:1.0" of_component="dip_switches">
<description>4-position user DIP Switch</description>
<preferred_ips>
<preferred_ip vendor="xilinx.com" library="ip" name="axi_gpio" order="0"/>
</preferred_ips>
<port_maps>
<port_map logical_port="TRI_I" physical_port="dip_switches_tri_i" dir="in"
left="3" right="0">
<pin_maps>
<pin_map port_index="0" component_pin="GPIO_DIP_SWO0"/>
<pin_map port_index="1" component_pin="GPIO_DIP_SW1"/>
<pin_map port_index="2" component_pin="GPIO_DIP_SW2"/>
<pin_map port_index="3" component_pin="GPIO_DIP_SW3"/>
</pin_maps>
</port_map>
</port_maps>
</interface>
<interface ..>

</interface>
</interfaces>

Interface

f IMPORTANT: /nterface names must be defined using all lower case letters.

The following are attributes and <tags> of the <interface>.

Table A-6: interface Attributes and Tags

Tag Usage/Description Example (KC705)

mode= Indicates the logical direction of the master
interface. Typically, the mode will be
set to "master”, but in cases like clocks
and reset where the logical direction is
for the signals to be input to the FPGA,
the mode is marked as "slave".

name= A unique name to identify the interface | dip_switches_4bits
definition in the board file. This name
will also be used to drive connection
automation, and be seen on the
connected port in the block diagram.
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Table A-6: interface Attributes and Tags

Appendix A: Board Interface File

Tag

Usage/Description

Example (KC705)

type=

Specifies the type of the interface from
a standard set of interface types
supported by the Vivado Design Suite.

These standard bus interfaces are
defined on Xilinx IP cores, to enable
easy it connection of the IP or block
design to the board.

The list of available bus interface types
can be found in the Vivado Design
Suite installation:
<install_location>/Vivado/
<version>/data/ip/interfaces

xilinx.com:interface:gpio_rtl:1.0

of_component=

Names the associated component from
the <components> section.

dip_switches

<description>

A brief description of the interface.

4-position user DIP Switch

<preferred_ip>

Lists the preferred IP to connect to, in
VLNV (or VLN) format.

Note: The version of the IP is not required
as the Vivado tool will pick the latest
version.

vendor="xilinx.com" library="ip'
name="axi_gpio" order="0"

order=

Specifies the priority of the
preferred_ip for the interface. The
priority counts down, with 0 being the
highest priority.

preset_proc=

Specifies predefined configuration
options for IP implementing the
specified interface. Refer to
Understanding Preset Files, page 124
for more information.

preset_proc="emc_preset"

<port_map>

Maps the logical pins of an interface to
the physical ports of the Xilinx device.

See Port Map, page 117 for details
and examples.

Port Map

Each interface is further broken down into individual port_maps. These port maps serve as
a map of a logical port, that is defined in the interface, with a physical port, that relates to
a physical package pin on the Xilinx device.

<port_map logical_port="TRI_I" physical_port="dip_switches_tri_i" dir="in" left="3"

right="0">

<pin_maps>
<pin_map port_index="0"
<pin_map port_index="1"
<pin_map port_index="2"
<pin_map port_index="3"

</pin_maps>

</port_map>

System-Level Design Entry
UG895 (v2016.4) November 30, 2016

component_pin="GPIO_DIP_SW0"/>
component_pin="GPIO_DIP_SW1"/>
component_pin="GPIO_DIP_SW2"/>
component_pin="GPIO_DIP_SW3"/>

l Send Feedback I 117

www.Xilinx.com



https://www.xilinx.com
http://www.xilinx.com/about/feedback.html?docType=User_Guides&docId=UG895&Title=Vivado%20Design%20Suite%20User%20Guide%3A%20System-Level%20Design%20Entry&releaseVersion=2016.4&docPage=117

& XILINX

ALL PROGRAMMABLE

Table A-7: port_map Attributes and Tags

Appendix A: Board Interface File

Tag

Usage/Description

Example (KC705)

logical_port=

Logical port names are found on the
bus interface definition. Predefined
interfaces can be found in the
Vivado Design Suite installation. For
example, the GPIO interface
definition is found at:
<install_location>\Vivado\
<version>\data\ip\interfaces\
gpio_vl 0

TRILI

physical_port=

Provides the mapping to port names
defined on the board interface in
the subsequent section.

physical_port can be a std_logic or
std_logic_vector.

dip_switches_tri_i

dir= Each port has a direction. Allowed
values are in, out, and inout.

left= The high index on the port. For
example, a 4-bit bus port [3:0] will
be marked as 3.

right= The low index for a port. For

example, a 4-bit bus port [3:0] will
be marked as 0.

<pin_maps>

Maps the physical port of a Xilinx
device to a specific pin of the
packaged part.

See Pin Map, page 119 for details
and examples.
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Pin Map

In the <pin_maps> section, each physical port is broken down into one or more individual
pins. The number of pins in the pin map is determined by the width of the port being
mapped. Pins can be shared across different physical ports of the interfaces they are
defined in.

Each <pin_map> has a port_index attribute, that maps to an index of the bus port, and a
component_pin attribute, that maps to a package pin on the Xilinx device. These are defined
as follows:

Table A-8: pin_map Attributes

Tag Usage/Description Example (KC705)

port_index= Indicates the index of a bus port that | 3
is defined in the <port_map>. This
is a numeric value within the range
defined by the width of port.

component_pin= Name of the component pin on the | GPIO_DIP_SWO0
Xilinx device. The component_pin
name maps to the name= attribute
in the part0_pins.xml file of the
FPGA-type <component>. The
part0_pins.xml file is located in
the same folder as the Board
Interface file.

The Pin Map file, commonly named part0_pins.xml, lists the pin names of the Xilinx
device, or "fpga” type <component>, and defines the IOSTANDARDs and package pin
locations for these component pins. The format of the pins defined in the Pin Map file is as
follows:

<part_info part_name="xc7k325tffg900-2">
<pins>
<pin index="0" name="GPIO_DIP_SW0" iostandard="LVCMOS25" loc="Y29"/>
<pin index="1" name="GPIO_DIP_SW1l" iostandard="LVCMOS25" loc="W29"/>
<pin index="2" name="GPIO_DIP_SW2" iostandard="LVCMOS25" loc="AA28"/>
<pin index="3" name="GPIO_DIP_SW3" iostandard="LVCMOS25" loc="Y28"/>
</pins>

In the Pin Map file, the following attributes are used to define I/O related constraints for
each of the <pins> found on the Xilinx device:

Table A-9: Attributes of the Pin Map File

Tag Usage/Description Example (KC705)

index= An index assigned to the <pin> 0
object in the Pin Map file.

name= The component pin name on the GPIO_DIP_SW?2
Xilinx device, used in the Board
Interface file.
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Table A-9: Attributes of the Pin Map File

Tag Usage/Description Example (KC705)

iostandard= A valid IOSTANDARD for the Xilinx | LVCMOS25
device pin, as defined by the board
designer. Valid values include
IOSTANDARDs supported by the
Vivado Design Suite for the specific
component pin.

loc= The pin location on the Xilinx device | Y29
package.

JTAG Chains

This lists the different JTAG chains available on the defined board. Each chain is listed under
<jtag_chain> along with a name for the chain, and the <position> tag that defines the name
and position of components in the chain:

<jtag_chains>
<jtag_chain name="chainl">
<position name="0" component="part0"/>
</jtag_chain>
</jtag_chains>

The <jtag_chain> tag specifies the name of the chain with the name= attribute.

The <position> tag lists each component in the <jtag_chain>. Details are given in below
table:

Table A-10: position Attributes

Tag Usage/Description Example (KC705)
name= Indicates the sequence of 0
components in the jtag chain.
component= Indicates the component on the Part0
board.
Connections

The <connections> section defines the connections between different components. The
<connection> tag identifies two components associated with a connection. The
<connection_map> tag describes the bus connection between the two components. The
details of a <connection> are used by the Vivado Design Suite to look up corresponding
constraints in the part0_pins.xml file when one of the components is the FPGA type
<component>.

<connections>
<connection name="part0_dip" componentl="part0" component2="dip_switches">
<connection_map name="partO_dip_1" typical_delay="5" cl_st_index="0"
cl_end_index="3" c2_st_index="0" c2_end_index="3"/>
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</connection>
</connections>

A <connection> can have the following attributes:

Table A-11: connection Attributes

Appendix A: Board Interface File

Tag Usage/Description Example (KC705)
name= Name given to the connection. part0_dip
componentl= The first component in the part0
connection.
component2= The second component in the dip_switches
connection.

The <connection_map> has the following attributes:

Table A-12: connection Attributes

Tag Usage/Description Example (KC705)
typical_delay= The delay on the connection
between components.
cl_st_index= This is the <pin> index of the

starting pin in the connection for
componentl.

Note: If componentl is an FPGA, this
index is taken from the
part0_pins.xml file.

cl_end_index=

This is the <pin> index of the final
pin in the connection for
componentl.

c2_st_index=

This is the <pin> index of the
starting pin for component2.

c2_end_index=

This is the <pin> index of the final
pin in the connection for
component2.

IP Associated Rules

The <ip_associated_rules> tag is used to define a preferred board interface, or a prioritized
list of board interfaces that can be assigned to the IP interfaces on a specific IP. This tag is

new in the 2.1 schema version of the Board Interface File.

The Designer Assistance feature of the Vivado IP integrator tool lists the available board
interfaces for a given IP interface. See the following link in the Vivado Design Suite User
Guide: Designing IP Subsystems Using IP Integrator (UG994) for more information on
Designer Assistance. The <ip_associated_rules> lets you define which board interfaces can
be applied to a specific IP interface.
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TIP: The <ip_associated_rules> tag can be used to define any IP interface, but is most useful for clocks
O and resets which typically have more defined board interfaces.

<ip_associated_rules>
<ip_associated_rule name="default">
<ip vendor="xilinx.com" library="ip" name="axi_ethernet" version="*"
ip_interface="mgt_clk">
<associated_board_interfaces>
<associated_board_interface name="sgmii_mgt_clk" order="1"/>
<associated_board_interface name="sma_mgt_clk" order="0"/>
</associated_board_interfaces>
</ip>
<ip vendor="xilinx.com" library="ip" name="axi_ethernet" version="*"
ip_interface="phy_rst_n">
<associated_board_interfaces>
<associated_board_interface name="phy_reset_out" order="0"/>
</associated_board_interfaces>
</ip>
<ip vendor="xilinx.com" library="ip" name="gig_ ethernet_pcs_pma" version="*"
ip_interface="gtrefclk_in">
<associated_board_interfaces>
<associated_board_interface name="sgmii_mgt_clk" order="1"/>
<associated_board_interface name="sma_mgt_clk" order="0"/>
</associated_board_interfaces>
</ip>
</ip_associated_rule>
</ip_associated_rules>

IP Associated Rule

The <ip_associated_rule> tag defines the specific rules associated with the specified IP. It
supports the name= tag to define the name of the rule.

f IMPORTANT: Currently only one rule named "default" is supported, so there can be only one pair of
<ip_associated_rule name="default”></ip_associated_rule> opening and closing tags defined in the
Board Interface File.

IP

The <ip> tag defines an IP, and interface, that the associated rules apply to. The <ip> tag
identifies the Vendor, Library, Name, and Version (VLNV) of the IP, and a specific interface on
the IP.

<ip vendor="xilinx.com" library="ip" name="axi_ethernet" version="*"
ip_interface="mgt_clk">
<associated _board_interfaces>
<associated_board_interface name="sgmii_mgt_clk" order="1"/>
<associated_board_interface name="sma_mgt_clk" order="0"/>
</associated_board_interfaces>
</ip>
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TIP: The <ip_associated_rules> can define multiple <ip> tags identifying multiple IP in the Vivado IP
O catalog, as well as identifying different interfaces on a single IP.

An <ip> can have the following attributes or tags:

Table A-13: <ip> Attributes and Tags

Tag Usage/Description Example (KC705)

vendor= The vendor name associated with the IP. | vendor="xilinx.com"
Cores provided by Xilinx have the
“xilinx.com” vendor identity.

library= Specifies the IP library that the core can | library="ip"
be found in.

name= Specifies the name of the IP core in the name="axi_ethernet"
catalog.

version= Specifies the version of the IP that the e

rules apply to. “*"can be used to indicate
all versions of the IP.

ip_interface= Specifies the name of the interface on the | ip_interface="mgt_clk"
IP core to associate with interfaces
defined in the Board Interface File.

<associated_board_interfaces> Specifies the name and priority of the
board interface.

The <associated_board_interface> tag defines a prioritized list of board interfaces that can
be assigned to the associated IP interface.

<associated_board_interfaces>
<associated_board_interface name="sgmii_mgt_clk" order="1"/>
<associated_board_interface name="sma_mgt_clk" order="0"/>
</associated_board_interfaces>

The <associated_board_interface> has the following attributes:

Table A-14: associated_board_interface Attributes

Tag Usage/Description Example (KC705)

name= Name of board interface associated | name="sgmii_mgt_clk"
with the IP interface.

order= The order of preference for 0
assigning the board interface. The
Designer Assistance feature of the
Vivado IP integrator will
automatically assign a board
interface with order=0. Other board
interfaces will be listed in the
specified order from lowest to
highest.
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Understanding Preset Files

Preset file helps customize an IP core in a particular configuration. The PS7, axi_emc, and
Memory IP for DDR3_SDRAM use the preset_file feature when a linear_flash or ddr3_sdram
interface is selected in the Board tab in the Vivado IP integrator.

Preset Files use the XML format. The preset_file is defined for a specific Board Interface file,
and can be used to apply presets to multiple IP.

<ip_presets schema="1.0">
<ip_preset preset_proc_name="emc_preset">
<ip vendor="xilinx.com" library="ip" name="axi_emc" version="3.0">
<user_parameters>
<user_parameter name="CONFIG.C_INCLUDE_DATAWIDTH_MATCHING_O0" value="1"/>
<user_parameter name="CONFIG.C_MAX_MEM_WIDTH" value="16"/>
<user_parameter name="CONFIG.C_MEMO_TYPE" value="2"/>
<user_parameter name="CONFIG.C_MEMO_WIDTH" value="16"/>
<user_parameter name="CONFIG.C_TAVDV_PS_MEM_0" value="130000"/>
<user_parameter name="CONFIG.C_TCEDV_PS_MEM_0" value="130000"/>
<user_parameter name="CONFIG.C_TWPH_PS_MEM_O0" value="12000"/>
<user_parameter name="CONFIG.C_TWP_PS_MEM 0" value="70000"/>
<user_parameter name="CONFIG.C_WR_REC_TIME_MEM_O0" wvalue="100000"/>
</user_parameters>
</ip>
</ip_preset>
<ip_preset preset_proc_name="ddr3_sdram_ preset">
<ip vendor="xilinx.com" library="ip" name="mig_7series">
<user_parameters>
<user_parameter name="CONFIG.XML_INPUT_FILE" value="mig.prj"
value_type="file"/>
</user_parameters>
</ip>
</ip_preset>
</ip_presets>

IP_Presets

The <ip_presets> is the root of the preset_file, and defines the presets for one or more
IP cores. The <ip_presets> can have one or more <ip_preset> tags nested within it.

<ip_presets schema="1.0">

Table A-15: ip_presets Attribute

Tag Usage/Description Example (KC705)

schema= Identifies the schema version of the | 1.0
preset file. The current version of
the schema is 1.0.
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IP_Preset

The <ip_preset> section defines the preset configuration to be applied to specific IP
cores.

<ip_preset preset_proc_name="emc_preset">

Table A-16: ip_preset Attribute

Tag Usage/Description Example (KC705)

preset_proc_name= Identifies the preset process being | emc_preset
defined. The preset_proc_name
used here will also be specified in
the Board Interface file for
interfaces that implement this
preset process.

IP

Within the <ip_preset> the <ip> section defines the specific IP that the preset values will
apply to.

<ip vendor="xilinx.com" library="ip" name="axi_emc" version="3.0">

Table A-17: ip Attributes

Tag Usage/Description Example (KC705)
vendor= Address of the board provider's xilinx.com
company website.
library= Library that the core is part of. ip
name= Name of the IP core. axi_emc
version= Version of the IP. 3.0

User Parameters

Within the <ip> section, the <user_parameters> and <user_parameter> tags define the
various configuration presets to apply to the specified IP core.

<user_parameters>
<user_parameter name="CONFIG.C_INCLUDE_DATAWIDTH_MATCHING_0" value="1"/>
<user_parameter name="CONFIG.C_MAX_ MEM WIDTH" value="16"/>
<user_parameter name="CONFIG.C_MEMO_TYPE" value="2"/>

</user_parameter>
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Table A-18: user_parameter Attributes

Tag Usage/Description Example (KC705)

name= Name of the pre-configured CONFIG.C_WR_REC_TIME_MEM_O
property of the IP core.

value= Preset value of the property. 100000

Additional Files and Special Considerations

Memory IP 7 Series Support

Memory IP in Xilinx 7 series devices requires special handling. Board designers should test
the Memory IP configuration on the board before adding the PRJ file into the board support
area.

PS7 Presets

For PS7 IP cores, specifying the preset configuration is the same as any other supported IP
in the catalog. The <user_parameters> must name the various preconfigured properties and
their values in the preset_file.

<ip_preset preset_proc_name="ps7_preset">
<ip vendor="xilinx.com" library="ip" name="processing_system7" version="*">
<user_parameters>
<user_parameter name="CONFIG.preset" value="ZC702"/>
<user_parameter name="CONFIG.PCW_CANO_PERIPHERAL_ENABLE" value="0"/>
</user_parameters>
</ip>
</ip_preset>

IP Bus Interfaces with Tri-state Ports

IP bus interface exposes three signals (I, O, and T) for tri-state ports. Based on the IP
configuration, one or all three signals are exposed as single external ports via the tri-state
buffer.

In the interface logical to physical port mapping, <port_map>, section only the exposed
signal needs to be defined for GPIO, whereas for IO all three signals need to be mapped to
a physical port.
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Example

<interface mode="master" name="dip_switches_4bits"
type="xilinx.com:interface:gpio_rtl:1.0">
<port_maps>
<port_map logical_port="TRI_I" physical_port="dip_switches_tri_i"/>
</port_maps>
</interface>

<interface mode="master" name="iic_main" type="xilinx.com:interface:iic_rtl:1.0">
<port_maps>
<port_map logical_port="SDA_I" physical_port="iic_main_sda_i"/>
<port_map logical_port="SDA_O" physical_port="iic_main_sda_o"/>
<port_map logical_port="SDA_T" physical_port="iic_main_sda_t"/>
<port_map logical_port="SCL_I" physical_port="iic_main_scl_i"/>
<port_map logical_port="SCL_O" physical_port="iic_main_scl_o"/>
<port_map logical_port="SCL_T" physical_port="iic_main_scl_t"/>
</port_maps>
</interface>

Ethernet Clock Handling

To differentiate ethernet clocks from regular clocks, the interface parameter 'TYPE' is
defined in the schema. This parameter provides additional filtering while searching an
appropriate IP for a board interface. The value of the TYPE parameter should be the same in
the board interface and the IP interface.

For example, the sgmii_mgt_clk interface in the KC705 board has the TYPE parameter
with the value defined as ETH_MGT_CLK. Similarly the IP component .xm1l file has the
interface parameter TYPE =ETH_MGT_CLK.

See <vivado_install_dir>/data/ip/xilinx/gig_ethernet_pcs_pma_v15_0/component.xml as an
example.

GT Location Constraint

For generating a GT location constraint, Ethernet related interfaces have a GT_LOC
parameter in the board interface. For example, the sgmi i interface of the KC705 board has
GT_LOC= GTXE2_CHANNEL_XOY9. Here the Ethernet IP assumes that if this parameter is not
present in the board interface, then it is running in LVDS mode, so the IP customization will
generate a pin location constraint (LOC) instead of the GT location constraint (GT_LOC).
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Appendix B

Vivado Naming Conventions

Introduction

The following are the required naming conventions when working with the Vivado Design
Suite. Failing to follow these naming conventions might introduce potential risk to the
design or the tool, and cause unpredictable behavior in the design flow.

« Source files names must start with a letter (A-Z, a-z) and must contain only
alphanumeric characters (A-Z, a-z, 0-9) and underscores ().

« Output files names must start with a letter (A-Z, a-z) and must contain only
alphanumeric characters (A-Z, a-z, 0-9) and underscores ().

» Project names must start with a letter (A-Z, a-z) and must contain only alphanumeric
characters (A-Z, a-z, 0-9) and underscores ().

« Project directory names must start with a letter (A-Z, a-z) and should contain only
alphanumeric characters (A-Z, a-z, 0-9) and underscores (_).

& CAUTION! The Windows operating system has a 260 character limit for path lengths which can affect
the Vivado tools. To avoid this issue, use the shortest possible names and directory locations when
creating projects, defining IP or managed IP projects, or creating block designs.

The following characters are not supported for project, file, or directory names:
c MTH#ESRHAT() <> 2, [1{} "]

« tab (\t)

e return (\r)

* new line (\n)

« /or\ (As part of the directory or file name rather than as a path delimiter)
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The following character is not supported for directory names:
« . (dot as terminal character)
The following character is not supported for file or project names:
- @
Note: In the Vivado IDE, the @ character is not supported for new file or project names. The Vivado
IDE does allow an existing file on disk that uses the @ character to be added to a project. The Vivado

IDE can open a project that includes the @ character in the project name. Using the Tcl Console, you
can create a project with a name that contains the @ character.

f IMPORTANT: Spaces in directory and file names are supported by the Windows operating system.
However, you should avoid using spaces in order to preserve portability of the project or files between
the Windows and Linux operating systems.

The Vivado Design Suite supports the use of forward slashes (/) as path delimiters for both
Windows and Linux platforms. Backslashes (\) are allowed as path delimiters on the
Windows platform only.

Any characters not explicitly mentioned above are not supported for project, file, or
directory names.
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Appendix C

Additional Resources and Legal Notices

Xilinx Resources

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

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.

Documentation Navigator and Design Hubs

Xilinx Documentation Navigator provides access to Xilinx documents, videos, and support
resources, which you can filter and search to find information. To open the Xilinx
Documentation Navigator (DocNav):

« From the Vivado IDE, select Help > Documentation and Tutorials.
+  On Windows, select Start > All Programs > Xilinx Design Tools > DocNav.

« At the Linux command prompt, enter: docnav

Xilinx Design Hubs provide links to documentation organized by design tasks and other
topics, which you can use to learn key concepts and address frequently asked questions. To
access the Design Hubs:

« In the Xilinx Documentation Navigator, click the Design Hubs View tab.

* On the Xilinx website, see the Design Hubs page.
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Training Resources

Xilinx provides a variety of training courses and QuickTake videos to help you learn more
about the concepts presented in this document. Use these links to explore related training
resources:

Vivado Design Suite QuickTake Video: Using Vivado Design Suite with Revision Control

Vivado Design Suite QuickTake Video: Using the Vivado Timing Constraint Wizard

Vivado Design Suite QuickTake Video Tutorials

Vivado Design Suite Tool Flow

1
2
3
4. Vivado Design Suite Hands-on Introductory Workshop
5
6

Essentials of FPGA Design

Please Read: Important Legal Notices

The information disclosed to you hereunder (the “Materials") is provided solely for the selection and use of Xilinx products. To the
maximum extent permitted by applicable law: (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, OR FITNESS FOR ANY PARTICULAR PURPOSE; and (2) Xilinx shall not be liable (whether
in contract or tort, including negligence, or under any other theory of liability) for any loss or damage of any kind or nature related
to, arising under, or in connection with, the Materials (including your use of the Materials), including for any direct, indirect, special,
incidental, or consequential loss or damage (including loss of data, profits, goodwill, or any type of loss or damage suffered as a
result of any action brought by a third party) even if such damage or loss was reasonably foreseeable or Xilinx had been advised
of the possibility of the same. Xilinx assumes no obligation to correct any errors contained in the Materials or to notify you of
updates to the Materials or to product specifications. You may not reproduce, modify, distribute, or publicly display the Materials
without prior written consent. Certain products are subject to the terms and conditions of Xilinx's limited warranty, please refer to
Xilinx's Terms of Sale which can be viewed at https://www.xilinx.com/legal.htm#tos; IP cores may be subject to warranty and
support terms contained in a license issued to you by Xilinx. Xilinx products are 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 https://www.xilinx.com/legal.htm#tos.

AUTOMOTIVE APPLICATIONS DISCLAIMER

AUTOMOTIVE PRODUCTS (IDENTIFIED AS “XA" IN THE PART NUMBER) ARE NOT WARRANTED FOR USE IN THE DEPLOYMENT OF
AIRBAGS OR FOR USE IN APPLICATIONS THAT AFFECT CONTROL OF A VEHICLE (“SAFETY APPLICATION") 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 WITHOUT A SAFETY DESIGN IS FULLY
AT THE RISK OF CUSTOMER, SUBJECT ONLY TO APPLICABLE LAWS AND REGULATIONS GOVERNING LIMITATIONS ON PRODUCT
LIABILITY.

© Copyright 2012-2016 Xilinx, Inc. Xilinx, the Xilinx logo, Artix, ISE, Kintex, Spartan, Virtex, Vivado, Zyng, and other designated
brands included herein are trademarks of Xilinx in the United States and other countries. All other trademarks are the property of
their respective owners.
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