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Chapter 1

Introduction

Overview

This user guide provides an overview of the Vivado® Design Suite with an emphasis on the
different project types, using the tool through the GUI and Tcl, with a project and without.
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,
adding block design and IP cores, 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.
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« Run Tcl scripts from the Vivado Design Suite Tcl shell.
» Run Tcl scripts from the Vivado IDE.

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
<version> > Vivado <version> 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 ‘¥ in the window or dialog box.
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Launching the Vivado IDE on Windows

Select Start > All Programs > Xilinx Design Tools > Vivado <version> > Vivado
<version>.

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

.

Figure 1-1: Vivado Desktop Icon

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
Jjournal files.

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 GUI

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

« Post-Synthesis Projects

« [/O Planning Projects

« Imported Projects

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: ISE® IP is only supported for 7 series devices. ISE format IP (.ngc) are no longer supported
with UltraScale™ devices. Users should migrate their IP to the native Vivado Design Suite format
prior to beginning UltraScale device 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, 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 netlist logic, 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 Vivado IP using the XCl or XCIX 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.

System-Level Design Entry N Send Feedback 9
UG895 (v2018.3) December 5, 2018 www.xilinx.com [—\/—]


https://www.xilinx.com
https://www.xilinx.com/about/feedback.html?docType=User_Guides&docId=UG895&Title=Vivado%20Design%20Suite%20User%20Guide%3A%20System-Level%20Design%20Entry&releaseVersion=2018.3&docPage=9

(: X”_INX® Chapter 2: Working with Projects

After I/0 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.

Certain types of IP, such as Memory, GT, PCle®, and Ethernet interfaces have I/O ports
associated with them. These IP need to be configured in a Manage IP project, or a RTL
project. See the Migrating to an RTL Design section in the Vivado Design Suite User Guide:
I/0 and Clock Planning (UG899) [Ref 9] and Clock Planning for IP with I/O Ports for more
info.

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: I/O 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 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.

C 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 > Project > New.
Note: Alternatively, you can also select Create Project on the Getting Started Page.

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

3. In the Project Name page, 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 check box 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 check box, the
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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.

¢ New Project

Project Name

Enter a name for your project and specify a directory where the project data files will be stored.

Projectname: |project_14

Project Jocation: ctemp

v Create project subdirectory

Project will be created at. C/Tempiproject_14

I/';\I -
\.7) = Back Mext =

Cancel

Figure 2-1:

4. In the Project Type page, specify the type of project, which determines the types of

source files that are associated with the project.
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¢ New Project X

Project Type
Specify the type of project to create. '

o RTL 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.

Do not specify sources at this time

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

110 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

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.

* 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

An RTL project may have RTL, Block Design, IP and/or RTL sources. This dialog lets you
specify which sources to add during project creation. Addition files can be added later
during RTL code development, 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.
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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, set the following options, and click Next:

°

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, BD, XCI,
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.

Add Sources from Subdirectories: Specifies that the tool should scan the listed
directory’s directory tree for additional sources.

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), VHDL file
(.vhdl extension), or Memory Files (.mem 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.

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.

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

Move Up / Move Down: Moves the file or directory up/down in the list order. The
order of the files affects the order of elaboration and compilation during
downstream processes such as synthesis and simulation. '* '

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
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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].

¢ New Project X

Add Sources

Specify HDL, netlist, Block Design, and IP files, or directories containing those 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.

+

Fi

Use Add Files, Add Directories or Create File buttons below

Add Files ‘ | Add Directories | ‘ Create File

Target language: | Verilog 4 Simulator language: | Mixed ~

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

- Add Sources: 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
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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.

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.

4. Optional: In the Add Constraints page, 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. s

Move Up / Move 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. 4 }

Copy Constraint Files 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.

System-Level Design Entry
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¢ New Project X

Add Constraints (optional)

Specify or create constraint files for physical and timing constraints. '

bft_full xdc citemp

+—

Fi

Constraint File  Location

Add Files | ‘ Create File

Copy constraints files into project

Figure 2-4: New Project Wizard—Add Constraints Page

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

o

System-Level Design Entry

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.
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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.

’

New Project X
Default Part
Choose a default Xilinx part or board for your project. '
Parts | Boards
Reset All Filters
Category: | All w Package:  All w Temperature:  All w
Family: All A4 Speed: All w
Search: W
Part /O Pin Count  Awailable IOBs  LUT Elements  FlipFlops Block RAMs  Ultra RAMs  DSPs
w4 85tFg1157-2L 1157 600 303600 607200 1030 0 2800
xcTwd 85tFg1157-1 1187 600 303600 GO7200 1030 ] 2800
HCTve4B851Tg1158-3 1158 350 303600 607200 1030 0 2800
xcTwved85tTg1158-2 1158 350 303600 607200 1030 0 2800
wcrved85tFg1158-2L 1158 350 303600 607200 1030 0 2800
¥CTwved851Fg1158-1 1158 350 303600 607200 1030 0 2800
xcTwd 85tFg1761-3 1761 700 303600 GO07200 1030 0 2800
HCTv4B51Tg1761-2 1761 700 303600 607200 1030 0 2800
nCTwved85tTg1761-2L 1761 700 303600 607200 1030 0 2800
¥eTved 85tFg1761-1 1761 700 303600 607200 1030 0 2800
e 85tFg1927-3 1927 600 303600 607200 1030 0 2800
xcTwed 85tFg1927-2 1927 600 303600 GO07200 1030 0 2800
HCvedB5ig1927-2L 1927 600 303600 607200 1030 0 2800
xCTwved 85tTg1927-1 1927 600 303600 607200 1030 0 2800
¥cTwved 8519 1930-3 1930 700 303600 607200 1030 0 2800 ..
< >
P

6.

Figure 2-5: New Project Wizard—Default Part Page

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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7. Optional: If you used the Create File option in step 3, to create a new HDL module and
add it to the project, a Define Module dialog box appears.

Chapter 2: Working with Projects

¢ Define Module X

Define a module and specify /0 Ports to add to your source file.

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

Module Definition

Module name: fifoG4

li0 Port Definitions
+ = 1t
PortMame Direction Bus MSB LSB
rd_clk input v ~
wr_clk input
data_in input v 63 0
data_out output w ¥ 0 w

Figure 2-6: Define Module Dialog Box

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.

Creating a Post-Synthesis Project

A post-synthesis project begins with a synthesized netlist, fully generated block designs,
fully generated IP, 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.

System-Level Design Entry
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3. Inthe Add Netlist Sources page, 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), BD Files, and 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. Always reference a Block Design using the
BD file Xilinx does not recommend reading just the IP or BD DCP file. While the DCP does contain
constraints, it does not provide other output products that an IP or BD 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: The == button removes the selected source files and directories from the
list.

- Move Up / Move Down: Moves the file or directory up/down in the list order. The
order of the files affects the processing 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.
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¢ New Project X
Add Netlist Sources

Specify netlist, Block Design, and IP files to add to your project. Use the "Add Files® button to select the file that contains the '
design Top’ module and part.

+,
Index MName Top Location
1 top.edf . citemp
Add Files | ‘ Add Directories

Copy sources into project

Figure 2-7: New Project Wizard—Add Netlist Sources Page

4. Optional: In the Add Constraints page, 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. s

Move Up / Move 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. 4 §

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, select a Xilinx part or TDP board, and click Next:

o

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.
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- 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.

6. In the New Project Summary page, view the selected options that define the project,
and click Finish.

Creating an 1/O Planning Project

You can use an I/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/0 and Clock Planning (UG899) [Ref 9].

1. Follow the steps in Creating a Project.
2. In the Project Type page, select I/O Planning Project, and click Next.

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

- Import CSV: Selects a CSV file with I/O Ports definitions. For more information on
CSV files, see the Vivado Design Suite User Guide: I/O 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 I/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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¢ New Project X

Import Ports (optional)

You may specify a C3V 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: IZ‘

Import XDC:

Do notimport VO ports at this time

@

Figure 2-8: New Project Wizard—Import Ports Page
4. In the Default Part page (Figure 2-5), 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].

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.
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3.

I

Chapter 2: Working with Projects

n the Import Project page, use the following options to specify the project file to

import, and click Next.

o

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

¢ New Project

Import Project
Import sources and settings from a Synplify, ST, or ISE project file.

Project File

* |SE:
Synplify:
KST:

Copy sources into project

Cancel

Figure 2-9:

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 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.

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.
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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

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
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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.

& 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.

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.

Note: It is easy to get a template script by running the write_project_tcl command on an existing or
example project.
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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 show information about the board, and
enable additional designer assistance as part of IP customization, and for IP integrator

designs.
¢ New Project X
Default Part
Choose a default Xilinx part or board for your project. This can be changed later. '
Parts | Boards
Reset All Filters
Vendor: | All v Name: | All v Board Rev: | Latest v
Search: A4
Display Name Vendor File Version  Part /0 Pin Count  Board Rev
xilinx.com 14 xc7z020clg484-1 484 1.0
ZYNQ-7 ZC706 Evaluation Board
Add Daughter Card Connections
~_. xilink.com 14 *c7z045ffg900-2 900 1.1
Zynq UltraScale+ ZCU102 Evaluation Board
Add Daughter Card Connections
xilinx.com 32 xczu9eg-fivo1156-2-e 1156 1.0
< >

Figure 2-10: New Project Wizard—Default Part/Board

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 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 Vivado_init. tcl file, or soon after
opening the Vivado Design Suite:

set_param board.repoPaths [list “<pathl>" “<path2>" “..."]
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For more information about the vivado_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 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].

¢ Re-customize IP

AXI GPIO (2.0) ¢
0 Documentation IP Location
Show disabled ports Component Name | axi_gpio_0

Board IP Configuratio

Associate [P interface with board interface

. + 5 AX IP Interface Board Interface

" - " GRIO 4 " GPIO Custom -
5_axi_ac
- - GPIo2 =+ ||| GPIO2 led Bbits |~
5_axi_aresetn

Clear Board Parameters

Enable Interrupt

| oK | | Cancel

Figure 2-11: Board Tab in the Customize IP Dialog Box

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 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.
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Vivado IP integrator instantiates the pre-configured IP and assigns the physical board

Chapter 2: Working with Projects

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].

Figure 2-12:

Board ? 0O & X
Q =

@ Virtex UltraScale+ VCU118 Evaluation Platform

.
F ®

~ [ Clock Sources (0 out of 3 connected)
+ 125 MHz System differential clock
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¥ DDR4 SDRAM C1
¥ DDR4 SDRAM C2
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¥ LED
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~ [ Miscellaneous (0 out of 3 connected)
IS
¥ PC| Express
¥ UART
~ = Reset (0 out of 1 connected)
» FPGA Reset

Board Window in Vivado IP Integrator

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
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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 > Project > Open.
« 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/project_1.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.

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.
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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 > Project > Save As. This copies the entire
project directory structure to a specified location and maintains the status of the existing
runs when run results are included.

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/project_1.xpr

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 > Project > Archive.

2. In the Archive Project dialog box, set the following options, and click OK.

o

System-Level Design Entry

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 Vvivado_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].

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.

Include local IP cache results: Includes the information included in the local IP
cache (if any) to speed up IP generation times using version of the tools.

¢ Archive Project X

Create a compressed (.zip) file that contains all the sources, settings and other files
associated with this project.

Archive name: project_15
Archive location: C:Memp E
Archive file will be created at: C:/Temp/project_15.xpr.zip

Temporary location: |c:J'TempJ1 |E

¥ Include configuration settings
¥+ Include run results

Include local IP cache results

Figure 2-13: Archive Project Dialog Box
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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.

You can also use the write_project_tcl command to generate a tcl script that will
re-create the current project. The script will keep the project settings and sources, but
may not retain output products or design state.

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

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

The Vivado IDE includes an interactive Project Summary that updates dynamically as design
commands are run and as the design progresses through the design flow. The Project
Summary includes the Overview tab and a user-configurable Dashboard, as shown in the
following figure. For information, see this link in the Vivado Design Suite User Guide: Using
the Vivado IDE (UG893) [Ref 6].

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

« Select Windows > Project Summary.
« Select the Project Summary toolbar button Z

Note: The Overview tab in the Project Summary appears by default.
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Project Summary

Settings  Edit

Project name:
Project location:
Product family:
Project part:

Top module name:
Target language:

Simulator language:

Board Part
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Connectors:
Repository path:
URL:
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Configuring Project Settings

You can configure settings to meet specific needs for each 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 Settings dialog box, use any of the following methods:

+ Select Tools > Settings.
« Click the Settings toolbar button 'u
« In the Flow Navigator, click Settings in the Project Manager section, or right click on:
o SIMULATION to get Simulation Settings
- RTL ANALYSIS to get Elaboration Settings
o SYNTHESIS to get Synthesis Settings
- IMPLEMENTATION to get Implementation Settings
- PROGRAM AND DEBUG to get Bitstream Settings.

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

Depending on how you invoke the 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 Settings dialog box. The following sections provide
detailed information for each category.

General Settings

The General settings 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.

System-Level Design Entry N Send Feedback 35
UG895 (v2018.3) December 5, 2018 www.xilinx.com [—\/—]


https://www.xilinx.com
https://www.xilinx.com/about/feedback.html?docType=User_Guides&docId=UG895&Title=Vivado%20Design%20Suite%20User%20Guide%3A%20System-Level%20Design%20Entry&releaseVersion=2018.3&docPage=35

(: X”_INX® Chapter 2: Working with Projects

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

IMPORTANT: The settings here apply to synthesis. You can also define Verilog options and
Generics/Parameters options from the 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.

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 -1oop_iteration_limit switch in the
More Options field of the Synthesis Settings dialog box.
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¢ Settings X
General
Project Settings Specify values for various settings used throughout the design flow. These settings apply '
to the current project.
General
Simulaion
Elaboration MName: project_16
Synthesis ) . )
Project device: B Zyng UltraScale+ ZCU102 Evaluation Board (xczu9eg-fivo1156-2-
Implementation
Bitstream Target language: Verilog ~
> IP . ) ) )
Default library: xil_defaultlib
Tool Settings
9 Top module name: | config_mpsoc_wrapper II‘
Project
IP Defaults Language Options
Source File
Display Verilog options: verilog_version=Verilog 2001 IZ‘
WebTalk
Generics/Parameters: Iz‘
Help
> Text Editor Loop count: 1,000 =

3rd Party Simulators

w

Colors
Selection Rules
Shortcuts

w

Strategies

w

Window Behavior

I/';—\I
\2) oK Cancel Restore..

Figure 2-15: General Settings
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Simulation Settings

The Simulation settings 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].

¢ Settings

Project Settings
General
Simulation
Elaboration
Synthesis
Implementation
Bitstream

> IP

Tool Settings

Project

IP Defaults

Source File

Display

WebTalk

Help

Text Editor

3rd Party Simulators
Colors

w

w

Selection Rules
Shortcuts
Strategies

w

> Window Behavior

Simulation
Specify various settings associated to Simulation '

Target simulator: Vivado Simulator w
Simulator language: Mixed w
Simulation set: i sim_1 w
Simulation top module name: config_mpsoc_wra