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Vivado Design Flows Overview

ﬁ IMPORTANT: This tutorial requires the use of the Kintex®-7 family of devices. You will need to

update your Vivado tools installation if you do not have this device family installed. Refer to the
Vivado Design Suite User Guide: Release Notes, Installation, and Licensing (UG973) for more
information on Adding Design Tools or Devices.

Introduction

This tutorial introduces the use models and design flows recommended for use with the Xilinx® Vivado®
Integrated Design Environment (IDE). This tutorial describes the basic steps involved in taking a small
example design from RTL to bitstream, using two different design flows as explained below. Both flows
can take advantage of the Vivado IDE, or be run through batch Tcl scripts. The Vivado Tcl API provides
considerable flexibility and power to help set up and run your designs, as well as perform analysis and
debug.

o

m VIDEO: You can also learn more about the Vivado Design Suite design flows by viewing the quick

take video at Vivado Design Flows and the Vivado Getting Started with the Vivado IDE quick take
video.

:| TRAINING: Xilinx provides training courses that can help you learn more about the concepts

presented in this document. Use these links to explore related courses:

e Designing FPGAs Using the Vivado Design Suite 1

e Designing FPGAs Using the Vivado Design Suite 2

Working in Project Mode and Non-Project Mode

Some users prefer the design tool for automatically managing their design flow process and design
data, while others prefer to manage sources and process themselves. The Vivado Design Suite uses a
project file (-xpr) and directory structure to manage the design source files, store the results of
different synthesis and implementation runs, and track the project status through the design flow. This
automated management of the design data, process, and status requires a project infrastructure. For
this reason, Xilinx refers to this flow as the Project Mode.
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Other users prefer to run the FPGA design process more like a source file compilation, to simply
compile the sources, implement the design, and report the results. This compilation style flow is
referred to as the Non-Project mode. The Vivado Design Suite easily accommodates both of these use
models.

Both of these flows utilize a project structure to compile and manage the design. The main distinctions
are that Non-Project mode processes the entire design in memory. No files are written to disk. While
Project mode creates and maintains a project directory structure on disk to manage design sources,
results, and project settings and status.

The following provides a brief overview of Project mode and Non-Project mode. For a more complete
description of these design modes, and the features and benefits of each, refer to the Vivado Design
Suite User Guide: Design Flows Overview (UG892).

Non-Project Mode

This use model is for script-based users who do not want Vivado tools to manage their design data or
track their design state. The Vivado tools simply read the various source files and compile the design
through the entire flow in-memory. At any stage of the implementation process, you can generate a
variety of reports, run design rule checks (DRCs), and write design checkpoints. Throughout the entire
flow, you can open the design in-memory, or any saved design checkpoint, in the Vivado IDE for design
analysis or netlist/constraint modification. Source files, however, are not available for modification in the
IDE when running the Non-Project mode. It is also important to note that this mode does not enable
project-based features such as source file and run management, cross-probing back to source files,
design state reporting, etc. Essentially, each time a source file is updated on the disk; you must know
about it and reload the design.

There are no default reports or intermediate files created within the Non-Project mode. You must direct
the creation of reports or design checkpoints with Tcl commands.

Project Mode

This use model is for users who want the Vivado tools to manage the entire design process, including
features like source file, constraint and results management, integrated IP design, and cross probing
back to sources. In Project mode, the Vivado tools create a directory to manage the design source files,
IP data, synthesis and implementation run results and related reports. The Vivado Design Suite manages
and reports the status of the source files, configuration, and the state of the design. You can create and
configure multiple runs to explore constraint or command options. In the Vivado IDE, you can cross-
probe implementation results back to the RTL source files. You can also script the entire flow with Tcl
commands, and open Vivado IDE as needed.
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Using Tcl Commands

The Tcl commands and scripting approach vary depending on the design flow used. When using the
Non-Project mode, the source files are loaded using read_verilog, read_vhdl, read_edif,
read_ip, and read_xdc commands. The Vivado Design Suite creates an in-memory design database
to pass to synthesis, simulation, and implementation. When using Project mode, you can use the
create_project, add_Ffiles, import_Ffiles, and add_directories commands to create the
project infrastructure needed to manage source files and track design status. Replace the individual
“atomic” commands, synth_design, opt_design, place_design, route_design, and
write_bitstream in the Batch flow, with an all-inclusive command called launch_runs. The
launch_runs command groups the atomic commands together with other commands to generate
default reports and track the run status. The resulting Tcl run scripts for the Project mode are different
from the Non-Project mode. This tutorial covers the Project mode and Non-Project mode, as well as the
Vivado IDE.

Many of the analysis features discussed in this tutorial are covered in more detail in other tutorials. Not
every command or command option is represented here. To view the entire list of Tcl commands
provided in the tools, consult the Vivado Design Suite Tcl Command Reference Guide (UG835).

This tutorial contains two labs that can be performed independently.
Lab 1: Using the Non-Project Design Flow
e Walk through a sample run script to implement the bft design.
e View various reports at each step.
e Review the vivado. log file.
e Write design checkpoints.

e Open the Vivado IDE after synthesis to review timing constraint definition and 1/O planning and
demonstrate methods to update constraints.

e Open the implemented Design Checkpoint to analyze timing, power, utilization and routing.
Lab 2: Using the Project Based Design Flow

e Create a new project.

e Walk through implementing the bft design using the Vivado IDE.

e View various reports at each step.

e Open the synthesized design and review timing constraint definition, I/O planning and design
analysis.

e Open the implemented design to analyze timing, power, resource utilization, routing, and cross-
probing.
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Tutorial Design Description

The sample design used throughout this tutorial consists of a small design called bFt. There are several
VHDL and Verilog source files in the bft design, as well as a XDC constraints file.

The design targets an xc7k70T device. A small design is used to allow the tutorial to be run with
minimal hardware requirements and to enable timely completion of the tutorial, as well as to minimize
the data size.

Hardware and Software Requirements

This tutorial requires that the 2018.1 Vivado Design Suite software release or later is installed. The
following partial list describes the operating systems that the Vivado Design Suite supports on x86 and
x86-64 processor architectures:

See the Vivado Design Suite User Guide: Release Notes, Installation, and Licensing (UG973) for a
complete list and description of the system and software requirements.

Preparing the Tutorial Design Files

You can find the files for this tutorial in the Vivado Design Suite examples directory at the following
location:

<Vivado_install_area>/Vivado/<version>/examples/Vivado_Tutorial

You can also extract the provided ZIP file, at any time, to write the tutorial files to your local directory, or
to restore the files to their starting condition.

Extract the ZIP file contents from the software installation into any write-accessible location.
<Vivado_install_area>/Vivado/<version>/examples/Vivado_Tutorial.zip

The extracted Vivado_Tutorial directory is referred to as the <Extract_Dir> in this Tutorial.

Note: You will modify the tutorial design data while working through this tutorial. You should use a
new copy of the original Vivado_Tutorial directory each time you start this tutorial.
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Lab 1: Using the Non-Project Design Flow

Introduction

This lab focuses on Non-Project mode and the associated Tcl commands.

Step 1: Examine the Example Script

1. Open the example script:
<Extract_Dir>/Vivado Tutorial/create bft kintex7_batch.tcl, in a text editor and
review the different steps.

STEP#0: Define output directory location.

STEP#1: Setup design sources and constraints.

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

STEP#3: Run placement and logic optimization, report utilization and timing
estimates, write checkpoint design.

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

STEP#5: Generate a bitstream.

Notice that many of the Tcl commands are commented out. You will run them manually, one at a
time.

2. Leave the example script open, as you will copy and paste commands from it later in this tutorial.

Step 2: Starting Vivado with the Example Design

On Linux

1. Change to the directory where the lab materials are stored:
cd <Extract Dir>/Vivado Tutorial

2. Launch the Vivado® Design Suite Tcl shell, and source a Tcl script to create the tutorial design:
vivado -mode tcl -source create bft kintex7 batch.tcl
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On Windows

1.

Launch the Vivado Design Suite Tcl shell:
Start > All Programs > Xilinx Design Tools > Vivado <version> > Vivado <version> Tcl Shell

Note: Your Vivado Design Suite installation may be called something other than Xilinx Design Tools
on the Start menu.

In the Tcl shell, change to the directory where the lab materials are stored:

Vivado% cd <Extract_Dir>/Vivado_Tutorial

Source a Tcl script to create the tutorial design:

Vivado% source create bft kintex7 batch.tcl

After the sourced script has completed, the Vivado Design Suite Tcl shell, hereafter called the Tcl
shell, displays the Tcl prompt: Vivado%

BN Wivadn 201% Tel Shell - Cxilimdlivadod20 e binwivado.bat -mode tel = [ E 3]

s Yivado v2B1ix.x <bd-bhitd
s 81 Build 1882946 on Tue Mar 7 19:49:58 MET 2817
s JP Build 1882429 on Tue Mar 7 21:36:26 MET 2017
#% Copyright 1986—-2017 ¥ilinx. Inc. All Rights Reserved.

Bourcing tcl script 'CisUserssHilinxsAppDatasRoamings¥ilinxsUivado-Uivado_init.-t
cl’

from Userrsvivado_init.tcl
[Common 17-361]1 Successfully registered *findCommand’ as ’'findCmd’ .
[Common 17-361]1 Successfully registered *“file time’ as *fileTime’.
Vivadox cd C:rDatasUivado_Tutorial
Uivadox source create_bft_kintex? _batch.tcl
set outputDir .-Tutorial Created Data~bft_output
#t file mkdir SoutputDir
set_part xc7k78tfhgd84-2
INFO: [Coretcl 2-15%881 The part has been szet to *xc?k78tfhg484-2' for the curren
it project only. Run set_part —help for more details. To evaluate different speed
grades in the current design. use the set_speed_grade command. or use the open
checkpoint —part command to change the part used by an existing checkpoint desig]

read_vhdl -library bftLib [ glob .-Socurces-shdlsbftLib-s*_vhdl 1

read_vhdl .- Sources hdl- bft.vhdl

read verilog [ gleb .- Sources-shdls®*_u 1

read_xdc ./Bourcessbft_full kintex?.xdc
EE/Dgta/Uiuadu_Tuturial/Suurces/hft_full_kintex?.xdc

ivadox

Figure 1: Start Vivado and Source Tcl Script

You can enter additional Tcl commands from the Tcl prompt.

Design Flows Overview www.xilinx.com | Send Feedback | 10

Lab 1: Using the Non-Project Design Flow

UG888 (v2019.2) October 30, 2019


http://www.xilinx.com/
https://www.xilinx.com/about/feedback.html?docType=Tutorials&docId=UG888&Title=Vivado%20Design%20Suite%20Tutorial%3A%20Design%20Flows%20Overview&releaseVersion=2019.2&docPage=10

v
iA XI I_I NX Lab 1: Using the Non-Project Design Flow

Step 3: Synthesizing the Design

1. Copy and paste the synth_design command from the create_bft_kintex7_batch.tcl
script into the Tcl shell and wait for synthesis to complete. You can paste into the Tcl shell using the
popup menu, by clicking the right mouse button.

synth_design -top bft

Note: The command in the example script is a comment. Do not copy the leading ‘# character, or
your command will also be interpreted as a comment.

2. Examine the synthesis report as it scrolls by.

3. When the Vivado Tcl prompt has returned, copy and paste the write_checkpoint,
report_timing_summary, report_power, report_clock_interaction, and
report_high_fanout_nets commands that follow synthesis.
write_checkpoint -force $outputDir/post_synth
report_timing_summary -file $outputDir/post_synth_timing_summary.rpt
report_power -file $outputDir/post_synth_power.rpt
report_clock _interaction -delay type min_max -file \
$outputDir/post_synth_clock_interaction.rpt

report_high_fanout_nets -fanout_greater_than 200 -max_nets 50 -file \
$outputDir/post_synth_high_fanout_nets.rpt

4. Open another window to look at the files created in the output directory. On Windows, it may be
easier to use the file browser.

<Extract _Dir>/Vivado Tutorial/Tutorial_Created Data/bft output

5. Use a text editor to open the various report (*. rpt) files that were created.

Step 4: Launching the Vivado IDE

Even though a Vivado project has not been created on disk, the in memory design is available in the
tool, so from the Tcl shell you can open the Vivado IDE to view the design.

Non-Project mode enables the use of the Vivado IDE at various stages of the design process. The
current netlist and constraints are loaded into memory in the IDE, enabling analysis and modification.
Any changes to the logic or the constraints are live in memory and are passed to the downstream tools.
This is quite a different concept than with the ISE tools that require saving and reloading files.

Open the IDE using the start_gui command.

Vivado% start_gui

The Vivado IDE provides design visualization and exploration capabilities for your use. From the Vivado
IDE, you can perform further analysis and constraint manipulation on the design.
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Lab 1: Using the Non-Project Design Flow

Edit Flow Tools Window Layout View
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Tcl Console
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Finished Writing #ynthesis Report :

B B m

Time (s): cpu = 00:01:12

elapsed = 00:01:2Z .
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#ynthesis finished with 0 errors, 0 critical warnings and 336 warnings.

dynthesis Optimization Runtime : Time {s): cpu = 00:00:50 ; elapsed = 00:01:11 . Memory (ME): pesk = 838.383 ; gain = 105.934
dynthesis Optimization Complete : Time [s): cpu = 00:01:12 ; elapsed = 00:01:2% . Memory (MB): peak = 538.383 : gain = G18.508
stop_gui

¥iwados start i

< >

Figure 2: Vivado IDE - Non-Project Mode

TIP: To stop the GUI and return to the Vivado Design Suite Tcl shell, use the stop_gui
command. If you use the File > Exit command from the Vivado IDE, you will completely exit the
Vivado tool.

Since the design does not have a project in Non-Project mode, the Vivado IDE does not enable source
file or run management. You are effectively analyzing the current in memory design. The Vivado Flow
Navigator and other project based commands are also not available in Non-Project mode.
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Step 5: Defining Timing Constraints and 1/0 Planning

You must often define timing and physical constraints for the design prior to implementation. The
Vivado tools let you load constraints from constraints file(s), or enter constraints interactively using the
IDE.

Defining Timing Constraints

1. Open the Timing Constraints window: Window > Timing Constraints, as shown in the following
figure:

Timing Constraints
= £ F -}; + Create Clock
~ Clocks (2) “~  Position ClockMame  Period (ns) RiseAt(ns) FallAt(ns) AddClock Source Objects Source File
Create Clock (2) 1 whClk 10.000 [get_ports whClk]  bit_full_kintex7 xdc
Create Generated Clock (0) 2 hftClk 5.000 [get_ports bitClk] bft_full_kintex7 xdc
Rename Auto-Derived Clock (0] Double click to create a Create Clock constraint

Set Clock Lateney (0)
Set Clock Uncertainty (0)
Set Clock Groups (0)

Set Clock Sense (0)
Set Input Jitter (0)
Set Systermn Jitter (0)
Set External Delay (0)
~ Inputs (0)
[ » - [ »

All Constraints

a = & = T,

Position Command Scoped Cell
~ @Y bft_full_kintex? xde (C:/Datatvivado_Tutorial/Sources/bit_full_kintex7 xdc)

1 create_clock-period 10.000 -name whClk [get_ports whClk]

2 create_clock -period 5.000 -name bftClk [get_ports bRRCIK

Figure 3: Define Timing Constraints

A tree view of the different types of constraints displays on the left side of the Timing Constraints
window. This is a menu of timing constraints that can be quickly defined.

Notice the two clock constraints, woClk and bFtCIlKk, displayed in the Timing Constraint
spreadsheet on the right side of the Timing Constraints window. The values of currently defined
constraints can be modified by directly editing them in the spreadsheet.
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2.

In the left hand tree view of the Timing Constraints window, double-click Create Clock under the
Clocks category, as shown in Figure 3.

Note: Expand the Clocks category if needed by clicking the +.

The Create Clock wizard opens, as shown in the following figure, to help you define clock
constraints. Notice the Tcl Command line on the bottom displays the XDC command that will be
executed.

Do not create or modify any timing constraints at this time.

Create Clock

Creates a clock object. The created clock is applied to the specified source objects. If you do not
specify source objects, but give a clock name, a virtual clock is created.

Clock name: | | |
Source objects: II‘
Waveform

Period: 10 2 ns

Rise at 0> ns

Eall at 5 2| ns

Add this clock to the existing clock (no overwriting)

Command:  create_clock -period 10.000 -waveform {0.000 5.000}

Figure 4: Create Clock Dialog Box

Click Cancel.
Close the Timing Constraints window by clicking the X in the window tab.

The Vivado Design Suite offers a variety of features for design analysis and constraint assignment.
Other tutorials cover these features in detail, and they are only mentioned here. Feel free to
examine some of the features under the Tools menu.
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I/0 Planning

Lab 1: Using the Non-Project Design Flow

Vivado has a comprehensive set of capabilities for performing and validating 1/0 pin assignments.
These are covered in greater detail in the 1/O Planning Tutorial.

1. Open the I/0O Planning view layout by selecting 1/0 Planning from the Layout Selector pull down,

as shown in Figure 5.

2. Make the Package window the active view if it is not active.

Note: If the Package window is not open, you can open it using the Windows > Package command

from the main menu.

A Vivado

co 10 Rank 15

Drop /0 banks on voltages or the "NONE” folder to setiunset
Internal VREF

> b Scalar ports (7)

<

layout

File  Edit Flow Tools Window Layout View Help Gluick Access
&, B ® H B # ¥
SYNTHESIZED DESIGN - xc7k7 0ifg484-2
Sources Netlist | Device Constraints Package Device
a = =2 0 - @ HoR O
~ Internal VREF

0.8Y A

0.675V

0.758v

0.9y
~ MNOME (£)

= 1/0 Bank 13

s 1f0 Bank 14

Properties Clock Regions
Select an objectto see properties

Tcl Console Messages Package Pins 1/0 Ports
a = 2=+ ™
Name Direction  Meg Diff Pair Package Pin Fixed Bank /0 Std Veco Vref  Drive Strength
~ (& Allpors (71)

> B whinputData (37) L) v 14 LYCMOS18 A 1.800

> @ whOutputData (32) ouT "4 (Multiple) LVCMOS18  ~  1.800 12 -

Slew Type

sLow

1i0 Planning v

o
Pull Type Off-Chip Termination  IN_TERN
MNONE *~  MNONE hd
NONE ~ FP_VTT_50 -
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5. In the Package window, double-click to select a placed I/O Port, shown as
an orange block inside a package pin.

10_L2n 0_L4N

it ity

6. Drag the selected I/O Port onto another pin site in the same 1/0 bank. T0_D03_14 T0_D05_14

7. Examine the I/O Ports window, look at the port name and package pin
site columns.

8. Examine the data displayed in the 1/O Port Properties window. Click each VOO 14 T0_po4_14
of the tabs at the bottom of the window.

9. Remember the port name and site of the port you moved.

If necessary, write them down. You will look for the LOC constraint of the placed port in the XDC file
after implementation.

Step 6: Exporting the Modified Constraints

Modified constraints can be output for later use. You can also save design checkpoints that include the
latest changes. You will explore design checkpoints later in this tutorial.

IMPORTANT: The Vivado Design Suite does not support NCF/UCF constraints. You should
migrate existing UCF constraints to XDC format. Refer to the ISE to Vivado Design Suite
Migration Guide (UG911) for more information.

1. Use the Export Constraints command to output a modified XDC constraints file with the new 1/0
LOC constraint value.

File > Export > Export Constraints

The Export Constraints dialog box opens to let you specify a file name to create, as shown in the
following figure.

Export Constraints

Please specify file name to export XDC constraints.

Qutputfile name:  CuDatalconstrs_1.xdc IZ‘

¥ Include unconstrained placement locations

L

Figure 6: Export Constraints
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D vosow

Enter a name and location for the file and click OK.
Use the File > Text Editor > Open File command to open the constraints file in the Text Editor.
Browse to select the newly exported constraints file and click OK.

Notice the file reflects the 1/O Port placement change you made earlier.

TIP: You can open any ASCII file in the Text Editor. This is helpful for editing Tcl scripts and
constraints files, and viewing reports. The Text Editor is context sensitive, and highlights
keywords and comments when displaying file types such as Verilog, VHDL, XDC, and Tcl.

Select the Tcl Console tab at the bottom of the IDE, and enter the stop_gui command.

The Vivado IDE closes, and you are returned to the Tcl prompt in the Tcl shell.

Step 7: Implementing the Design

1.
2.

Open the create_bft_kintex7_batch.tcl script, or bring the script window to the front.

Individually copy and paste the Tcl commands in the script, in order from opt_design to
write_bitstream:

opt_design

place_design

phys opt_design

write_checkpoint -force $outputDir/post_place

report_timing_summary -file $outputDir/post_place_timing_summary.rpt

route design

write_checkpoint -force $outputDir/post_route

report_timing_summary -file $outputDir/post_route_timing_summary.rpt
report_timing -sort_by group -max_paths 100 -path_type summary -file \
$outputDir/post _route_timing.rpt

report_clock_utilization -Ffile $outputDir/clock _util.rpt
report_utilization -file $outputDir/post_route_util.rpt
report_power -file $outputDir/post_route_power.rpt
report_drc -file $outputDir/post_imp_drc.rpt

write_verilog -force $outputDir/bft_impl_netlist.v
write_xdc -no_fixed_only -force $outputDir/bft_impl.xdc
write_bitstream -force $outputDir/bft_bit
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3. Examine each command and notice the various messages produced as the commands are run.
4. Close the text editor displaying the create_bft_kintex7_batch.tcl script.

5. Examine the files created in the output directory.
<Extract Dir>/Vivado_Tutorial/Tutorial_Created_Data/bft_output

6. Use a text editor to open the various report (*. rpt) files that were created.
7. Open the bFt_impl .xdc file.

8. Validate that the design has been implemented with the I/O Port constraint that you modified
earlier.

Step 8: Opening a Design Checkpoint
The Vivado IDE can open any saved design checkpoint. This snapshot of the design can be opened in
the Vivado IDE or Tcl shell for synthesis, implementation, and analysis.
1. Open the Vivado IDE again: start_gui
This loads the active design in-memory into the IDE.
You will now load the implemented design checkpoint, closing the current in-memory design.
2. Open the implemented checkpoint.

3. Use File > Checkpoint > Open and browse to select the checkpoint file:

<Extract Dir>/Vivado_Tutorial/Tutorial Created Data/bft output/
post_route.dcp

4. If prompted, select Close Without Saving to close the current in-memory design.

Now you can use the visualization and analysis capabilities of the IDE, working from a placed and
routed design checkpoint.

Step 9: Analyzing Implementation Results

Vivado has an extensive set of features to examine the design and device data from a number of
perspectives. You can generate standard reports for power, timing, utilization, clocks, etc. With the Tcl
API, the custom reporting capabilities in the Vivado tools are extensive.

1. Click the Device window tab to bring it front to the screen.
2. Run the report_timing_summary command to analyze timing data.
Reports > Timing > Report Timing Summary
3. In the Report Timing Summary dialog, click OK to accept the default run options.

4. Examine the information available in the Timing Summary window. Select the various categories
from the tree on the left side of the Timing Summary window and examine the data displayed.
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© ®©® N o

10.

11.

12.

13.

Now run the report_timing command to perform timing analysis
Reports > Timing > Report Timing

In the Report Timing dialog, click OK to accept the default run options.
Collapse the bftClk tree in the Timing Checks — Setup window.

Select the first path listed under the wbClk in the Setup area.

Maximize or float the Path Properties window to look at the path details. Check to ensure that the
Device view tab is selected and displayed

L Lt Ll e 1N A | msmt v Linien L

Path Properties

Path 31 o
~  Summary =
|_ Mame Fath 31

Slack 1.862ns

Source @ ingressLoop[3].ingressFifo/buffer_fifo/infar_fifo.rd_addr_reg[8l/C (risin

Destination @ ingressLoop[3]ingressFifo/buffer_fifo/infer_fifo full_reg_reg/D (rizin

Path Group whClk

Path Type

Requirement
Data Path Delay

Logic Levels
Clock Path Skew -0.312ns
Clock Uncertainty 0.035ns

Clock Domain Crossing  Inter clock paths are considered valid unless explicitly excluded by timing constraints such as set_clock_groups or set |

~ Source Clock Path

|_ Delay Type Incr{ns)  Path.. Location Metlist Resource(s)
(clock bfiCIk rise edge) (r) 5.000 5.000
(ry 0.000 5.000 Site: W17 Cr bftClk
net (fo=0) 0.000 5.000 A bftClk
Site: WA T [ bftCIk_IBUF_inst/l
IBUF (Prop ibuf | © (r0.749 5749  Site:W1T <d bRCIk_IBUF _instQ
net (fo=1, routed) 1.901 7.650 A bftCIk_IBUF

Site: BUFGCTRL_X0YD D bftClk_IBUF_BUFG_instl
BUFG (Prop bufg | O) () 0.093 7.743  Site: BUFGCTRL_X0YD <0 bftClk_IBUF_BUFG_instO

net (fo=748, routed) 1.201 8.944 /" ingressLoop[3lingressFifolbuffer_fifolclk
FDCE Site: SLICE_X43¥73 [ ingressLoop[3].ingressFifofbuffer_fifolinfer_fifo.rd_addr_req[6)/C
General Properties Report Cells  MNets Met Segments Options

(o - = [ - (o) - = el i un THTII CHBCKS - S

Figure 7: Float the Path Properties Window

Restore the Path Properties window by clicking the Restore button, or the Dock button, in the
window banner.

In the Timing — Report Timing window, right-click to open the popup menu and select the
Schematic command to open a Schematic window for the selected path.

Note: Alternatively, you can press the F4 function key to open the Schematic window.

Double-click on a schematic object, such as on a cell, pin, or wire, to expand the schematic
connections and traverse the design hierarchy.

Close the Schematic window, or click the Device window tab to bring it to the front.
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14. In the Device window, check to ensure that the Routing Resources button === is enabled to display
the detailed device routing. In some cases you may need to select the path again.

Notice the Device window displays and highlights the routing for the selected path.

Device Schematic

- @ a2 ®[oFEer @ o &

Figure 8: Displaying the Device Routing
15. Select the Auto-fit Selection button £ in the Device window toolbar menu to enable the Vivado
IDE to automatically zoom into selected objects.
16. Select some additional paths from the Timing results window.
17. Examine the routing for the selected paths in the Device window.
18. Expand the Reports main menu and examine the available analysis features.

19. Run some of the available analysis commands: Report Power, Report Clock Interaction, Report
Clock Networks, Report Utilization, etc.

Many of these Design Analysis features are covered in other Vivado tutorials.
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Step 10: Exiting the Vivado Tool

The Vivado tool writes a log file, called vivado. log, and a journal file called vivado. jou into the
directory from which Vivado was launched. The log file is a record of the Tcl commands run during the
design session, and the messages returned by the tool as a result of those commands. The journal is a
record of the Tcl commands run during the session that can be used as a starting point to create new
Tcl scripts.

Exit the Vivado IDE:

1. Select the Tcl Console window tab and type the following:
stop_gui

2. Exit Vivado:
Vivado% exit

3. Close the Tcl shell window on Windows.
4. Examine the Vivado log (vivado. log) file.

On Windows, it may be easier to use the file browser to locate and open the log file. The location of
the Vivado log and journal file will be the directory from which the Vivado tool was launched, or can
be separately configured in the Windows desktop icon. You will configure this in Lab #2.

In this case, look for the log file at the following location:
<Extract Dir>/Vivado_Tutorial/vivado.log

Note: The vivado. log and vivado. jou may also be written to
%APPDATA%\X1 I inx\Vivado, or to your /home directory.

Notice the log file contains the history and results of all Tcl commands executed during the Vivado
session.

5. Examine the Vivado journal (vivado . jou) file.

On Windows, it may be easier to use the file browser. Look for the journal file at the following
location:

<Extract_Dir>/Vivado_Tutorial/vivado.jou

Notice the journal file contains only the Tcl commands executed during the Vivado session, without
the added details recorded in the log file. The journal file is often helpful when creating Tcl scripts
from prior design sessions, as you will see in the next lab.
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Lab 2: Using the Project Design Flow

Introduction

In this lab, you will learn about the Project mode features for project creation, source file management,
design analysis, constraint definition, and synthesis and implementation run management.

You will walk through the entire FPGA design flow using an example design, starting in the Vivado® IDE.
Then you will examine some of the major features in the IDE. Most of these features are covered in
detail in other tutorials. Finally, you will create a batch run script to implement the design project and
see how easy it is to switch between running Tcl scripts and working in the Vivado IDE.

Step 1: Creating a Project
Launching Vivado

On Linux

1. Change to the directory where the lab materials are stored:
cd <Extract Dir>/Vivado Tutorial

2. Launch the Vivado IDE:
vivado

On Windows

1. Before clicking the desktop icon to launch the Vivado tool, configure the icon to indicate where to
write the vivado. log and vivado. jou files.

2. Right-click the Vivado <version> Desktop icon and select Properties from the popup menu.

3. Under the Shortcut tab, set the Start in value to the extracted Vivado Tutorial directory, as shown
in Figure 9:

<Extract Dir>/Vivado_Tutorial/

4. Click OK to close the Properties dialog box.
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P

Lab 2: Using the Project Design Flow

#  ivado Properties

=

Target location; winB4.o

Security I [ etails | Prewvious Wergionz
General | Shortout | Compatibility
IE Wivado
Target type: Application

Target: syl ene Ciilineivadoh 200 2. = Shinkwivado. bal
Start in: C:/Datadivado_Tutornial

Shortcut key:  MNone

Run: [ Moarrmal window 7 ]
Comment;

Open File Location ] [ Change [zon... H Advanced... ]

0k

] [ Cancel

Apply

Figure 9: Configuring the Start in Directory

5. Double-click the Vivado <version> Desktop icon to start the Vivado IDE.
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Creating a New Project
1. After Vivado opens, select Create Project on the Getting Started page.
2. Click Next in the New Project wizard.
3. Specify the Project Name and Location:
a. Project name: project_bft
b. Project Location: <Extract_Dir>/Vivado_Tutorial/Tutorial_Created_Data

4. Click Next.

New Project

Project Name

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

Project name: | project_bf |

Project location: | C:/DatafVivado_Tutorial/Tutorial_Created_Data |I|

+'| Create project subdirectory

Project will be created at: CiData/Vivado_TutorialiTutorial_Created_Dataiproject_bft

T

Figure 10: Create New Project
5. Select RTL Project as the Project Type and click Next.

6. Click the + button and select Add Files.
a. Browse to <Extract _Dir>/Vivado_ Tutorial/Sources/hdl/

b. Press and hold the Ctrl key, and click to select the following files:
async_fifo.v, bft.vhdl, bft _tb.v, FifoBuffer.v

c. Click OK to close the File Browser.
7. Click the + button and select Add Directories.

a. Select the <Extract_Dir>/Vivado_Tutorial/Sources/hdl/bftLib directory
b. Click Select.
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8. Click in the HDL Sources For column for the bft_tb.v file and change Synthesis and Simulation
to Simulation only, as shown in Figure 11.

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.

+,
Index Mame Library HDL Source For Location
w1 FifoBufferv  xil_defaultib* Synthesis & Simulation =  CiDatafVivado_Tutorial/Sourcesihdl
w2 async_fifov  xil_defaullib* Synthesis & Simulation = CiDatafVivado_Tutorial/Sourcesihdl
W 3 bft.vhdl ¥l_defaultlib* Synthesis & Simulation =  Ci/Data/Vivado_Tutorial/Sources/hdl
w4 bft_thw ¥il_defaultlib | Simulation only | - | CiDataMNivado_Tutorial/Sources/hdl
= 5 bftLib hftLib  Synthesis & Simulation = CuData/Vivado_Tutorial/Sources/hdl
Add Files ‘ | Add Directories ‘ ‘ Create File

Scan and add RTL include files into project
¥'| Copy sources into project

¥| Add sources from subdirectories

Target language: | Werilog w Simulator language: | Verilog w

Figure 11: Add RTL Sources

9. Click in the Library column for the bftLib, and manually edit the value to change it from
xil_defaultlib (or work) to bftLib, as shown in the following figure.

10. Enable the check boxes for Copy sources into project, and Add sources from subdirectories.

11. Set the Target Language to Verilog to define the language of the netlist generated by Vivado
synthesis.

12. Set the Simulator Language to Verilog to define the language required by the logic simulator.
13. Click Next.
14. On the Add Constraints page, click Add Files.

15. Browse to and select:
<Extract Dir>/Vivado_Tutorial/Sources/bft_full_Kkintex7.xdc

16. Click OK to close the File Browser.
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17. Enable the check box for Copy constraints files into project.

Mew Project X

Add Constraints (optional)

Specify or create constraint files for physical and timing constraints.

+

Fl
Constraint File Location
bft_full_kintex7 xdc  ChDataWivado_Tutorial\Sources

Add Files | | Create File

¥| Copy constraints files into project

@

Cancel

Figure 12: Add Constraints

18. Click Next to move to the Default Part page.
19. On the Default Part page, click the Family filter and select the Kintex-7 family.
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20. Scroll to the top of the list and select the xc7k70tfbg484-2 part, and click Next.

New Project

Default Part

Choose a default Xilink part or board for your project. This can be changed later. ‘

Select | {8 Parts | [ Boards

~ Filter
Product category: | All L Speed grade: | All Remaining w
Eamily: Kintex-7 L Temp grade: | All Remaining w
Package: All Eemaining w
Reset All Filters
Search: w
10 Pin Available LUT . Block Ultra Gb (
il Count 10Bs Elements AEREEE RAMs RAMs oEEs Transceivers 1
8} xc7k7 0tfhgd84-3 484 285 41000 52000 135 0 240 4 i
| 8} xc7k70tfhg484-2 484 285 41000 82000 135 0 240 4 [
& xc7KT 0tfhga84-2L 484 285 41000 22000 135 0 240 4 [
{8} xcTK7 0tfbg484-1 484 285 41000 32000 135 0 240 4 [
{8k xc7kT 0tfhg676-3 676 300 41000 32000 135 0 240 3 [
{8k xc7K7 0tfha676-2 676 300 41000 82000 135 0 240 8 (v
< »

Figure 13: Selecting the Default Part

21. Click Finish to close the New Project Summary page, and create the project.
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The Vivado IDE opens project_bft in the default layout.

Lab 2: Using the Project Design Flow

File Edit Flow Tools Window Layout View  Help Quick Access Ready
=, E X r, B @ Z .4 Default Layout w
Flow Navigator 8 PROJECT MANAGER - project_bft
~ PROJECT MANAGER B
Sources Project Summary
£} Settings =
a z & + o
Add Sources Settings  Edit
L T st ~ Design Sources (1)
anguage Templates . . .
> aBFT) (bftvhdl) (20) Project name: project_bft
1} IP Catalog y Constraints (1) Project location C:/DatalVivado_TutorialTutorial_Created_Data/project_bft
> Simulation Sources (1) Product family Kintex-7
¥ IPINTEGRATOR Project part ¥eTKT 01fbg4E4-2
Create Block Design Top module name bit
Open Blocl sign Target language: Werilog
. .
Generate Block Design Simulator language Werilog
~ SIMULATION Synthesis Implementation
Run Simulation Source File Properties
) Status: Mot started Status: Mot starl
@ bitvhdl o
v RTL AMALYSIS Messages: Mo errors or warnings Messages: Mo error
~
» Open Elaborated Design + Enabled Part: xc7k70tfogasa-2 Part ATk
Strategy: Vivado Synthesis Defaults Strateqgy: Vivado It
Location Ci/Datanvivado_TutorialTutorial_Created_Datalg o ! o
~ SYNTHESIS Incremental compile: Mone
Type: VHDL E‘
P Run Synthesis
Library: il_defauttiv | |- | o _
» Open Synthesi: k] DRC Violations Timing
o IMPLEMENTATION General  Fro < Rin Imnlementatinn tn cee DR resiits Run dmnlamantation o i
P RunImplementation
Tcl Console Messages Log Reports Design Runs
> Openimpl
Q = £ + %
~ PROGRAM AND DEBUG Name Constraints ~ Status WNS TNS WHS THS TPWS TotalPower FailedRoutes LUT FF  BRAMs URAM DSP  Start
J% Generate Bitstream ~ > synth_1 constrs_1 Mot started
> Open Hardware Manager impl_1 constrs_1 Mot started
< >

Figure 14: Project BFT in the Vivado IDE
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Step 2: Using the Sources Window and Text Editor

The Vivado tool lets you add different design sources including Verilog, VHDL, EDIF, NGC format cores,
SDC, XDC, DCP design checkpoints, TCL constraints files, and simulation test benches. These files can be
sorted in a variety of ways using the tabs at the bottom of the Sources window (Hierarchy, Libraries, or
Compile Order).

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.

The Vivado IDE includes a context sensitive text editor to create and develop RTL sources, constraints
files, and Tcl scripts. You can also configure the Vivado IDE to use third party text editors. Refer to the
Vivado Design Suite User Guide: Using the IDE (UG893) for information on configuring the Vivado tool.

Exploring the Sources Window and Project Summary

1. Examine the information in the Project Summary. More detailed information is presented as the
design progresses through the design flow.

2. Examine the Sources window and expand the Design Sources, Constraints and Simulation
Sources folders.

Sources
Q = & + &
- Design Sources (1)

> @ pREBFT) (btvhd) (20)

~ Constraints (1)

~ constrs_1 (1)
E5 bft_full_kintex7 xdc
~ Simulation Sources (1)
- sim_1 (1)
W bft_th (bft_thy) (1)
> & yut: bft(aBFT) (bitvhdl) (20)

Hierarchy  Libraries Compile Order

Figure 15: Viewing Sources

The Design Sources folder helps keep track of VHDL and Verilog source files and libraries. Notice
the Hierarchy tab displays by default.

3. Select the Libraries tab and the Compile Order tabs in the Sources window and notice the different
ways that sources are listed.
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4. The Libraries tab groups source files by file type. The Compile Order tab shows the file order used
for synthesis.

5. Expand the various folders to view the design source information.

6. Select the Hierarchy tab.

Exploring the Text Editor

1. Select one of the VHDL sources in the Sources window.

2. Right-click to review the commands available in the popup menu.

3. Select Open File, and use the scroll bar to browse the file contents in the Text Editor.

You can also double-click source files in the Sources window to open them in the Text Editor.

Project Summary round_3.whdl
Q % B B N E Q
40 use bftlib.bftPackage.all; o~

41
4z entity round 3 i=s

43 poEt |

44 clk: in std logic:
45 ¥ @ in xType;

465 =x0ut @ out xType

a7 1
48 end entity round_3;
49

a0 architecture aR3 of round 3 i=
51 constant u @ uType :=

52 (X" ARDD"

a3 X" 35RA"

ad X'ARTD",

a5 X" 95AA"

Figure 16: Context Sensitive Text Editor

Notice that the Text Editor displays the RTL code with context sensitive coloring of keywords and
comments. The Fonts and Colors used to display reserved words can be configured using the
Tools > Settings command. Refer to the Vivado Design Suite User Guide: Using the IDE (UG893) for
more information.
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4. With the cursor in the Text Editor, right-click and select Find in Files. Note the Replace in Files
command as well.

The Find in Files dialog box opens with various search options.

Find in Files »

Find text in multiple files. ‘

Eind what:
clld A

Options
Match case

Watch whole word

Use:

Scope
v Enabled design sources (9)
~' Enabled constraints (1)

+'| Enabled simulation sources (1)

+| Openin a new tab

Figure 17: Using Find in Files
5. Enter clk in the Find what: field, and click Find.

The Find in Files window displays in the messaging area at the bottom of the Vivado IDE.

Tcl Console Messages Log Reports Design Runs Find in Files
Q = =
= -
~ Found usages (125 usages) -

» @ CDatavivado_TutorialTutorial_Created_Datalproject_bftfproject_bft sres/sources_1/imports/hdl/FifoBuffery (& u:

» @ CDataNivado_TutorialTutorial_Created_Datalproject_bftfproject_bft sresisources_1/importsihdlifasync_fifo.v (28 usage
» @ C/DataVivado_TutorialTutorial_Created_Datalproject_bftiproject_bft sresisources_1/imparts/hdifbfiLibicore_transform.vhdl (5 usages)
» @b C/DataNivado_TutorialTutorial_Created_Datalproject_bftiproject_bft sres/sources_1/imports/hdifbfiLibiround_1 vhdl (2 o
» @b C/DataNivado_TutorialTutorial_Created_Datalproject_bftiproject_bft sres/sources_1/imports/hdifbfiLibiround_2 vhdl (17 4

» @b C/DataNivado_TutorialTutorial_Created_Datalproject_bftiproject_bft sres/sources_1/imports/hdifbfiLibiround_3 vhdl (5 o
| A B My ekl s d s Tderia M Tobaiol e atad Diabalers inad bfbleesinat o orsobosoess e 4 S eomocbe Seed 8 e comel & ssdminl) 070 comimremad o - L L L L il
Occurrences of "clk’

Figure 18: Viewing the Find in Files Results
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6. Inthe Find in Files window, expand one of the displayed files, and select an occurrence of clk in the
file.

Notice that the Text Editor opens the selected file and displays the selected occurrence of clk in the
file.

7. Close the Find in Files — Occurrences window.
8. Close the open Text Editor windows.

The next few steps highlight some of the design configuration and analysis features available prior
to running synthesis.

Step 3: Elaborating the RTL Design

The Vivado IDE includes an RTL analysis and IP customizing environment. There are also several RTL
Design Rule Checks (DRCs) to examine ways to improve performance or power on the RTL design.

1. Select Open Elaborated Design in the Flow Navigator to elaborate the design.

TIP: A dialog box appears informing you that your current settings will slow down netlist
elaboration. You can click OK to continue or Cancel to return to your project and edit your
Elaboration Settings, available in the Flow Navigator.

Elaborate Design

The current Elaboration settings allow you to perform IO planning and constraint-related
work with the elaborated netlist, but these settings slow down netlist elaboration.

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

D Don't show this dialog again

Figure 19: Elaborate Design Dialog Box

2. Ensure that the Layout Selector pull down menu in the main Toolbar has Default Layout selected.

The Elaborated Design enables various analysis views including an RTL Netlist, Schematic, and
Graphical Hierarchy. The views have a cross-select feature, which helps you to debug and optimize
the RTL.
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Explore the logic hierarchy in the RTL Netlist window and examine the Schematic.

You can traverse the schematic by double-clicking on cells to push into the hierarchy, or by using
commands like the Expand Cone or Expand/Collapse from the Schematic popup menu. Refer to
the Vivado Design Suite User Guide: Using the Vivado IDE (UG893) for more information on using the
Schematic window.

4. Select any logic instance in the Schematic and right-click to select the Go to Source or Go to
Definition commands.
The Text Editor opens the RTL source file for the selected cell with the logic instance highlighted. In
the case of the Go to Definition command, the RTL source file containing the module definition is
opened. With Go to Source, the RTL source containing the instance of the selected cell is opened.
5. Click the Messages window at the bottom of the Vivado IDE, and examine the messages.
6. Click the Collapse All button in the Messages toolbar.
7. Expand the Elaborated Design and the synth_design -rtl -name rtl_1 messages.
Tcl Console Messages Log Reports Design Runs
Q = = T, =] /00 Waming (F) || @ Info (47) (@ Status (11) o
> Vivado Commands (7 infos -
~ [ Elaborated Design (7 warnings, 40 infos
~ & synth_design -ril -name rtl_1 (7 warnings, 40 infos
> [Synth 8-614] signal ‘wbinputData’ is read in the process butis notin the sensitivity list [pft.vhdl94] (1 more like this
> @ [Synth 8-638] synthesizing module "bft [oftvhdl:52] (7 more like this
[Synth 8-5974] attribute "use_dsp48” has been deprecated, please use "use_dsp” instead
> @ [Synth 8-256] done synthesizing module ‘coreTransform' (181) [core_transformvhdl:60] (7 more like this
© [Synth 8-5534] Detected attribute (* ASYNC_REG = "TRUE™ *) [async_fifo.v:234] .
< >
Figure 20 Messages Dialog Box
Notice there are links in the messages to open the RTL source files associated with a message.
8. Click one of the links and the Text Editor opens the RTL source file with the relevant line highlighted.
9. Close the Text Editor windows.
10. Close the Elaborated Design by clicking on the X on the right side of the Elaborated Design window
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Step 4: Using the IP Catalog

The Xilinx IP Catalog provides access to the Vivado IP configuration and generation features. You can
sort and search the Catalog in a variety of ways. IP can be customized, generated, and instantiated.

1. Click the IP Catalog button in the Flow Navigator, under Project Manager.
2. Browse the IP Catalog to examine the various categories and IP filtering capabilities.

3. Click the Group by taxonomy and repository icon and notice the selection to Group by taxonomy
and Group by repository.

4. Expand the Basic Elements folder.
5. Double-click DSP48 Macro.

The Customize IP dialog is opened directly within Vivado Design Suite, which allows you to perform
native customization and configuration of IP within the tool. To learn more about IP configuration
and implementation, see the Vivado Design Suite User Guide: Designing with IP (UG896) and the
Vivado Design Suite Tutorial: Designing with IP (UG939).

6. Click Cancel to close the Customize IP dialog without adding the IP to the current design.

7. Close the IP Catalog tab by clicking on the X on the window tab.
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Step 5: Running Behavioral Simulation

The Vivado IDE integrates the Vivado Simulator, which enables you to add and manage simulation
sources in the project. You can configure simulation options, and create and manage simulation source

sets. You can run behavioral simulation on RTL sources, prior to synthesis.

1. In the Flow Navigator, under Project Manager, click the Settings command.

The Settings dialog box opens with Project Settings at the top, and Tool Settings below that.

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
Selection Rules
Shortcuts
Strategies
> Window Behavior

Simulation
Specify various settings associated to Simulation

Target simulator: Vivado Simulator
Simulator language: Werilog
Simulation set: = sim_1

Simulation top module name: | bft_tb

< Clean up simulation files

Compilation Elaboration Simulation Netlist

Verilog options:

Generics/Parameters options:
xsim.compile.tcl.pre
xsim.compilexvhdl.nosort
x¥sim.compilevlog.nosort
xsim.compilesxviog.relax

Select an option above to see a description of it

Advanced

Cancel

“

L]

Figure 21: Simulation Settings - Update

2. Examine the settings available on the Simulation page, then click Cancel to close the dialog box.

3. Click the Run Simulation command in the Flow Navigator, then click the Run Behavioral
Simulation in the sub-menu.

4. Examine and explore the Simulation environment.

Simulation is covered in detail in the Vivado Design Suite User Guide: Logic Simulation (UG900) and

the Vivado Design Suite Tutorial: Logic Simulation (UG937).

5. Close the simulation by clicking the X icon on the Behavioral Simulation view banner.

6. Click OK to close the Simulation window and click No if prompted to save changes.
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Step 6: Reviewing Design Run Settings

One of the main differences between the Non-Project mode you used in Lab #1 and the Project mode,
which you are now using, is the support of design runs for synthesis and implementation. Non-Project
mode does not support design runs.

Design runs are a way of configuring and storing the many options available in the different steps of
the synthesis and implementation process. You can configure these options and save the configurations
as strategies to be used in future runs. You can also define Tcl.pre and Tcl .post scripts to run
before and after each step of the process, to generate reports before and after the design progresses.

Before launching the synthesis and implementation runs you will review the settings and strategies for
these runs.

1. In the Flow Navigator, under Project Manager, click the Settings command.

The Settings dialog box opens.

Settings X

Synthesis

Project Settings Specify various settings associated to Synthesis ‘
L7 T =
Simulation Constraints
Elaboration
Synthesis Default constraint set. | & constrs_1 (active) hd
Implementation i

Options
Bitstream

» y
IP Strateqy: A& Vivado Synthesis Defaults (Vivado Synthesis 2017) e H

Tool Settings

g Description:  Vivado Synthesis Defaults
Project
~ Synth Design {(vivado

IP Defaults g }

) tcl.pre E
Source File E

tcl.post

Display P
WebTalk -flatten_hierarchy rebuilt hd
Help -gated_clock_conversion off ~

> Text Editor -bufg 12
3rd Party Simulators -fanout_limit 10,000

s Colors -directive Default hd
Selection Rules -retiming
Shortcuts Select an option above to see a description of it
Strategies

»  Window Behavior

(?) oK | ‘ Cancel

Figure 22: Synthesis Settings
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2. Select the Synthesis page under Project Settings.

The Synthesis Settings provide you access to the many options available for configuring Vivado
synthesis. For a complete description of these options, see the Vivado Design Suite User Guide:
Synthesis (UG901).

3. After reviewing the various synthesis options, select the Implementation page on the left side of
the Settings dialog box, as shown in Figure 23.

The Settings change to reflect the Implementation settings. You can view the available options for
implementation runs. For a complete description of these options, see the Vivado Design Suite User
Guide: Implementation (UG904).

Settings X

Implementation

Project Settings Specify various settings associated to Implementation ‘
LT 7T - e
Simulation Constraints
Elaboration
Synthesis Default constraint set: | & constrs_1 (active) A
Implementation )

Options
Bitstream
> P Y| Run report UltraFast methodology after routing
Tool Settings .
. Incremental compile: IZ'
Project
IP Defaults Strategy: £ Vivado Implementation Defaults (Vivado Implementation 2017)  ~| |
Source File
) Description: Default settings for Implementation.
Display
WebTalk ~0Opt Design {opt_design)
Help is_enabled +

> Text Editor tcl.pre []
3rd Party Simulators tcl.post E

> Colors -verbose
Selection Rules -directive Default v

o
Shortcuts Select an option above to see a description of it
Strategies

»  Window Behavior

P
(?) 0K ‘ ‘ Cancel

Figure 23: Implementation Settings

4. Click Cancel to close the Settings dialog box.

You are now ready to launch Vivado synthesis and implementation.
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Step 7: Synthesizing and Implementing the Design

After configuring the synthesis and implementation run options, you can:

Use the Run Synthesis command to run only synthesis.

Use the Run Implementation command, which will first run synthesis if it has not been run and
then run implementation.

Use the Generate Bitstream command, which will first run synthesis, then run implementation if
they have not been run, and then write the bitstream for programming the Xilinx device.

Launch the selected synthesis or implementation runs.

Launch directory: | &0 =Default Launch Directory= o

Options
#® | aunch runs on local host Mumber of jobs: 1 w

Generate scripts only

Don't show this dialog again

Figure 24: Launch Runs

For this tutorial, we will run these steps one at a time.

1.
2.

In the Flow Navigator, click the Run Synthesis button.
Click OK to launch Synthesis with the default options and wait for the task to complete.

Notice the progress bar in the upper-right corner of the Vivado IDE, indicating the run is in
progress. Vivado launches the synthesis engine in a background process to free up the tool for
other actions. While the synthesis process is running in the background, you can continue browsing
Vivado IDE windows, run reports, and further evaluate the design. You will notice that the Log
window displays the synthesis log at the bottom of the IDE. This is also available through the
Reports window.

After synthesis has completed, the Synthesis Completed dialog box prompts you to choose the next
step.
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Synthesis Completed

0 Synthesis successfully completed.

Next
@Bun Implementation
Open Synthesized Design

View Reports

Dont show this dialog again

|/-_-\.

Figure 25: Synthesis Complete

3. Select Run Implementation, and click OK.

4. Click OK to launch Implementation with the default options and wait for the task to complete.

The implementation process is launched, and placed into a background process after some

initialization.

The next step in this tutorial shows you how to perform design analysis of the synthesized design
while waiting for implementation to complete.
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Step 8: Analyzing the Synthesized Design

Opening the synthesized design enables design analysis, timing constraint definition, 1/O planning,
floorplanning and debug core insertion. These features are covered in other tutorials, but you can take
a quick look in this step.

1. While implementation is running, select Open Synthesized Design in the Flow Navigator and wait
for the design to load.

Notice that as the Vivado IDE opens the synthesized design, the implementation continues running
in the background. At some point while you are exploring the synthesized design, implementation
will complete, and the Implementation Completed dialog box prompts you to choose the next step.

Implementation Completed X

o Implementation successfully completed.

Next
# Open Implemented Design
Generate Bitstream

View Reports

Dont show this dialog again

Figure 26: Implementation Complete

2. Click Cancel to close the dialog without taking any action.

Note: This leaves the synthesized design open. You will open the implemented design after you are
finished examining the features of the synthesized design.

3. Ensure that the Layout Selector pull-down menu in the main Toolbar has Default Layout selected.
Click the Reports tab at the bottom of Vivado IDE.

If the Reports window is not open, you can open it with Windows > Reports.

Double-click Vivado Synthesis Report to examine the report.

Double-click Utilization Report to examine the report.

Close all reports when you have finished examining them.

©® N o w

Click the Messages tab at the bottom of the Vivado IDE.
If the Messages window is not open, you can open it with Windows > Messages.

The Messages window provides message type filters in its banner that display or hide Error, Critical
Warning, Warning, Info, and Status messages.
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9. Click the Collapse All button & to condense all of the Messages.

10. Expand the Synthesis messages.

11. Scroll through the Synthesis messages and notice the links to specific lines within source files. Click
some of the links and notice the source file opens in the Text Editor with the appropriate line

highlighted.

‘ SYNTHESIZED DESIGN - xc7k70tthg484-2 (active)

Sources Metlist Project Summary Device bftwvhdl
= H o Q x B KB /4 B Q
3 oot -~ 93 . ——get the data back in sync with the enable ~N
5 Nats (1726) 94 : procn.ass [whClk)
- 95+ bhegin
L LeafCells (142) 96 wbInputhataitaged <= whInputData;
3 arndt (round_1) 97 . wbInputDatastagel <= whInputDataStagel;
> arnd2 (round_2) 22 | end process;
’ arnd3 (rounc_3) 100 . ——state machine to load date from the WE bus to the input fifos
> arnd4 (round_4) 101 [ process (whClk)
H egressLoop[0].earessFifo (FifoBuffer 10z '+ begin
103 if risi bClk) th
» egressloop[l].egressFifo (FifoBuffer_0) 104 it rising edge (u J =
¥ egressLoop[2]).egressFifo (FifoBuffer_1) 105 [ if (reset = 'l'}) then
» egressLoop[3].egressFifo (FifoBuffer_2) 106 readIngressFifo <='1';
X w7 o loadState <= 30;
& wbhataForInputRey <= '0';
Source File Properties 19 . elae
_ 11a readIngressFifo <='0"';
i bitvhdl o 111 . loadState <= loadNextState;
~ 11z whlataForInputRey <= whlataForInput;
< Enabled 113 end if;
o ) ) . . 114 end if;
Location: C:/DatalVivado_TutorialMutorial_Created_Datalpro 115 end process:
Type: vioL [ He |
~ 117 —— A szimple state machine to run the 1 to 4 demux
{ LA 11% . —— loadIngressFifo is later used as @ omehot emable to the fifo
General  Frop oy N e
Tcl Console Messages Log Reports Design Runs
aQ = = ¥ B @ v Warning (140) | @ Info (308) (@ Status (65) Show All o
Fl
~ [@ Synthesis (140 warnings, 277 infos) -
* @ [Commaon 17-361] Successfully registered findCommand” as findCmd’. (1 more like this)
@ [Common 17-349) Got license for feature "Synthesis” andlor device %cTk70t-fhg484°
> [Synth 8-614] signal ‘wbinputData' is read in the process butis notin the sensitivity list [bftvhdl:94] (1 more like this)
> @ [Synth 8-638] synthesizing module "bft [6ftvhdl:52] (7 more like this)
[Synth 8-5974] attribute "use_dsp48™ has been deprecated, please use "use_dsp” instead
> @ [Synth 8-256] done synthesizing module ‘coreTransform’ (181) [core_transform.vhdl 601 (7 more like this)
O [Synth 3-5534] Detected attribute (* ASYNC_REG = "TRUE™ *) [async_fifo.v:234]
£ ¥
Figure 27: Synthesis Messages Linked to Source Files
12. In the Flow Navigator, under Synthesized Design, select Report Timing Summary.
The Report Timing Summary dialog box opens. Examine the various fields and options of this
command.
13. Click OK to run with default options.
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The Timing Summary Results window opens.

Tcl Console Messages Log Reports Design Runs Timing

Q T 2 C HW7” DesignTiming Summary

~ ~

General Information

Timer Settings Setup Hold Pulse Width
© Design Timing Summary Worst Megative Slack (WNS).  2.237 ns Worst Hold Slack (WHS): -0.214 ns Worst Pulse Width Slack (WF
Clock Summary (2) Total Negative Slack (TNS):  0.000 ns Total Hold Slack (THS): -1.882ns Total Pulse Width Negative S
? '@ CheckTiming (59) Mumber of Failing Endpoints: 0 Mumber of Failing Endpoints: 25 Mumber of Failing Endpoints
b Intra-Clock Paths . _— .
Total Number of Endpoints: TE53 Total Number of Endpoints: 7653 Total Mumber of Endpoints:
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Figure 28: Report Timing Summary

14. Examine the Timing Summary results showing timing estimates prior to implementation. Click on
some of the reporting categories in the tree on the left side of the Timing Summary Results window.

15. Select Report Power in the Flow Navigator.
The Report Power dialog box opens. Examine the various fields and options of this command.
16. Click OK to run with default options.

The Power Results window opens. Examine the Power Results window showing power estimates
prior to implementation. The report is dynamic, with tooltips providing details of the specific
sections of the report when you move the mouse over the report, as shown in Figure 29.

17. Click some of the reporting categories in the tree on the left side of the Power Results window to
examine the different information presented.

Tcl Console | Messages Log Reports Design Runs Timing Power
aQ = = ” Summary
Settings - N ) ) - . a
Power estimation from Synthesized netlist. Activity On-Chip Power
Surnmary (0.37 W) derived from constraints files, simulation files ar
Power Supply vectorless analysis. MNote: these early estimates can Dynamic: 0287W (78%)
+ Utilization Details change afterimplementation. B o o
; ; Slocks: . V
Hierarchical (0.2 Total On-Chip Power: 037 W 18%
Signals: 0.052'wW
Clocks (0.018W] Junction Temperature: 25.9°C 78% 7%
w3 Logic: 0.021'W
Signals (0.052, Thermal Margin: 59.1°C (236 W) - -
ERAM: 0.045W
Data (0.087 Effective SJA 25 °CW '
Clock Enable 52% DSP: 0151w
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SetiReset (=( Confid level: Low 10 =0.001 W
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Figure 29: Report Power

18. Close the Timing Summary results, the Power Report window, and any open Text Editor windows.
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Step 9: Analyzing the Implemented Design

The Vivado IDE is interactive, enabling editing of design constraints and netlists on the in-memory
design. When you save the design, constraint changes are written back to the original source XDC files.
Alternatively, you can save the changes to a new constraints file to preserve the original constraints.
This flexibility supports exploration of alternate timing and physical constraints, including floorplanning,
while keeping the original source files intact.

Opening the Implemented Design

1. Select Open Implemented Design in the Flow Navigator.

2. If prompted, select Yes to close the synthesized design and Don’t Save.
You can see the Implemented Design displayed in the Device window.

3. Click on the Reports tab at the bottom of the Vivado IDE.

If the Reports window is not open, you can open it with Windows > Reports. Select and examine
some of the reports from Place Design and Route Design. Close each of the reports when you are
done.

4. Select the Messages tab at the bottom of the IDE.

If the Messages window is not open, you can open it with Windows > Messages.

-
5. Click the Collapse All button & to condense all of the Messages.

6. Expand the Implementation folder

7. View the messages from Design Initialization, Opt_Design, Place_Design, and Route_Design.

Analyzing Routing

After the design has been placed and routed, you can generate a timing report to verify that all the
timing constraints are met. You can select paths from the Timing Report window to examine the routed
path in the Device window. If there are timing problems, you can revisit the RTL source files or design
constraints to address any problems.

1. In the Device window, select the Routing Resources button === to display the device routing.

This lets you see the routed connection in the Device window. Though you will need to zoom
closely into the device to see elements of the route, a zoomed-out view lets you see the route in its
entirety.

2. Select the Auto-fit Selection button ‘5:} in the Device window toolbar menu to enable the Vivado
IDE to automatically zoom into and center the selected objects.

3. On the left side pane of the Timing window, select:

Intra-Clock Paths > wbClk > HOLD
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4. In the table view on the right side of the Timing Summary Report window, click any timing path to
select it and highlight it in the Device window. Select various paths in the Timing Summary window
and examine the path routing.

5. On the left side pane of the Timing Summary Results window, select:
Intra-Clock Paths > wbClk > SETUP

6. Click any path in the table view on the right side of the Timing Summary Results window to select it
and highlight it in the Device window. Select various paths in the Timing Summary Results window
and examine the path routing.
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Figure 30: Examine Routing for Timing Paths
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Step 10: Generating a Bitstream File

With IOSTANDARD constraints defined for all of the I/O ports, and the logic of the design placed with
assigned LOCs, you can generate a bitstream. Before launching Write Bitstream, you will review the
settings for this command.

1. In the Flow Navigator, under the Project Manager, select Settings.

The Settings dialog box opens.

Settings X

Bitstream
Project Settings Specify various settings related to writing bitstream ‘
Gemeral .
Simulation @ Configure additional bitstream settings.
Elaboration
A B S
Synthesis Write Bitstream (write_bitstream)
Implementation telpre =
Bitstream telpost =
> IP -raw_bitfile
-mask_file
Tool Settings ’ -
-no_binary_bitfile
Froject
-bin_file
IP Defaults
. -readback_file
Source File -
Display -logic_location_file
WebTalk -verbose
Help More QOptions
> Text Editor
3rd Party Simulators
» Colors
Selection Rules
Shortcuts
Strategies Select an option above to see a description of it
> Window Behavior

Figure 31: Bitstream Settings

2. Select the Bitstream page.

3. The Bitstream Settings provides you access to the options available for the write_bitstream
command. For a complete description of these options and how to use them, see the Vivado Design
Suite User Guide: Programming and Debugging (UG908).

Click Cancel to close the Settings dialog box.
In the Flow Navigator, under the Program and Debug section, click Generate Bitstream.

Click OK to launch with the default options and wait for the task to complete.

N o uoA

After the bitstream has been generated, click OK in the Bitstream Generation Completed dialog box
to view the reports from the command.
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Summary

This concludes the tutorial. After completing this tutorial, you should be able to do the following:
e Use Project mode and Non-Project mode.
e Create an RTL project in Vivado IDE.
e Configure and launch the Vivado synthesis, simulation, and implementation tools.
e Apply constraints to the synthesized design.
e Generate timing and power reports.
e Examine routing results in the Device editor.
e Generate a bitstream file.

e Switch between the Vivado Design Suite Tcl shell and the Vivado IDE.
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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 1S" 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 http://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 http://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 2012-2018 Xilinx, Inc. Xilinx, the Xilinx logo, Artix, ISE, Kintex, Spartan, Virtex, 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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