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Vivado Design Flow

Introduction

This lab guides you through the process of using Vivado IDE to create a simple HDL design targeting the
Nexys4 DDR, the Basys3 board, or the Nexys Video. You will simulate, synthesize, and implement the
design with default settings. Finally, you will generate the bitstream and download it in to the hardware to
verify the design functionality

Objectives

After completing this lab, you will be able to:

e Create a Vivado project sourcing HDL model(s) and targeting a specific FPGA device located on the
Nexys4 DDR, or the Basys3, or the Nexys Video

Use the provided Xilinx Design Constraint (XDC) file to constrain the pin locations

Simulate the design using the Vivado simulator

Synthesize and implement the design

Generate the bitstream

Configure the FPGA using the generated bitstream and verify the functionality

Procedure

This lab is broken into steps that consist of general overview statements providing information on the
detailed instructions that follow. Follow these detailed instructions to progress through the lab.

Design Description

The design consists of some inputs directly connected to the corresponding output LEDs. Other inputs
are logically operated on before the results are output on the remaining LEDs as shown in Figure 1.
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Figure 1. The Completed Design
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General Flow

Step 1: Step 2: Step 3: Step 4:
Create a Simulate the Synthesize Implement
Vivado |:> Design using the Design the Design
Project using Vivado
IDE Simulator
Step 5: Step 6:
Perform the |:> Verify
Timing Functionality
Simulation in Hardware

Create a Vivado Project using IDE

Step 1

1-1. Launch Vivado and create a project targeting the XC7A100TCSG324-1
device (Nexys4 DDR), the XC7A35TCPG236-1 (Basys3), or the
XC7A200TSBG484-1 (Nexys Video), and using the Verilog HDL. Use the
provided lab1.v and lab1_<board>.xdc files from the
2015_2_artix7_sourcesl\lab1 directory.

1-1-1. Open Vivado by selecting Start > All Programs > Xilinx Design Tools > Vivado 2015.2 >
Vivado 2015.2

1-1-2. Click Create New Project to start the wizard. You will see Create A New Vivado Project dialog
box. Click Next.

1-1-3. Click the Browse button of the Project location field of the New Project form, browse to
c:\xup\fpga_flow\2015_2_artix7_labs, and click Select.

1-1-4. Enter lab1 in the Project name field. Make sure that the Create Project Subdirectory box is
checked. Click Next.
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Project Name
Enter a name for yvour project and specify a directory where the project data files will be stored,

Projeck name:

Project location: I C:,l'xup,l'Fpga_FIu:uW,l?D15_2_artix_?_|abs|

I Create project subdirectoryl

Project will be created at: C:fxupffpga_Flowi2015_2_artix_7_labsflabl

< Back, Einish Cancel

Figure 2. Project Name and Location entry
1-1-5. Select RTL Project option in the Project Type form, and click Next.

1-1-6. Using the drop-down buttons, select Verilog as the Target Language and Simulator Language in
the Add Sources form.

Add Sources

Specify HOL and netlist files, or directories containing HOL and netlist files, to add to wour project, Create a
niew source File on disk and add it to wour project, You can also add and create sources later,

Pressthe = button to Add Files, Add Directories or Creats File

arcan and add RTL inchade files into project
Copy sources inbo project

| Add sources from subdirectories

Target language: Simulator language:

< Back Finish Cancel

Figure 3. Selecting Target and Simulator language
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1-1-7. Click on the Green Plus button, then Add Files... and browse to the
c:\xup\fpga_flow\2015_2_artix7_sources\lab1 directory, select lab1.v, click OK.

If it isn’t already checked, check Copy sources into project and then click Next to get to the Add
Existing IP form.

1-1-8. Since we do not have any IP to add, click Next to get to the Add Constraints form.

1-1-9. Click on the Green Plus button, then Add Files... and browse to the
c:\xup\fpga_flow\2015_2_artix7_sources\lab1 directory (if necessary), select lab1_basys3.xdc,
lab1_nexys4_ddr.xdc, or lab1_nexys_video.xdc and click OK (if necessary), and then click Next.
This Xilinx Design Constraints file assigns the physical IO locations on FPGA to the switches and
LEDs located on the board. This information can be obtained either through the board’s
schematic or the board’s user guide.

1-1-10. In the Default Partform, use the Parts option and various drop-down fields of the Filter section. If
using the Nexys4 DDR board, select the XC7A100TCSG324-1 part. If using the Basys3 board,
select the XC7A35TCPG236-1, or XC7A200tsbg484-1 for the Nexys Video.

Default Part
Chaoose a default ¥ilin: part or board For wour project. This can be changed later,
Select: | & Parts | @ Boards
4 Fileer
Product category: | General Purpose « Package: csg324 -
Eamily; Artix-7 - Speed grade; | -1 -
Sub-Farmily: Artix-7 Temp grade: | C -
Si Revision: all Remaining =
Reset All Filkers
Search:
part gu?us::n IP'C“)‘.BaislabIIB IIEIL;-lr'nents FlipFlops
@ wc7alStesg3ze-1 324 210 10400 20300
@ wcTadstosg3zg-1 324 210 20500 41600
@ wc7as0bcsg324-1 324 210 32600 &5200
@ wcTa7Shosg3re-1 324 210 47200 4400
|$ xc7al00kcsg3z24-1 324 210 53400 126800
<
% Back ek = Einish Cancel
Figure 4. Part Selection for the Nexys4 DDR
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Default Part

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

Select: @ Boards

4 Filker

Product category:
Eanmily:
Sub-Family:

Search: | CL

Part

General Purpose

Artix-7 -

Artix-7

Package:
Speed grade:

Temp grade:

Si Revision: Al Remaining

Reset Al Filkers

Awailable LuT
ICEs Elements

106 10400

FlipFlops

20300

106 20800 41600

xC7alStopgeie-1
& xc7a35tcpgE3E-1
¥C7as0kcpgese-1

106 F2600 65200

Einish

Figure 4. Part Selection for the Basys3

Default Part

Choose a default ¥ilinx part or board for your project. This can be changed later.

Select: & Boards

4 Filter
Product category:
Eamily:
Sub-Family:

4 wc7a200tsbg484-1

Cancel

Al
Artix-7
Artix-7

Package:
Speed grade: |-1

Temp grade: |C

|44

Si Revizion: All Remaining

Reset All Filters

Block
RAMs

|365

Available LUT
10Bs Elements

| 134600

FlipFlops

|269200

< Back

Einish

Figure 4. Part Selection for the Nexys Video

You may also select the Boards option, select digilentinc.com under the Vendor filter and select
the appropriate board. Notice that Nexys4 DDR, the Basys3, and the Nexys Video may not be
listed as they are not in the tools database. If not listed then you can download the board files for
the desired boards either from Digilent Inc website or from the XUP website’s workshop material

pages.
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Default Part

Choose a default ¥ilinx: part or board For wour project. This can be changed later,

Select: & Parts

4 Filker
Vendar: all
Display Mame: | all
Board Rey: Latest

Reset all Fikers

Search: | O

Display Mame Yendor Board Rev Part 1/ Pin Count - File Wersion

& Arty digilertine. com E.0 @ xc7alShcsg324-10 324 1.1
E Basys3 digilentinc,.com C.0 |$ *¥C7a35bcpg2 36-1 236 1.1
B Mexvsa digilerkinc.com B.1 @ xc7al00kcsg324-1 324 1.1
E Mexws4 DDR digilentinc. com .1 i wcTFal00kcsg324-1 324 1.1

Mexws Yideo digilentinc. com A.0 i@ xcFaz00ksbg4a4-1 434 1.1
Zvbo digilentinc,.com B.3 @ wc72010clg400-1 400 1.0
@ ZedBoard Zvng Evaluation and Development Kit em,avnet,com d @ wc7e020clg454-1 454 1.3
B Artix-7 HC701 Evaluation Platfarm wilir:, com 1.1 @ wcFaz00kfbhge7e-2 676 1.2

@ Kintex-7 KC70S Evaluation Platform wilie . com 1.1 @ xcTk325HFgo00-2 1.2
£

< Back Finish

Figure 5. Selecting the target board
1-1-11. Click Next.

1-1-12. Click Finish to create the Vivado project.

Use the Windows Explorer and look at the c:\xup\fpga_flow\2015_2_artix7_labs\lab1 directory.
You will find that the lab1.cache and lab1.srcs directories and the lab1.xpr (Vivado) project file
have been created. The lab1.cache directory is a place holder for the Vivado program database.
Two directories, constrs_1 and sources_1, are created under the lab1.srcs directory; deep down
under them, the copied lab1_<board>.xdc (constraint) and lab1.v (source) files respectively are
placed.
J labl
) labl.icache
J labl.srcs
, constrs_1
J imports
J labl
) sources_ 1
Jimports
) labl

Figure 6. Generated directory structure

1-2. Open the lab1.v source and analyze the content.

1-2-1. In the Sources pane, double-click the lab1.v entry to open the file in text mode.
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1-2-2.

1-2-3.

1-2-4.

1-3.

1-3-1.

Project Manager - labl

Fa
*

Sources — O
A= wey B|E
— Design Sources (1)
[ By labl (labl.y)
+H= Constraints (1]
+= Simulation Sources (1]

Hierarchy | Libraries | Compile Order
44 Sources | 7 Templates

Figure 7. Opening the source file

Notice in the Verilog code that the first line defines the timescale directive for the simulator. Lines
2-4 are comment lines describing the module name and the purpose of the module.

Line 7 defines the beginning (marked with keyword module) and Line 19 defines the end of the
module (marked with keyword endmodule).

Lines 8-9 defines the input and output ports whereas lines 12-17 defines the actual functionality.

Open the lab1_basys3.xdc, lab1_nexys4_ddr.xdc, or lab1_nexys_video.xdc
source and analyze the content.

In the Sources pane, expand the Constraints folder and double-click the lab1_<board>.xdc entry
to open the file in text mode.

Sources

=I-{= Design Sources (1)

{0 LB labl (labl.)

-y Constraints (1)

: L----_'u:u:unstrs_l (13

: Lo ]b] abl_nescys4_ddr.xdc
+-{7 Sirnulakion Sources (1)

Figure 8. Opening the constraint file

1-3-2. For the lines 5-12 defines the pin locations of the input switches [7:0] and lines 17-24 defines the
pin locations of the output LEDs [7:0].

1-4. Perform RTL analysis on the source file.

1-4-1. Expand the Open Elaborated Design entry under the RTL Analysis tasks of the Flow Navigator
pane and click on Schematic.
The model (design) will be elaborated and a logic view of the design is displayed.
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Figure 9. A logic view of the design

Notice that some of the switch inputs go through gates before being output to LEDs through
output buffers and the rest go through input buffers and output buffers to LEDs as modeled in the

file.

Simulate the Design using the Vivado Simulator Step 2

2-1. Add the lab1_tb.v testbench file.

2-1-1. Click Add Sources under the Project Manager tasks of the Flow Navigator pane.

Flows Mavigataor &

0 opg
A g &

4 Project Manager

% Project Settings

Q"J"i' add Sources

'1__;' Language Templates

i]: IP Catalog

Figure 10. Add Sources

2-1-2. Select the Add or Create Simulation Sources option and click Next.
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2-1-3.

2-1-4.

2-1-7.

2-1-8.

Add Sources

V | \/ADO ’ This guides wou through the process of adding and creating sources For wour project

() Add or create constraints

() Add or create design sources

(@) Add or create simulation sources
() Add or create DSE sources

() Add existing block design sources
() Add existing IP

Figure 11. Selecting Simulation Sources option
In the Add Sources Files form, click the Green Plus button and then Add Files....

Browse to the c:\xup\fpga_flow\2015_2_artix7_sources\lab1 folder and select /ab1_tb.v and
click OK.

Click Finish.

Select the Sources tab and expand the Simulation Sources group.

The lab1_tb.v file is added under the Simulation Sources group, and lab1.v is automatically
placed in its hierarchy as a dut (device under test) instance.

Sources
A== wa R
- Design Sources (1)

L.@BR lab1 (labl.v)

eI " onistraints (1)
EI--1.-—..' Simulation Sources (1)

[ sim_1 (1)
-4 lab1_tb (lab1 _th) (1)
ol duk - lab (labl

Figure 12. Simulation Sources hierarchy

Using the Windows Explorer, verify that the sim_1 directory is created at the same level as
constrs_1 and sources_1 directories under the lab1.srcs directory, and that a copy of lab1_tb.v is
placed under lab1.srcs > sim_1 > imports > lab1.

Double-click on the lab1_tb in the Sources pane to view its contents.
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2-2.

2-2-1.

1 "timescale lns / lps

R PP
3 /0 Module Name: labi th

A TS
Smodule labl_thi

L'y
=
i=:| )
b 4

reg [7:0] switches:
wire [7:0] leds:
reg [7:0] e_led:

integer i:
labl dut(.led(leds),.swt(switches)):

function [7:0] expected led;
input [7:0] swt;
begin
expected led[0]
expected led[l]

~awt[0];

swt[l] & ~swr[Z]:
expected led[3] swt[2] & swr[3]:
expected led[2] expected led[l] | expected led[3]:
expected_led[7:4] = swt[7:4]:

end

endfunction

initial
begin
for (i=0; i < Z55; i=1i+Z)
begin
#50 switches=1i;
#10 e_led = expected_led(switches):
if{leds == e_led)
Sdisplay ("LED output matched at", Stime):
elze
$display ("LED output mis-matched at ", 5time,": expected: %h, actwal: %b", e_led, leds):
end
enid

41 endmodule
4z

Figure 13. The self-checking testbench

The testbench defines the simulation step size and the resolution in line 1. The testbench module
definition begins on line 5. Line 15 instantiates the DUT (device/module under test). Lines 17
through 26 define the same module functionality for the expected value computation. Lines 28
through 39 define the stimuli generation, and compare the expected output with what the DUT
provides. Line 41 ends the testbench. The $display task will print the message in the simulator
console window when the simulation is run.

Simulate the design for 200 ns using the Vivado simulator.

Select Simulation Settings under the Project Manager tasks of the Flow Navigator pane.

A Project Settings form will appear showing the Simulation properties form.

2-2-2. Select the Simulation tab, and set the Simulation Run Time value to 200 ns and click OK.
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Elabaration

Synthesis

Implementation

Bitskream

Simulation

Target simulator;

Simulator language:
Simulation set:

Simulation top module name:

Clean up simulation Files

|:| Generate scripks anky

Vivado Simulator
Yerilog
i sim_1

lab1_tb

-

" Compilation | Elaboration. Simulation | Metlist Tﬂdvanced ]

simulate. runtime™
wsim, simulate, uuk
wsim, simulate. wdb

wsim, simulate, saif

wsirn, simulate. saif_all_signals

wsim. simulate, xsim, more_options

lwsim.simulate.runtime*
‘Specify simulation run time

Figure 14. Setting simulation run time

Cancel

2-2-3. Click on Run Simulation > Run Behavioral Simulation under the Project Manager tasks of the

Flow Navigator pane.

The testbench and source files will be compiled and the Vivado simulator will be run (assuming
no errors). You will see a simulator output similar to the one shown below.
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Behavioral Simulation - Functional - sim_1 - labl_tb

Scopes — O %X Objecs e 9 lab1_basys3.xdc x | Untitled 1 x =i

axs@esEc@eawa N 2] ] 16 B 3
Name Design Unit  Block Type Name Value pata T "
Bobbl b Jlabltd Verilog Mo.. [/ % switches[7:0] 00000100  Array < T e o
@ dut lab1 Verilog Mo... 5 % leds[7:0] 00000001  Array -
@ ghl glol Verilog Mo... £ % e_led[7:0] 00000001  Array —
[+ 4 i[31:0] 6 Arra

£ Scope | & Sources < i}

Td Console — O x

signals found. Simnlator will STart Wwithout a wave window. If YOU Want CO Open a wave window go to 'File->New Waveform CONfiguration’ or Type 'Create_wave_COnfig' in the ICL con

INFO: [USF-XSim-37] XSim sim

T

5 7d Console | © Messages | & Log

Figure 15. Simulator output

You will see four main views: (i) Scopes, where the testbench hierarchy as well as glbl instances
are displayed, (ii) Objects, where top-level signals are displayed, (iii) the waveform window, and
(iv) Tcl Console where the simulation activities are displayed. Notice that since the testbench
used is self-checking, the results are displayed as the simulation is run.

Notice that the lab1.sim directory is created under the lab1 directory, along with several lower-
level directories.

4 labl . i
|| Compile_Optionstd
lahl.cache ]
i || =sirndbg
4 labl.:im ]
] || xsirnumern
4 sim_1 ]
|| =sirnureloc
4 bekaw ] ]
) ) || msirm.rit
a wairm.dir sty
XSiFTLS e
labl th_behaw —— ty g
xsirm.bype
xil_defaultlib —— ?
|| xsirnxdbg
4 labl.srcs ]
|| =sirncrash.log
4 constrs_1 ]
] B sivnk.exe
a Imports .
zsirmkernellog
Iah =

Figure 16. Directory structure after running behavioral simulation

You will see several buttons next to the waveform window which can be used for the specific
purpose as listed in the table below.
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Table 1: Various buttons available to view the waveform

#[| | Waveform options

= | Save the waveform
@ | Zoom In

@| | Zoom Out

@ | Zoom Fit

et

4| | Zoom to cursor

I4 Goto Time 0

p| | Go to Last Time

1=| | Previous Transition
Next Transition
Add Marker
Previous Marker
Next Marker

Swap Cursors

Al | Snap to Transition
: Floating Ruler

& |LE

2-2-4. Click on the Zoom Fit button (:“*: ) to see the entire waveform.
Notice that the output changes when the input changes.

You can also float the simulation waveform window by clicking on the Float button on the upper
right hand side of the view. This will allow you to have a wider window to view the simulation
waveforms. To reintegrate the floating window back into the GUI, simply click on the Dock
Window button.

112 =

2 n=s . *
Figure 17. Float Button

— I o X

I
Figure 18. Dock Window Button

2-3. Change display format if desired.

2-3-1. Select i[31:0] in the waveform window, right-click, select Radix, and then select Unsigned
Decimal to view the for-loop index in integer form. Similarly, change the radix of switches[7:0] to
Hexadecimal. Leave the leds[7:0] and e_led[7:0] radix to binary as we want to see each output
bit.

v Xilinx.com/support/university Artix7 1-13
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2-4. Add more signals to monitor the lower-level signals and continue to run the
simulation for 500 ns.

2-4-1. Expand the lab1_tb instance, if necessary, in the Scopes window and select the dut instance.

The swi[7:0] and led[7:0] signals will be displayed in the Objects window.

Behavioral Simulation - Functional - sim_1 - labl_th

Scopes — O ® = Objects — O @ =
; G g 2 — d 1 = - { !
N .z_' =] ﬂ ¥ =EI | ﬂ B =] g ™ @ i é '('\Jl'\
Design Lnit Block, Type Mame Yalue Data Type

+-f"«.-1 switches[7:0] Q0000100 Array

lab1 Yerilog Module fr--a'@ leds[7:0] Q0000001 Array

albl Yerilog Module +-f"«.-1 e_led[7:0] Q0000001 Array

+-# i[31:0] & Array

% Scope | £ Sources

Figure 19. Selecting lower-level signals

2-4-2. Select swt[7:0] and led[7:0] and drag them into the waveform window to monitor those lower-
level signals.

2-4-3. On the simulator tool buttons ribbon bar, type 500 over in the simulation run time field, click on
500 ns v |43

4 since we

the drop-down button of the units field and select ns ( M Ra Pt
want to run for 500 ns (total of 700 ns), and click on the ( Pi") button.

The simulation will run for an additional 500 ns.

2-4-4. Click on the Zoom Fit button and observe the output.

Figure 20. Running simulation for additional 500 ns

Observe the Tcl Console window and see the output is being displayed as the testbench uses the

$display task.
INFO: [USF-X3im-96] X3im completed. Desigm snapshot 'labl_th_behaw' loaded.
INFO: [UaF-X5im-97] X3im simulation ran for Z200ns
~launch simulation: Time (s): cpu = 00:00:02 ; elapsed = 00:00:08 . Memory (MB): peak = 1159.863 :
“run 500 ns
LED output matched at 240
LED output matched at S00
LED output matched at 360
LED output matched at 420
LED output matched at 430
LED output matched at 540
LED output matched at 500
- LED output matched at Gal

Figure 21. Tcl Console output after running the simulation for additional 500 ns
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2-4-5.

2-4-6.

Synthesize the Design

Close the simulator by selecting File > Close Simulation.

Click OK and then click Discard to close it without saving the waveform.

Step 3

3-1. Synthesize the design with the Vivado synthesis tool and analyze the
Project Summary output.
3-1-1. Click on Run Synthesis under the Synthesis tasks of the Flow Navigator pane.
The synthesis process will be run on the lab1.v file (and all its hierarchical files if they exist).
When the process is completed a Synthesis Completed dialog box with three options will be
displayed.
3-1-2. Select the Open Synthesized Design option and click OK as we want to look at the synthesis
output before progressing to the implementation stage.
Click Yes to close the elaborated design if the dialog box is displayed.
3-1-3. Select the Project Summary tab and understand the various windows.
If you don’t see the Project Summary tab then select Layout > Default Layout, or click the
Project Summary icon r .
Project Summary — 0O & X
:ZJ' Project Settings Edit #
- Prevect name: bl Device, Project name
Prajact Iocat.ion: C:I#up,l’Fpga_Flow,l’ZDl5_2_arti><_?_|abs,|’lab1 TOp rfnodule name ’
Product Family: Artix-7
Projeck part: xc7al00bcsg324-1
Top module name:  |abl
synthesis 3 Implementation 3
Status: +/ Camplete Status: Mot started Implemen’ra’rion
Messages: Mo errors o warnings Synthesis Messages: Mo errars of warnings not started
Part: %cTal00tesg324-1 completed Part: x7al00kcsg324-1
Strateqy:  Wivado Synthesis Defaults Strategy: Wivado Implementation Defaulks
Incremental compile: Mone
DRC ¥iolations -3 Timing -3
Fun Implementation to see DRC results Run Implementation to see timing results
Utilization - Post-Synthesis 3 Power 3
Utilization in
LT TRE Graph mode
1jo 8%
0 5 50 75 100 ' Run Implementation to see power resulks
Estimated Utilizatiolé%)
Select between Graph
Graph | Table and Table display
Post-Synthesis | Post-Implementation
Figure 22. Project Summary view
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Click on the various links to see what information they provide and which allows you to change
the synthesis settings.

3-1-4. Click on the Table tab in the Project Summary tab.

Notice that there are an estimated three LUTs and 16 10s (8 input and 8 output) that are used.

Utilization - Post-Synthesis b3
Resource Estimation Aeailable Ukilization %
LuT 3 653400 0.01
IO 16 210 7.62
Graph | Table

Figure 23. Resource utilization estimation summary for the Nexys4 DDR

»

Utilization - Post-Synthesis

Resource Estimation Available Itilizakion
LaT 3 20300 0.01
Ii0 16 106 15.09
Graph | Table

Figure 23. Resource utilization estimation summary for the Basys3

o3

Utilization - Post-Synthesis

Resource Estimation Available Utilization %
LuT 3 134600 0.01
Ijo 15 285 5.61
Graph | Table

Figure 23. Resource utilization estimation summary for the Nexys Video

3-1-5. In The Flow Navigator, under Synthesis (expand Synthesized Design if necessary), click on
Schematic to view the synthesized design in a schematic view.
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Figure 24. Synthesized design’s schematic view

Notice that IBUFs and OBUFs are automatically instantiated (added) to the design as the input
and output are buffered. The logical gates are implemented in LUTs (1 input is listed as LUT1, 2
input is listed as LUT2, and 3 input is listed as LUT3). Four gates in RTL analysis output are
mapped onto four LUTs in the synthesized output.

Using Windows Explorer, verify that lab1.runs directory is created under lab1. Under the runs
directory, synth_1 directory is created which holds several files related to synthesis.

4 | labl
J labl.cache
4 | labLruns
| jobs
4 | synth_1
il

Figure 25. Directory structure after synthesizing the design
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Implement the Design Step 4

4-1.

Implement the design with the Vivado Implementation Defaults (Vivado
Implementation 2015) settings and analyze the Project Summary output.

4-1-1. Click on Run Implementation under the Implementation tasks of the Flow Navigator pane.

The implementation process will be run on the synthesized design. When the process is
completed an Implementation Completed dialog box with three options will be displayed.

4-1-2. Select Open implemented design and click OK as we want to look at the implemented design in
a Device view tab.

4-1-3. Click Yes, if prompted, to close the synthesized design.

The implemented design will be opened.

4-1-4. In the Netlist pane, select one of the nets (e.g. led_OBUF[1]) and notice that the net displayed in
the X1Y1 (Nexys4 DDR), X0YO0 (Basys3), or X0YO (Nexys Video) clock region in the Device view
tab (you may have to zoom in to see it).

4-1-5. If itis not selected, click the Routing Resources icon HI to show routing resources.

Metlisk
= 7l|[E
1 labl
= Mets (28]
ol led ()
—+-=lF led _OBUF (5]
----- ol led_OBUFL3]
----- ol led_OBUF[4]
----- o led_OBUF[S]
----- o led_OBUF[E]
----- o led_OBUFLT]
sl sk (5]
15l swt_IBLIF (4
-1 Leaf Cells (707
Figure 26. Selecting a net
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Figure 27. Viewing implemented design for the Nexys4 DDR

Figure 27. Viewing implemented design for the Basys3

Figure 27. Viewing implemented design for the Nexys Video

v www.xilinx.com/support/university Artix7 1-19
i‘ X”—INX@ xup@xilinx.com

© copyright 2015 Xilinx



Lab Workbook Vivado Design Flow

4-1-6. Close the implemented design view by selecting File > Close Implemented Design, and select
the Project Summary tab (you may have to change to the Default Layout view) and observe the
results.

Select the Post-Implementation tab.

Notice that the actual resource utilization is three LUTs and 16 10s. Also, it indicates that no
timing constraints were defined for this design (since the design is combinatorial).

% Project Summary X @ Device X @ labl thw X ar %
=

= Project Settings Edic &
(5]

| Praojectname:  labl

Project location: €1 fxupfpga_flow[2015_2_artix_7_labsflab1
Product family:  Artix-7

Project part: 23l 00kcsg324-1

Top module name:  labl

Synthesis # | Implementation 2
Status: «f Complete Status: «f Complete

Messages: Mo Errors of warnings Messages: D 2 warnings

Part: xc7al00kcsg324-1 Part: xc7al00tesg32d-1

Strategy:  Yivado Sunthesis Defauls Strategy: Vivado Implementation Def aults

Incremental compile: Mone

Summary | Route Skatus

DRC Violations %« Timing 2

Surnmary: (3 1 warning Worst Megative Slack (WHS): A

Totl Negative Slack (TNS): N
Number of Failng Endpeints: A&
Totl Number of Endpoints: — NA
Implemented Timing Feport

Setup | Hold Puise width

Utilization - Post-Implementation £ | Power 2
Tatal On-Chip Power: 6236W
wr 1% Junction Temperature: 53.5°C
1o 8% Thermal Margin: 315 °C (6.8 W)
; T T T T 1 Effective 834 46 W
0 25 50 75 100

Power supplied to off-chip devices: 0 W
Utilization (%)

Confidence level: Low
Graph | Table

Post-Synthesis -, Post-Implementation
i L Summary | On-Chip

Figure 28. Implementation results for the Nexys4 DDR

% Project Summary X | Device X |38 labl_thoy X [mE
==
=4 Pproject Settings Edit 2
e
' Project name: labl
Project location:  Cifwupffpga_flowf2015_2_artix_7_labsflabl
Product Fanily: Artix-7
Project part: ®CAE35ECpO236-1
Top module name: labl
Synthesis F3 Implementation F3
Statusi o Complete Status: + Complete
Messages: Mo errors or warnings Messages: 1) 2 warnings
Part: xc7a3Stepg2ac-1 Part: =CFa35tcpg23e-1
Strategy:  Vivado Synthesis Defaults Strateqy: Yivado Implementation Defaults
Incremental compile: Mone
Summary | Route Status
DRC Yiolations E3 Timing £x
Summary: (1)1 warning ‘whorsk Negative Slack (WNS: NA
Total Negative Slack (THS): WA
Murmber of Failing Endpaints: WA
Total Muraber of Endpaints: WA
Implernented Timing Repaort
Setup | Hold Pulse width
Utilization - Post-Implementation F3 Power F3
Total On-Chip Power: 6.191W
LUT Y 1% Junction Temperature: 56.0 °C
1o 15% Thermal Margin: 29.0 "Ci{5.8 W)
b T T T T 1 Effective d14: 5.0 "Clw
o 25 50 75 100
Power supplied to off-chip devices: 0W
Utilization (%)
Confidence level: Lo
Graph | Table
Post-Synthesis-, Post-Implementation Summary [[Ereen

Figure 28. Implementation results for the Basys3
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Project Summary

Project Settings

& B4
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Project location:
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Project part:
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Synthesis
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Cifxupffpga_flow[2015_2_artix_labs/lab1
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Figure 28. Implementation results for the Nexys Video

Using the Windows Explorer, verify that impl_1 directory is created at the same level as synth_1
under the lab1.runs directory. The impl_1 directory contains several files including the
implementation report files.

4-1-7.

In Vivado, select the Reports tab in the bottom panel (if not visible, click Window in the menu bar

and select Reports), and double-click on the Utilization Report entry under the Place Design
section. The report will be displayed in the auxiliary view pane showing resource utilization. Note
that since the design is combinatorial no registers are used.

& XILINX.
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Reports
LA Mame Maodified Size GUI Report
:Z_,J =I-Syrith Design (svnth_design)
=] %) Vivado Synthesis Report 6/18/15 2:34 PM 3Z.8KB
P & Utilization Repaort 6/18/15 2:34 PM 6.5KE
f--Opt Design (opt_design)
¢ e [L Post opt_design DR Report 6/18/15 2144 PM 1.6KE
=I-Place Design (place_design)
- & Wivado Implermentation Lag 6/18/15 2:44 PM 16.4 KB
Pre-Flacemant Incremental Reus. ..
3 10 Report B/18/15 2:44 PM 76.9 KB
- [ & Ukilizakion Repart 6/18/15 2:44 PM 8.6KE
-2 Contral Sets Repaort 6/18/15 2:44 PM 25EKE

Incremental Reuse Report
=IRoute Design (roukte_design)

- [ & Wivado Implementation Log 6/18/15 2:44 PM 16.4 KB
WebTalk Report

-2 DRC Report B/15/15 2:44 PM 1.6 KB

-2 Power Repaork 6/18/15 2:44 PM 6.6 KB

-2 Route Skakus Repaort 6/18/15 2:44 PM N.6KE

[ &) Timing Surmmary Repork 6/18/15 2:44 PM 7.0KE Qpen
Incremental Reuse Report

- & Clack Utilization Repaort 6/18/15 2:44 PM S5.6KE

=I-Post-Route Phys Opt Design (post_route_phys_opt_design)
‘- By Post-Rouke Physical Optimizatio. .,
= Write Eitskream {write_bitstream)

Yivado Implementation Log

o By WebTalk Report

Figure 29. Available reports to view

Perform Timing Simulation Step 5

5-1. Run a timing simulation.

5-1-1. Select Run Simulation > Run Post-Implementation Timing Simulation process under the
Simulation tasks of the Flow Navigator pane.
The Vivado simulator will be launched using the implemented design and lab1_tb as the top-level
module.
Using the Windows Explorer, verify that timing directory is created under the lab1.sim > sim_1 >
impl directory. The timing directory contains generated files to run the timing simulation.

5-1-2. Click on the Zoom Fit button to see the waveform window from 0 to 200 ns.

5-1-3. Right-click at 50 ns (where the switch input is set to 0000000b) and select Markers > Add
Marker.

5-1-4. Similarly, right-click and add a marker at around 55.000 ns where the leds changes.
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5-1-5. You can also add a marker by clicking on the Add Marker button (“‘}'r). Click on the Add Marker
button and left-click at around 60 ns where e_led changes.

Figure 30. Timing simulation output

Notice that we monitored the expected led output at 10 ns after the input is changed (see the
testbench) whereas the actual delay is about 5 to 5.9 ns (depending on the board).

5-1-6. Close the simulator by selecting File > Close Simulation without saving any changes.

Generate the Bitstream and Verify Functionality Step 6

6-1. Connect the board and power it ON. Generate the bitstream, open a
hardware session, and program the FPGA.

6-1-1. Make sure that the Micro-USB cable is connected to the JTAG PROG connector (next to the
power supply connector for the Nexys4 DDR and the Basys 3. The Nexys Video JTAG PROG
connector is located next to the UART connector).

6-1-2. Make sure that the board is set to use USB power (via the Power Select jumper JP3 on the
Nexys4 DDR and JP2 on the Basys3)

The Nexys Video requires a separate power source, connected via J21, located next to the
POWER switch.

_ /B
n R \ i
Agries oy 1 7
- - 'ﬁ‘
lio 4 - ! A
J | Power Switch \ l F

: \ 1243 ‘v ‘4 | L,
L ] V=1 &

BNy | Ml o] T} uss HosT I | 13000000
IMPOWErSeIect |3u3 :g i [PE—— 4 B 8a%®
T2 TN SO 28 P i S g
“lesolng O

= . - 000

' - D18 Y, —
[URRT, RX . : N\ ———— 4

Figure 31. Board connection for the Nexys4 DDR*
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Figure 31. Board connection for the Nexys Video

6-1-3. Power ON the board.

6-1-4. Click on the Generate Bitstream entry under the Program and Debug tasks of the Flow
Navigator pane.

The bitstream generation process will be run on the implemented design. When the process is
completed a Bitstream Generation Completed dialog box with three options will be displayed.

Bitstream Generation Completed ﬂ

':0] Bitstream Generation successfully completed.

Next

[l Q) Open Implemented Designi

(") View Reports

t ) Open Hardware Manager

[ | Don't show this dialog again

[ OK J [ Cancel

Figure 32. Bitstream generation

This process will have generated a lab1.bit file under impl_1 directory in the lab1.runs directory.
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6-1-5. Select the Open Hardware Manager option and click OK.

The Hardware Manager window will open indicating “unconnected” status.

6-1-6. Click on the Open target link.
Hardware Manager - unconnecked
@ Mo hardware target is open, Qpen targek

Figure 33. Opening new hardware target

6-1-7. From the dropdown menu, click Auto Connect.

The Hardware Session status changes from Unconnected to the server name and the device is
highlighted. Also notice that the Status indicates that it is not programmed.

Hardware — O 2 =
™ A i e e b
QI =[E M E
Marne Skatus
= B localhost (14 Connected
= @ & xiline_tcf/Digilent/21 029257652 Cpen

~3E WADC (Systemn Monitor)

Figure 34. Opened hardware session for the Nexys4 DDR

Hardware — O v x

o = =|E| bl

Mame
= § lacalhaost (1)
Ef il

Status

Connected
COpen

SE SADC (System Manitar)

Figure 34. Opened hardware session for the Basys3

Hardware — O ¢ =
AZIZSE K PH»E

MName Status
- B localhost (1) Connected

@ xilinx_tcf/Digilent/2102766395948 (1) Open

Figure 34. Opened hardware session for the Nexys Video

Select the device and verify that the lab1.bit is selected as the programming file in the General
tab.

6-1-8.

Bitstream file: Ciiwupffpaa_flow/2015_2 artix_7_labsjlabllabl.runsfimpl_1/lab1.bit
Debug probes File;

Figure 35. Programming file
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6-1-9. Click on the Program device > XC7A100T_0 or the XC7A35T_0 link in the green information bar
to program the target FPGA device.

Another way is to right click on the device and select Program Device...

Hardware Manager - lacalhost)xiline_kcf i Digilent/210183564 1074

\_I: Thete are no debug cores. Program device  Refresh device

Figure 36. Selecting to program the FPGA

6-1-10. Click Program to program the FPGA.

The DONE light will light when the device is programmed. You may see some other LEDs lit
depending on switch positions.

6-1-11. Verify the functionality by flipping switches and observing the output on the LEDs (Refer to the
earlier logic diagram).

6-1-12. When satisfied, power OFF the board.
6-1-13. Close the hardware session by selecting File > Close Hardware Manager.
6-1-14. Click OK to close the session.

6-1-15. Close the Vivado program by selecting File > Exit and click OK.

Conclusion

The Vivado software tool can be used to perform a complete HDL based design flow. The project was
created using the supplied source files (HDL model and user constraint file). A behavioral simulation
using the provided testbench was done to verify the model functionality. The model was then synthesized,
implemented, and a bitstream was generated. The timing simulation was run on the implemented design
using the same testbench. The functionality was verified in hardware using the generated bitstream.
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