Laboratorio de Dispositivos Integrados Especializados

Practica 1

Tutorial

Objetivo

Utilizando un disefio especialmente simple, seguir con él un flujo completo con la herramienta.

Circuito utilizado

Se trata de una légica muy simple situada entre los interruptores (SW0-SW3) y los leds (LDO-
LD3) de la placa Zybo.
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LEDs: LDO-LD3

Switches: SW0-SW3

Guia para larealizacion

En las siguientes paginas se reproduce un tutorial del programa universitario de Xilinx, adaptado para esta
asignatura.

Antes de continuar:
e Crear una carpeta DIE y bajo ella una carpeta P1. Sera aqui donde se trabaje para esta practica.

e Bajar de Moodle el archivo sources.zip y extraerlo como un subdirectorio sources de P1.
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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
ZYBO board. 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
ZYBO board

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 takes its inputs from the slide switches, operates on them and outputs the results to the LEDs,
as shown in Figure 1.
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Figure 1. The Completed Design
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Vivado Design Flow

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 XC7Z010CLG400-1 device
and using the VHDL language. Use the provided labl.vhd and labl.xdc files

from the sources\labl directory.

1-1-1. Open Vivado by double clicking in the Vivado 2020.1 icon.

1-1-2. Click Create 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 [our_

location]/P1, and click Select.

1-1-4. Enter labl in the Project name field. Make sure that the Create Project Subdirectory box is

checked. Click Next.

¢~ New Project -

|

Project name:

Project location: |C:fxup,’fpga_ﬂw.rflab5|

Create project subdirectory

Project will be created at: C:/xup/fpga_flow/labs/labl

Project Hame .
Enter @ name for your project and specify a directory where the project data files will ﬁ"‘/
be stored

| < Back ” Next = Finish Cancel

Figure 2. Project Name and Location entry (do not use the exact location shown)

v Based on www.xilinx.com/support/university
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1-1-5. Select RTL Project option in the Project Type form, and click Next.

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

¢~ New Project o~ - ﬁ
Add Sources
Specify HDL and netlist files, or directories containing HDL and netlist files, to add to your project. Create a ‘:L
news 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 s
k4
Add Files... ] ’ Add Directories... l ’ Create File...
Scan and add RTL include files into project
| Copy sources into project '
Add sources from subdirectories
Target language: Simulator language:
[ < Back ][ MNext = ] Finish
Figure 3. Selecting Target and Simulator language -> Change from Verilog to VHDL

1-1-7. Click on the Add Files... button, browse to the sources directory, select lab1.vhd, click Ok.
Select the Copy sources into project option and then click Next to get to the Add Constraints
form.

1-1-8. Click on the Add Files... button, browse to the sources directory (if necessary), select lab1.xdc
and click OK. Make sure Copy constraints files into project is selected 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.

1-1-9. In the Default Part form, using the Parts option and various drop-down fields of the Filter section,
select the XC7Z010CLG400-1 part: use Family=Zyng-7000, Package=clg400, Speed=-1 to
reduce the list. Click Next.

- — ; ;
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Lab Workbook Vivado Design Flow
¢~ New Project oy S——— ﬂ
Default Part .
Choose a default Xilinx part or board for your project. This can be changed later. 'ﬂf
Specify Filter
@ Parts || Product category |All - Package | clg400 -
H Boards Family | Zyng-7000 ~| Speed grade | All Remaining ~
| Sub-Family | Zyng-7000 | Temp grade [ All Remaining -
Reset All Filters
|| Search: |CL
N
| - y
/0 Pin Available  LUT . Black Gh GTl [f
Fart Count IDBs Elements FlipFlops RAMs DSPs Transceivers Trz
i xc7z010clg400-3 400 1a0 17600 35200 60 80 0 0
i xc7z010clg400-2 100 17600 35200 0 0
xc7z010cla400-1 0 0
& xc7z020clg400-3 53200 106400 0 0
' @){C?ZDEDdg‘?DU-Z 400 125 53200 106400 140 220 ] ]
i xc7z020clg400-1 400 125 53200 106400 140 220 0 0
4 Tl v O
< Back ][ Mext = Finish

Figure 4. Part Selection

1-1-10. Click Finish to create the Vivado project.

Use the file system explorer and look at the [your_drive_and_dir]/P1/lab1 directory. You will
find that the labl.srcs directory and the lab1.xpr (Vivado) project file have been created. Two
directories, constrs_1 and sources_1, are created under the labl.srcs directory; deep down
under them, the copied labl.xdc (constraint) and labl.vhd (source) files respectively are placed.

4 | labl
4 | labl.srcs
4 | constrs_1
4 | imports
| sourcesﬂathdC
4 | sources_1
4 | imports g4
| sources lab1.vhd

Figure 6. Generated directory structure

Based on www.xilinx.com/support/university
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1-2.

1-2-1.

1-2-2.

1-2-3.

1-3.

1-3-1.

1-3-2. Lines 5-12 define the pin locations of the input switches [3:0] and lines 17-24 define the pin

Open the labl.vhd source and analyze the content.

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

PROJECT MANAGER - 1ab1

Sources ? 00 X
Q T & + &
W Design Sources (1)

@ labi(rtl) (lab1 vhd)

» Constraints (1)

» Simulation Sources (1)

Hierarchy = Libraries Compile Order

Figure 7. Opening the source file

Read and understand the existing, incomplete code.

Complete the architecture in order to implement the logic shown in Figure 1.

Open the labl.xdc source and analyze the content.

In the Sources pane, expand the Constraints folder and double-click the labl.xdc entry to open

the file in text mode.

Sources ?P_0O0 X
Qx| ¢ |+ o
W Design Sources (1)
@-. lab1(rtl) (lab1.vhd)
g Constraints (1)
w constrs_1 (1)
r
g Simulation Sources (1)
W sim_1 (1]
@-. lab1(rtl) (lab1.vhd)

Hierarchy  Libraries Compile Order

Figure 8. Opening the constraint file

locations of the output LEDs [3:0].

& XJLINX Based on www.xilinx.com/support/university
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Simulate the Design using the Vivado Simulator Step 2
2-1. Addthelabl tb.v testbench file.
2-1-1. Click Add Sources under the Project Manager tasks of the Flow Navigator pane.

Flow Mavigator “

ax=

4 Project Manager

@; Project Settings
1F 1P Catalog

Figure 10. Add Sources

2-1-2. Select the Add or Create Simulation Sources option and click Next.
¢ Add Sources
p Add Sources
V|vﬁgp This guides you through the process of adding and creating sources for your project
Add or create constraints
Add or create design sources
#® Add or create simulation sources

Figure 11. Selecting Simulation Sources option
2-1-3. Inthe Add or Create Simulation Sources form, click the Add Files... button.
2-1-4. Browse to the sources folder, select labl_tb.vhd and click OK.
2-1-5. Make sure Copy sources into project is selected and Click Finish.
2-1-6. Select the Sources tab and expand the Simulation Sources group.

The labl_tb.vhd file is added under the Simulation Sources group, and lab1.vhd is automatically

placed in its hierarchy as a dut instance.

v Based on www.xilinx.com/support/universit 7120
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Sources ? 00 X
Q = = + o
W Design Sources (1)
@-- lab1(rt) (lab1vhd)
hd Constraints (1)
b constrs_1 (1)
[ l1ab1xdc
hd Simulation Sources (1)
b sim_1(1}
~ @2 lab1_thith) (lab1_tb.vhd) (1)
@ dut:lab1(rtl) (lab1 vhd)

Hierarchy  Libraries Compile Order

Figure 12. Simulation Sources hierarchy

2-1-7. 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 labl.srcs directory, and that a copy of labl1_tb.vhd
is placed under labl.srcs > sim_1 > imports > sources.

2-1-8. Double-click on the lab1_tb in the Sources pane to view its contents.

2-1-9. Read and understand the existing, complete code.

Y Based on www.xilinx.com/support/university 8/20
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Lab Workbook Vivado Design Flow
2-2. Simulate the design for 50 ns using the Vivado simulator.
2-2-1. Select Settings under the Project Manager tasks of the Flow Navigator pan, then Simulation.
2-2-2. Select the Simulation tab, and set the Simulation Run Time value to 50 ns and click OK (see
below).
¢ Settings Y
Simulation
Project Settings Specify various settings associated to Simulation '
General
Simulation Target simulator: Vivado Simulator w
Elaboration
Simulator language: WHDL L
Synthesis
Implementation Simulation set: = sim_1 ~
Bitstream
Simulation t dul o lab1_tb
- imulation top module name: | lab1_ EI
Tool Settings
) Compilation | Elaboration | Simulation  Netlist | Advanced
Project
IP Defaults xsim.simulate tcl.post
Source File xsim.simulate. runtime* 50ns
Display xsim.simulate lag_all_signals® &
WebTalk x¥sim.simulate.custom_tcl
Help xsim.simulate.wdb
» Text Editor . )
¥sim.simulate saif_scope
3rd Party Simulators ) ) )
xsim.simulate.saif
» Colors
xsim.simulate.saif_all_signals
Selection Rules
¥sim.simulate xsim.more_options
Shortcuts
» Strategies
> Window Behavior
Select an option above to see a description of it
© o | [ome
Figure 14. Setting simulation run time
2-2-3. Click on Run Simulation under the SIMULATION tasks of the Flow Navigator pane, then click on

Run Behavioral S

imulation.

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.

& XILINX.

Based on www.xilinx.com/support/university
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SIMULATION - Behavioral Simulation - Functional - sim_1 - 1ab1_tb
Scope Objects Untitled 4
»
a 2 & Q o (oW aa:i @ 1o T
Name Design U... Block Type Name Value Data Type ™
~ W lab1_tb lab1_thitb) VHDL Entity » 9 switches[3:0] 5 Array
W dut labA(rl) VHDL Entity » B leds[3:0] 0 Array
< 3 v
Tcl Console
Q = I B E @
Time: 20 ns Iteration: 0 Process: /labl_th/line_ 37 File: C:/URM/DIE/Pl/preparacion_tutcrial/labl/labl.srcs/sim l/imports/scurces/labl_th.vhd i
Note: LED output matched at iteration 2 -
Time: 30 ns Iteration: 0 Process: /labl_th/line_ 37 File: C:/URM/DIE/Pl/preparacion_tutcorial/labl/labl.srcs/sim l/imports/scurces/labl_th.vhd
Note: LED output matched at iteration 3
Time: 40 ns Iteration: 0 Process: /labl_th/line_ 37 File: C:/URM/DIE/Pl/preparacion_tutcrial/labl/labl.srcs/sim l/imports/scurces/labl_th.vhd -
Note: LED output matched at iteration 4
Time: 50 ns Iteration: 0 Process: /labl_th/line_ 37 File: C:/URM/DIE/Pl/preparacion_tutcorial/labl/labl.srcs/sim l/imports/scurces/labl_th.vhd
INFO: [USF-X5im-9€] X5im completed. Design snapshot 'labl_tb_behav' loaded.
INFQ: [USF-XSim-9%7] XSim simulation ran for 50ns

launch_simulation: Time (s): cpu = 00:00:02

<

Figure

; elapsed = 00:00:06 .

15. Simulator output

Memory (MB): peak = 937.391 ;

-3

gain = 8.52

a

You will see four main views: (i) Scope, where the testbench hierarchy is 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.

lab1
lab1.cache
lab1.hw
labl.ip_user_files
lab1.5im
zim_1
behav
W *Eirm
il
W xsim.dir

lab1_th_behav
xil_defaultlib

Figure 16. Directory structure after running behavioral simulation

& XILINX.
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Lab Workbook Vivado Design Flow

2-2-4. Click on the maximize button of the waveform window ( = ). Then 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.

? ﬂif 1
Figure 16. Float Button

_ o@x
Figure 17. Dock Window Button

2-3. Change display format if desired.

2-3-1. Select switches[3:0] in the waveform window, right-click, select Radix, and then select Unsigned
Decimal to view this signal in an integer form. Now, using the shift or control key, select both
switches[3:0] and leds[3:0] and change the radix to binary as we want to see each output bit.

2-4. Add more signals to monitor the lower-level signals and continue to run the
simulation.

2-4-1. De-maximize the waveform window if necessary. Expand the lab1 tb instance, if necessary, in
the Scope window and select the dut instance.

The swt[3:0], led[3:0] and ledSig[3:0] signals will be displayed in the Objects window.
SIMULATION - Behavioral Simulation - Functional - sim_1 - lab1_tb
Scope = Sources S ] Objects ? 00 X
Q = = & Q o
Mame Design ... Block Type Mame Yalue Data Type -~
~ i lab1_tb lab1_tbitb) VHDL Entity > W swi[3:0] f Array
T dut lab(rl) VHDL Entity » @ led[3:0] C Array
» B ledSig[3:0] C Array
Figure 18. Selecting lower-level signals

2-4-2. Select swt[3:0] and led[3:0], right-click and select Add to Wave Window to include then into the
waveform window to monitor those lower-level signals.

v Based on www.xilinx.com/support/universit 11/20
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2-4-3. On the simulator tool buttons ribbon bar (below the main menu bar), type 50 in the simulation run
time field, click on the drop-down button of the units field and select ns
® |50 . »
( ) to run for another 50 ns (total of 100 ns), and click on the ( fin)
button.
The simulation will run for an additional 50 ns. Observe the new messages in the Tcl Console
window.
Now click on the Run All button ( > ). The simulation will run until the simulator has nothing else
to do, i.e., until our simulation is finished.
2-4-4. Maximize the waveform window, click on the Zoom Fit button and observe the output.
1111
1100
f
> B|led[3:0]
Figure 19. Running simulation until completion
Observe the Tcl Console window and see the output is being displayed as the testbench uses the
report sentence.
Hote: LED ocutput matched at iteration 14
Time: 150 na Iteration: 0 FProcess: flabl_th/line 37 File:
Hote: LED ocutput matched at iteration 15
Time: 160 ns Iteration: 0 PFrocess: flabl_th/line 37 File:
Figure 20. Tcl Console output
2-4-5. Close the simulator by selecting File > Close Simulation.
2-4-6. Click OK and then click Discard to close it without saving the waveform.
Synthesize the Design 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, then OK.
The synthesis process will be run on the labl.vhd file (and all its hierarchical files if they existed).
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.
iA XILINXE Based on www.xilinx.com/support/university 12/20
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3-1-3. Select the Project Summary tab and understand the various sections.

If you don’t see the Project Summary tab then select Layout > Default Layout, or click the

>

Project Summary icon .

Project Summary ? —&a
Settings  Edit
Project name: lab1
Project location C:MUAMDIER /b1
Product family: Zyng-7000
Project part xc7z010clg400-1
Top module name: lab1
Target language VHDL

Simulator language:  VHDL

Synthesis Implementation
Status: +/ Complete Status Not started
Messages 1 waming Messages: No errors or warnings
Part %c72010clg400-1 Part %c72010clg400-1
Strategy Vivado Synihesis Defaulls Strategy: Vivado Implementation Defaults
Report Strategy. Vivado Synthesis Default Reports Report Strategy. Vivado Implementation Default Reports
Incremental compile:  None
DRC Violations Timing
Run Implementation to see DRC results Run Implementation to see timing results
Utilization Post-Synthesis | Fost-implementation Power
Graph | Table
LUTH 1%
10 8% Run Implementation to see power results
0 25 50 75 100

Estimated Utilization (%)

Figure 21. Project Summary view

3-1-4. Click on the Table tab under the Utilization section.

Notice that there are an estimated three LUTs and 8 I0Os (4 input and 4 output) that are used.

Utilization #*
Resource Estimation Available Utilization %
LUT 3 17600 1
I/O 8 100 8

Figure 22. Resource utilization estimation summary

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

v Based on www.xilinx.com/support/university 13/20
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led_OBUF[1]_inst_i_1 led_QBUF[1]_inst
0 o >0 Dled(3:0]
11 OBUF
swt_IBUF[1]_inst Ty
sm[3:0]D—>1—I|OH- led_OBUF[2]_inst_i_1
IBUF 10 led_OBUF[2]_inst
swt_IBUF[2]_inst n o 0
p2 A0 2 OBUF
1BUF LT3
swt_IBUF[3]_inst led_OBUF[3]_inst i 1 led_OBUF[3]_inst
3 [~ 0 T o I[[~_0
f = L
1BUF 11 OBUF
T2
swt_IBUF[0]_inst led_OBUF[0]_inst | 1 led_OBUF[0]_inst
0 I[~. 0 ,—| I[~_0
>—|> 10 0 =
IBUF LUT1 OBUF

Figure 23. 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). You can see that there is not a one to one
relationship between the basic logic elements we described in our RTL and how the circuit is
implemented, but the result is the same.

Using the file system 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.

W lab1
lab1.cache
lab1.hw
lab1.ip_user_files
W lak1.runs
Jobs
W synth_1
il
lak1.5im

lab1.srcs

Figure 24. Directory structure after synthesizing the design

Y Based on www.xilinx.com/support/university 14/20
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Implement the Design Step 4

4-1.

Implement the design with the Vivado Implementation default settings and
analyze the Project Summary output.

4-1-1. Click on Run Implementation under the Implementation tasks of the Flow Navigator pane, then
OK.
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. Inthe Netlist pane, select one of the nets (e.g. swt_IBUF[0]) and notice that the net is displayed in
the X1Y1 clock region in the Device view tab (you may have to zoom in to see it).
4-1-5. |Ifitis not displayed, click the Routing Resources icon 524 to show routing resources. Take a look
to the two end points of the net.
IMPLEMENTED DESIGN - xc7z010clg400-1 (active)
Netlist Device
A B| - @ e ¥ ® o @ep e o o
lab1 -
hd Mets (16
b led (4
> ol led_OBUF (4
> swit (4
~ o swt_IBUF (4
swi_IBUF[1] -
Net Properties
I swt_IBUF[0] - 13
Mame swi_IBUF[0] :
Tyoe: SIGMAL (/0) 5
General  Properties Connectivity Power  # ¢ 5
Figure 25. Viewing implemented design
4-1-6. Close the implemented design view 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 of Utilization if not already selected and the Table view.
Notice that the actual resource utilization is three LUTs and 8 IOs.
You can also see that there is no Timing information, since no timing constraints were defined for
this combinational design.
v Based on www.xilinx.com/support/universit 15/20
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Using the file system explorer, verify that impl_1 directory is created at the same level as
synth_1 under the labl.runs directory. The impl_1 directory contains several files including the

implementation report files.

4-1-7. InVivado, 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 combinational no registers are used.

TclConsole | Messages | Log | Reporis x Design Runs 2 _00
Qs+ -2
Report Report Type Options
> Synthesis iy
~ Implementation
v impl_1
~ Design Initialization (init_design
Report timing summary (report_timing_summary)
~ OptDesign (opt_design
& impl_1_opt_report_drc_0 Report on error or violations against a set of design rule checks (reporl_drc)
Report iming summary (report_timing_summary)
Report iming summary (report_timing_summar
~ Place Design (place_desion)
& impl_1_place_report_io_0 Report information about all the 10 sites on the device (report_io)
« impl_1_place_report_utilization_0 Report on utilization of resources on the targeted device (report_utilization)
4 impl_1_place_report_control_sets_0 Report the unique control sets in design (repori_control_sets)
Revort on achievable incremental reuse for the aiven desian-checknoint (report incremental reuse)
lab1_tb.vhd » | Project Summary » impl_1_place_report_utilization_0 - impl_1 b
CAUAMDIEP A preparacion_tutoriallab/lab1.runsfimpl_1/ab1_utilization_placed.rpt
Q E] 9
22, 1. Slice Logic
3 A o ———— S T — ——— +
32 ! | Site Type | Used | Fixed | Availakle | Util$% |
BE L mmmmm e - tommmmm- omm o tommmm oo +
34+ | 5lice LUIs I 3| (| 17600 | 0.02 |
350 1 LUT as Logic | 3| [ 17800 | 0.02 |
3 : | LUT as Memory | [ [ g000 | 0.00 |
37T, | 5lice Registers | [ [ 35200 | 0.00 |
380 | Register as Flip Flop | o o 35200 | 0.00 |
35| Register a3 Latch | [ [ 35200 | 0.00 |
i0 . | F7 Muxes | o o g800 | 0.00 |
41 ' | F8 Muxes | [ [ 4400 | 0.00 |
2 4+ - - e - +
Figure 27. Viewing utilization report
Based on www.xilinx.com/support/universit 16/20
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Perform Timing Simulation Step 5

5-1. Run atiming simulation.

5-1-1. Select Run Simulation > Run Post-Implementation Timing Simulation process under the
Simulation tasks of the Flow Navigator pane. Disregard a possible warning message.

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 labl.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 50 ns.
5-1-3. Right-click at 20 ns (where the switches input is set to 2) and select Markers > Add Marker.

5-1-4. Similarly, right-click and add a marker at the moment where the leds changes to its final value for

).

this input, 7. You can also add a marker by clicking on the Add Marker button

Figure 28. 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 8 ns.

5-1-5. Close the simulator by selecting File > Close Simulation without saving any changes.
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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 PROG UART connector (next to the
power ON/OFF switch).

6-1-2. Make sure that the JP7 is set to select USB power. Connect the USB cable to the PC.

1: 0

Figure 29. Board connection
6-1-3. Power ON the switch on the board.

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

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 X

o Bitstream Generation successfully completed.

Next
l@ View Reports
Open Hardware Manager

Generate Memaory Configuration File

Don't show this dialog again

Figure 30. 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, then Auto Connect.
You can also click on the Open recent target link if the board was already targeted before.

Hardware Session - unconnected
(i) No hardware target is open. Open recent target |O|gen & new hardware targetl

Figure 30. Opening new hardware target

6-1-7. The Hardware Session status changes from Unconnected to the server name and the FPGA
device is shown. Also notice that the Status indicates that it is not programmed.
HARDWARE MANAGER - localhostiilin:_tcfDigilent/2102795739054

© There are no debug cores. Program device Refresh device

Hardware
Q = =
Name Status

~ B localhost (1) Connected

~ B xiling_tcfiDigilent’21027957239.. Open

& arm_dap_0(0) INIA
w8 xc7z010_1 (1 Mot programmed
XADC (System Monitor)

Figure 32. Opened hardware session

6-1-8. Select the device and verify that the lab1.bit is selected as the programming file in the General
tab of the Hardware Device Properties pane.

Hardware Device Properties ? 00O
{8 xc72010_1 {
Status: Mot programmed

Programming file: hrﬂIDIEJ'F"IJ'IabﬂIam.runsfirnpl_mam.biﬂ

(I

| R

Figure 33. Programming file

6-1-9. Right-click on the device and select Program Device... or click on the Program device link to
program the target FPGA device.

19/20

Based on www.xilinx.com/support/university

i: X"-INX® xup@xilinx.com



P1: Labl Workbook

Hardware ? 00 X lab1_th.vhe

Q = < o C:IUAMIDIE
Mame Status Q
~ B localhost (1) Connected —

~ B xilink_tcfiDigilent’2102795739...  Open _ beg
{8 arm_dap_0 (0) MNIA 31

w {8 xcT7z010_1 (1)
XADC (System Maonitor)

Hardware Device Properties. ..

Program Device...

Verify Device...

(* Refresh Device

Figure 34. 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, close the hardware session by selecting File > Close Hardware Manager.
6-1-13. Power OFF the board.

6-1-14. Close the Vivado program by selecting File > Exit and click OK.

Conclusion

The Vivado software tool can be used to perform a complete 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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