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Introduction

 This tutorial describes how to implement a VHDL design on a Xilinx FPGA
1. We firstintroduce the FPGA design flow and the necessary user inputs

2. Then, a step-by-step example illustrates the use of the Xilinx Vivado design suite from
project creation all the way to programming the FPGA device

« This tutorial is tailored to the PYNQ-Z2 evaluation board with Vivado 2020.2

= Other versions of Vivado (slightly older/newer) should be fine although the layout and some paths
may change
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Introduction: Learning Objectives

 After this tutorial you will have met the following learning objectives:

= Create a Vivado project for a simple combinational design with a testbench for verification and
constraint files for the FPGA

= Simulate a design in Vivado using a testbench

= Synthesize a design in Vivado to generate a netlist

* Implement the design and analyze the area and the implemented circuit

= Configure the FPGA with the bitstream and verify the design on the FPGA
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FPGA Design Flow: Overview

 The FPGA design flow comprises the following steps:

1.
2.
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Design: Develop the design files (RTL descriptions) and an associated testbench

Behavioral Simulation: Use the design files as the circuit description and the testbench to
simulate the circuit to verify that the design works as expected

Synthesis: Synthesize the design to generate a netlist, described in terms of FPGA elements
such as LUTs

Post-Synthesis Simulation: Simulate to verify the correctness of the synthesized netlist

Placement and Routing (Implementation): Components are placed and routed together on the
FPGA. Some components may be remapped

Post-Implementation Simulation and Timing Analysis: The post-implementation netlist is
annotated with delays to simulate with timing information to verify the correctness of the
placement and routing and to check whether the circuit meets the timing constraints

Device Programming: Generate the configuration file for the FPGA matching the
Implementation result and program the device

In-Circuit Verification: Verify operation of the circuit on the FPGA




FPGA Design Flow: Overview

The FPGA design flow with each number matching a step on the previous slide
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FPGA Design Flow: Required Files

 The designer must provide additional information besides the hardware
description and test-bench, as information related to the specific FPGA cannot be
extracted from the RTL code:

Device files describing the specific FPGA chip for which the design flow is run

Board files describing the interfaces on the development board and the constraints required to
connect the pins of these to the physical FPGA pins

Information on how to connect ports of the top-level entity to the interfaces of the board
Timing information (e.g., frequency of the clock) and timing constraints on ports

« The last two points are provided using an .xdc (Xilinx Design Constraints) file
« Atemplate . xdc file is usually provided with an FPGA board, along with the board

files as the layout of the board determines how the physical pins on the FPGA are
connected to the other components on the board.
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Tutorial: FPGA Board

« For this tutorial, we use the PYNQ-

Z2 development board with the

ZYNQ XC72020-1CLG400C FPGA

« We will implement a combinational
circuit connecting the buttons to the

LEDs
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Tutorial: Design

« The tutorial design
(toplevel.vhdl) is just 2 gates

« Buttons and LEDs on board
are mapped to the pins of the
FPGA which map to gate
iInputs and outputs
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Tutorial: Overview

* The rest of the tutorial is split up into the following parts:
Preliminaries

Creating a Vivado project

Adding source files

Simulation

Adding constraints

Synthesis

Implementation

Bitstream generation

Programming

© 0o NO bR WDHRE

E P F L EE-334: Digital System Design

s (¢




Tutorial: Part 1 — Preliminaries

* The first step consists of creating a working environment. You have 2 options:

1. Local installation (recommended): Vivado can be downloaded from here. During the
Installation, pick Vivado (not Vitis) and on the next page pick the free WebPACK version. Note
that this installation (depending on version) can take up to 40 GB of space. See also moodle

2. Linux virtual machine: You can use a Linux VM (the one called STI-EDA-LABS-RTX, using
Ubuntu) though https://vdi.epfl.ch/. See also moodle
* Note that for option 2, you need to either use the computers in ELG 022 or have a
small local installation of the Vivado Lab Edition in order to program your FPGA

Please refer to the moodle pages for more information on these options and
pick one before progressing in the tutorial! In the next slides we show how to use
the Ubuntu VM and describe some of the files in the handout (so relevant for all!)

If you do a local installation, you can skip the next slide on the Ubuntu VM
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https://www.xilinx.com/support/download/index.html/content/xilinx/en/downloadNav/vivado-design-tools/archive.html
https://moodle.epfl.ch/mod/page/view.php?id=991199
https://vdi.epfl.ch/
https://moodle.epfl.ch/mod/page/view.php?id=870757

Connecting to the Ubuntu VM

* Please proceed as follows if you chose option 2 on the previous slide:

1. If not on the EPFL intranet, connect first using the VPN
2. Login to https://vdi.epfl.ch/ and select a Linux (Ubuntu distro) VM called STI-EDA-LABS-RTX

3. Open a terminal window in the VM and login to one of the Linux servers selsrvl or selsrv2 by
typing (replace N with your user number)

ssh -X edauserN@selsrvl.epfl.ch

« Please note the —X option for redirecting the graphical terminal to your local
display

* Note that this terminal window is the one you will use for the remaining part of the
tutorial!

e This terminal window runs on a Linux server (selsrv1/2), not the Ubuntu VM!
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https://vdi.epfl.ch/

Setting up the Vivado project

* Next, we will create a working environment:

1. Copy the 1label_vivado_handout.zip file (moodle)

1. For Linux server users: Copy this file to your home directory on selsrvl/2 using, e.g., WinSCP (on
Windows) or scp (on Linux) from your own computer. Use selsrvl or selsrv2 as the host name and
your username as the user name for the SCP tool. Unzip with the commands in the next step.

2. For local installation: Copy the zip file to whichever directory you want to use for your files and unzip.

2. Then, execute the following commands on the linux server to create a directory :

mkdir -p ~/dsd22/1ab@1 vivado handout && cd ~/dsd22/1ab@l vivado handout
unzip ~/1lab@l vivado handout.zip
cd lab

* You can then do 1s in the terminal to see the directories of the lab, which are:
= constr: Constraint files
= pynq: Contains board files (use these for local installations)
= src: VHDL source code
= work_lab01 vivado: Vivado working directory
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Creating a Vivado Project

* Now, we create a Vivado project. Run the command below if you're on the Linux
server (or have a personal Linux computer), otherwise, just go into the directory

cd work lab@l vivado

* Note that this directory contains 2 files:

» edadk.conf: This file specifies the version of Vivado to load. If you have performed a local
installation, this file is not necessary

» |load_board _files.tcl: This file loads the board files describing the development board

« We then start Vivado as follows depending on your setup
= Linux servers: Start Vivado from the terminal with vivado -source load board files.tcl
= Linux computer: Start Vivado from the terminal with vivado
= Windows computer: Just open Vivado as you would any other program

* Note for students using a local installation on a Linux machine, you can run
without the —source assuming you have installed the board files, otherwise use —
source. This will use the script provided to load the board files
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Tutorial: Part 2 — Creating a Vivado Project

« We now consider how to create a Vivado project
« This part of the tutorial is identical for all the installation options
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Vivado 2020.2

File Flow Tools Window Help Q- Quick Access

VIVADO'

HLx Editions

Quick Start

Create Project >
Open Project >

Open Example Project »

Tasks

Manage IP >
Open Hardware Manager »

XHub Stores »

Learning Center

Documentation and Tutorials »
Quick Take Videos »

Tcl Console

& XILINX.

* Click on Create Project
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X New Project

p Create a New Vivado Project
VlvﬁDd.Q This wizard will guide you through the creation of a new project.

To create a Wivado project you will need to provide a name and a location for your project files. Next, you will specify the type
of flow you'll be working with. Finally, yvou will specify your project sources and choose a default part.

£ XILINX

e Press Next
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« Change project name to work_lab01 vivado and untick Create project
subdirectory. Make sure that you create the project in work _lab01 vivado
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X New Project

Project Name

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

Project location: /homefandreas/gitlab/dsd/AS21/labsilab0l _vivado/handoutilabiwork_|lab01 _vivado E

ate project subdirectory

Project will be created at: fhomefandreas/gitlab/dsd/AS21/labs/lab0l _vivadofhandout/lab/wark_lab0l_vivado

Pt
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X New Project

Project Type
Specify the type of project to create. '

BTL Project
ou will be able to add sources, create block designs in IP Integrator, generate IP, run RTL analysis, synthesis, implementation, design planning

[¥] Do nat specify sources at this time

[) Projec itis platform

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

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

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

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

Pt

« Select RTL project and click Do not specify sources at this time, then Next
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X New Project

Default Part
Choose a default Xilink part or board for your project. '
Install/Update Boards
wvendor: | All v Mame: | All v Board Rew: | Latest ~
Search: - w
Display Name Preview Vendor File Wersion Part I/0 Pin Count  Boal
Alpha-Data ADM-PCIE-7V3 &
alpha-data.com 1.1 KCTWWBAO0tffgll57-2 1157 1.0
ZedBoard Zynqg Evaluation and Development Kit
Add Companion Card Connections em.avnet.com 1.4 wc7z020clg484-1 484 d
pyng-z2
tul.com.tw 1.0 ®c7z020clg400-1 400 1.0
Artix-7 ACT01 Evaluation Platform
Add Companion Card Connections wilire com 1.4 wc7az200tfhg576-2 676 1.1
Kintex-7 KC705 Evaluation Platform
Add Companion Card Connections 0 Hilins.com 1.6 ®cTk325tffge00-2 900 1.1
v
< >
P

 Press the Boards tab and select pyng-z2. The board-file provides information on how to connect

the FPGAto, e.g., buttons on the board and the name of the FPGA.

« Note this has to be manually installed for a local Linux/Windows installation or loaded using the .tcl

script if using Linux (either local or the servers)
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X New Project

p New Project Summary
VIVADO

My Editions © 2 new RTL project named 'work_lab0l_vivado' will be created.

) The default part and product family for the new project:
Default Board: pynq-z2
Default Part: xc7z020clg400-1
Product: Zyng-7000
Family: Zyng-7000
Package: clg400
Speed Grade: -1

i: XILINX To create the project, click Finish

« Verify that you have the same setup, then click on Finish
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Eile  Edit Flow
= -

Flow Navigator

Tools

~ PROJECT MANAGER
¥ Settings
Add Sources
Language Templates

¥ IP Catalog

IP INTEGRATOR
Create Block Design
Open Block Design

Generate Block Design

SIMULATION

Run Simulation

RTL ANALYSIS
» Open Elaborated Design

SYNTHESIS
P Run Synthesis

> Ope

v IMPLEMEMTATION

P Run Implementation

> Open Implemented Design

v PROGRAM AND DEBUG

¥t Generate Bitstream

> Open Hardware Manager

Reparts  Window  Layout Wiew  Help Ready
b‘ LI « T Default Layout ~
PROJECT MANAGER - work_|ab01 _vivado ? %
Sources ? 00O X Project Summary 00X
Q T = + o Overview | Dashboard
Design Sources My
» = Constraints Settings  Edit
v = Simulation Sources Project name: work_|lab01_vivado
sim_L Project location: jhomefandreas/gitlab/dsd/as21 /labsflab0l _vivadoshandout/labiwork_lab0l _vivado
> = Utility Sources
Product family: Zyng-7000
Project part: pyng-z2 (xc7z020clg400-1)
Top module name: Mot defined
Target language: werilog
Simulator language: Mixed
Board Part
Compile Order Display name: pyng-z2
Board part name: tul.com.tw:pyngz2:part0:1.0
Properties ?2 00X Board revision: 1.0
o Connectors: Mo connections
Repository path: ttoolsfilinxVivadof2020. 2/datajboards/board_files
URL: http:ffwnww. tul. com.tw
Board overview: pyng-z2
Synthesis Implementation
Status: Mot started Status: Mot started
Messages: No errors or warnings Messages: Mo errors or warnings
Part: Hc7z020clg400-1 Part: ®e7z020clg400-1
Strategy: Vivada Synthesis Defaults Strategy: vivado Implementation Defaults
Report Strategy: Vivado Synthesis Default Reports Report Strategy: Vivado Implementation Default Reports
A
Tcl Console | Messages |Log | Reports | DesignRuns x ?_00
a =2 %
Name Constraints ~ Status WNS  TMNS WHS THS TPWS Total Power Failed Routes LUT FF  BRAM URAM DSP  Start Elapsed Run Strategy Report Strategy
v synth_1 constrs_1 Not started Vivado Synthesis Defaults (Vivado Synthesis 2020) Vivado Synthesis Defau
impl_1  constrs_1 Mot started Vivado Implementation Defaults (Vivado Implementation 2020)  Vivado Implementation
<

* You have now created the project and we see the Vivado tool! If you loaded the
board-files correctly you should see the board part as shown above
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Tutorial: Part 3 - Adding Source Files

« Source files (VHDL/Verilog/SystemVerilog code) can be added during project
creation, but you may add files later after project creation

« We, now show the process of adding the source files after project creation and how
to edit these source files in Vivado
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work_lab01_vivado - [fhome/andreas/gitlab/dsd/AS21/labs/lab01_vi

do/handout/lab/work_labo1_vivadofwork_labo1_vivado.

File  Edit Flow Toaols Reports  Window  Layout  View Help Q- Quick Ready
LI - Default Layout -
Alt+ A I PROJECT MANAGER - work_|ab01_vivado ? X
Sources ?7 00X Project Summary ?00X
Ql x| 2 4 13 Overview | Dashboard
checkpaint Design Sources @
» . .
ekpoin » = Constraints Settings  Edit
P 3 ~ i i
- Simulation Sources Project name: work_lab0l1 _vivado
Text Editor 4 sim_1 Project location: /homefandreas/gitlab/dsdias 21 /labs/lab0l_vivado/handout/labjwork _lab0l_vivado
1 > = Utility Sources Product family: Zyng-7000
Export R Project part: pyng-z2 (xc72020clg400-1)
= Top module name: Mot defined
Target language: werilag
Exit Simulator language: Mixed
v SIMULATION
Board Part
Run Simulation
Hierarchy Libraries Compile Order Display name: pynqz2
~ RTL ANALYSIS Board part name: tul.com.tw:pyng-z2:part0:1.0
Properties ? - 5 X :
> Open Elaborated Design B : =) (=) poardievi o L0
o Connectors: No connections
Repository path: ftoolsMilinvivado/2020, 2fdata/boards/board files
v SYMTHESIS
URL: hitt oz fhawnw tul. com. tw
P Run Synthesis Board overview: pyng-z2
> Open Synthesized Design
~ IMPLEMENTATION Synthesis Implementation
ect an object to see p
P Run Implementation Status: Not started Status: Mot started
> Open Implemented Design Messages: No errors or warnings Messages: Mo errors or warnings
Part: *c7z020clg400-1 Part: c7z020clg400-1
« PROGRAM AND DEBUG Strategy: Wivado Synthesis Defaults Strategy: Vivado Implementation Defaults
Report Strategy: Vivado Synthesis Default Reports Report Strategy: Vivado Implementation Default Reparts
Uit Generate Bitstream R . v .. ha
» Open Hardware Manager Tcl Console | Messages |Log |Reports |DesignRuns x ? 00
Q = 2 %
MName Constraints  Status WNS  TNS WHS THS TPWS Total Power Failed Routes LUT FF BRAM URAM DSP  Start  Elapsed Run Strategy Report Strategy
~ synth_1 constrs_1 Mot started wivado Synthesis Defaults (Vivado Synthesis 2020) Wivado Synthesis Defau
impl_1  constrs_1 Mot started Wivado Implementation Defaults (vivado Implementation 2020)  Wivado Implementation

<

Specify andfor create source files to add to the project

« Click on File and then Add Sources in the upper left part of Vivado
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« Click on Add or create design sources in the window that pops up
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x Add Sources

Add Sources

/
V|VADO This guides you through the process of adding and creating sources for your project

HLy Editions

() add orcr straints

(® Add or create design sources

() add or create simulation sources

€ XILINX
®

Cancel
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x Add Sources

Add or Create Design Sources

+

F

Use Add Files, Add Directories or Create File buttons below

G?Qd Directories | |

Create File

Specify HDL, netlist, Block Design, and IP files, or directories containing those file types to add to your project. Create a
new source file on disk and add it to your project.

Cancel

 Click on Add Files
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X Add Source Files

Laalk in: lab hd toaEddy @BXC EE=
constr Recent Directories
P Ry thomefandreas/gitlabsdsdias21/labslabol vivadothan..,
(\ src . .
Work_lab0l vivado File Preview
Select a file to preview.
File name: Jhome/andreas/gitlabjdsdias21/labs/lab0l _vivado/handout/lab
Files of type: | Design Source Files (whd, vhdl, vhf, vhdp, vho, v, f, verilog, vr, vg, vb, tf, vlog, vp, vm, veo, svo, vh, h, svh, vhp, svhp, edn, edf, edif, nge, sv, svp, bmm, mif, mem, elf, dep, bd, wefg, xco, xei, xcix)

* Navigate up and then into the src directory
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X Add Source Files

Look in: src hdl tokdds BXC am i=

(\ @ toplevelvhdl Recent Directories

leve dl

thomefandreas/gitlab/dsd/as21/labs/lab0l vivado/han.,

File Preview

--1 @file toplevel. vhdl
-- Standard library

LIERARY IEEE;

-- Standard packages

USE IEEE.STD LOGIC 1164, ALL;

| Fmm] aral
D rtapievel

| Abriaf Th =1 e Froe . 7 Fam] agal e e
--0 @riet This T1 specitlies a paslc toplevel clrcoult
- +

[

le

i warhr P = Fa ] 2 Af +ha My o .'. — ¥ + £
--1 verbose for a file of this size but the comments se
--1 VWHDL file.

-- ENTITY DECLARATION FOR TOFL

EVEL

File name: toplevel.vhdl

Files of type: | Design Source Files (whd, vhdl, vhf, vhdp, vho, v, f, verilog, vr, vg, vb, tf, vlog, vp, vm, veo, svo, vh, h, svh, vhp, svhp, edn, edf, edif, nge, sv, svp, bmm, mif, mem, elf, dep, bd, wefg, xco, xei, xcix)

« Select the toplevel.vhdl file and press OK
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x Add Sources

Add or Create Design Sources

Specify HDL, netlist, Block Design, and IP files, or directories containing those file types to add to your project. Create a '
new source file on disk and add it to your project.
+
Index Name Library Location
® 1 toplevelvhdl xl_defaultlib  fhome/andreas/gitlab/dsdias21/labsilabol_vivado/handout/labssre
Add Files | | Add Directories | | Create File

—.Scan and add RTL include files into project
p'_.,r sources into project
':'_7';' Mext | Einish | | Cancel |

« Ensure copy sources into project is unticked. It is best to never do this as your
project files will otherwise be scattered in multiple locations. Then press finish
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work_lab01_vivado - [fhome,

dreas/gitlab/dsd/AS21/labs/lab01_vivado/handout/lab/work_lab01_vivadofwork_lab01_vivadeo.xpr] - Vivado 2020.2

Eile Edit Flow Tools Repgrts Window Layout Wiew Help Ready
=, = b4 >, LI « T ) 4 Default Layout ~
Flow Navigator 3 ) PROJECT MANAGER - work_|ab01 _vivado 2
~ PROJECT MANAGER B
Sources ? 00O X Project Summary 00X
¥ Settings
> & Overview | Dashboard
Add Sources @ = ¢+ =
" ~
Language Templates Settings  Edit
F P Catalog ’ Project name: work_|lab01_vivado
v & Simulation Sources (1) Project location: jhomefandreas/gitlab/dsd/as21 /labsflab0l _vivadoshandout/labiwork_lab0l _vivado
v IPINTEGRATOR > @ sim_1 (1) Product family: Zyng-7000
Create Block Design ’ utility Sources Project part: pyng-z2 (xc7z020clg400-1)
sign Top module name: toplevel
i Target language: werilog
e Block Design . .
- Simulator language: Mixed
~  SIMULATION
Board Part
Run Simulation |
Hierarchy Libraries Compile Order Display name: pynqz2
~ RTL ANALYSIS Board part name: tul.com.tw:pyngz2:part0:1.0
Source File Properties ? _ 5 X ision:
» Open Elaborated Design B : (=) (=] Egaidieviion L
@ toplevel.vhd o Connectors: Mo connections
Repository path: ttoolsfilinxVivadof2020. 2/datajboards/board_files
v SYNTHESIS . ~
] Enabled URL: http:ffwnww. tul. com.tw
P Run Synthesis o q
Board i 22
, Location: fhemejandreas/qgitlabjdsd/AS21/labs/lab0l _vivado/handou oard ovenview P
> Open sSynthe
Type: whoL | [
v IMPLEMENTATION Library: l_defaultlb [--] Synthesis Implementation
P Run Implementation Size: 1.7 KB Status: Not started Status: Not started
> Open Implemented Design Modified: vesterday at 09:13:50 AM Messages: Mo errors or warnings Messages: Mo errors or warnings
Part: Hc7z020clg400-1 Part: ®e7z020clg400-1
Read-nnh: Mo ~ . . - ) Wi .
« PROGRAM AND DEBUG ¢ 5 Strategy: Vivada Synthesis Defaults Strategy: vivada Implementation Defaults
General  Properties Report Strategy: Vivado Synthesis Default Reports Report Strategy: Vivado Implementation Default Reports
¥t Generate Bitstream . L .. v . v
> Open Hardware Manager Tcl Console | Messages |Log | Reports | DesignRuns x ?_00
a =2 + %
Name Constraints ~ Status WNS  TMNS WHS THS TPWS Total Power Failed Routes LUT FF  BRAM URAM DSP  Start Elapsed Run Strategy Report Strategy
v synth_1 constrs_1 Not started Vivado Synthesis Defaults (Vivado Synthesis 2020) Vivado Synthesis Defau
impl_1  constrs_1 Mot started Vivado Implementation Defaults (Vivado Implementation 2020)  Vivado Implementation
< >
Source Mode: toplevel(rtl) (toplevel.vhdl)

* You can now see the added files under Design Sources in the Sources window

« This is the window that shows you information on all the files you add to the project and by pressing
on the file here you can edit it directly in Vivado. Double click on toplevel
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Project Summary  x toplevel.vhdl = 200
fhomefandreas/gitlab/dsd/as21/labs/lab0l _vivadoshandoutiab/sreitoplevel vhdl
Q -« & B B X N = Q o
10 -- ~N
2,
3.
4 -- Stanc
5 . LIBRARY
6\ -- Standard packages
7 : USE IEEE.STD_LOGIC_1164 . ALL:
=2
[o]=
10 ¢
11 ¢
12
13 ecl f topl e Vivado Introgucti
14 . le of comme
15 a VHDL
16
17
18
19
20 . -- ENTITY | EVEL
210 --
220 ENTITY toplevel IS
230 PORT (
24 POxDI ¢ IN STD_LOGIC;
? P1xDI : IN STD _LOGIC:
F2xDI : IN STD LOGIC;
P3xDI : IN STD_LOGIC;
LEDOxDO : OUT STD_LOGIC;
: LEDZxDO ¢ OUT STD_LOGIC
31 )
325 END toplevel;
33|
34 --
.
70 ARFHTTECTHRE r41 AF +anlawal TS W
< >

 This window then shows the file content.

 Itis possible to use Vivado as an editor, but most tools like emacs or VS Code will

have some support for VHDL through the use of extensions

Task: Try to remove a semi-colon in the port declaration and see the feedback from

Vivado in the text-editor and the Sources window after saving the file
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Tutorial: Part 4 - Simulation

* We now consider performing a basic simulation and viewing the resulting
simulation output
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File  Edit Flow Tools Reports

Checkpoint »
1P 3
Text Editor »
Export 3
Print... trl+P
Exit

v SIMULATION
Run Simulation

v RTL ANALYSIS

» Open Elaborated Design
v SYNTHESIS

P Run Synthesis

> Open ¢

nthesized Design

v |MPLEMENTATION
P Run Implementation

> Openimplemented Design

~ PROGRAM AMD DEBUG

ft Generate Bitstream

> Open Hardware Manager

o
i)

work_labo1 - [/home/andreas/gitlab/dsd/AS21/labs/lab01_vivado/handout/lab/work_labo1

_vivado.xpr] - Vivado 2020.2

Ready

Specify andjor create source files to add to the project

Window Layout Wiew Help Q- Qui
o X ) 4 Default Layout -
t+A I PROJECT MANAGER - work_lab01 _vivado ? X
Sources ? 00X Project Summary x| toplevel.vhdl  x 00
Q x| s |+ o Jhome/andreas/gitlab/dsd/AS21/labs/lab01_vivadoshandout/labisrcitoplevel. vhdl x
v Design Sources (1]
E - » B B X N/ B 9 -]
® = toplevel(rtl) (toplevel.vhdl) u
b Constraints 2
~ Simulation Sources (1)
’ sim_1 (1) LIBRARY IEEE:
> o Utility Sources .- Stand: ckages
USE IEEE.STD LOGIC 1164.ALL:
Hierarchy Libraries Compile Order -1
Source File Properties ?_00B X
- ENTITY DECLARATION FOR TOI
® toplevelvhdl o -
m ENTITY toplevel IS
— PORT {
) Enabled POXDI : IN STD_LOGIC;
FLxDI : IN STD_LOGIC:
Location: (home/andreas/gitlab/dsd/as21/labs/lab0l_vivadoshandou P20 ¢ IN STD LOGIC:
Type: VHDL E P2xDI : IN STD_LOGIC:
Library: «il_defaultlib E LEDGxDO : OUT STD_LOGIC:
= LEDZ2xD0 @ OUT STD_LOGIC
Sizes 1.7 kB )
END toplevel:
Modified: Today at 07:02:07 AM
Read-onlw: No i) -
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, EI -
General PI’OPST’UQS A(Dr‘HTT:r‘T\ IRFE rt1 NF tanlawal TS 5 v
Tel Console | Messages | Log | Reports | Design Runs  x ?_00
Q = & + %
Name Constraints  Status WNS  TWS WHS THS TPWS Total Power Failed Routes LUT FF  BRAM URAM DSP  Start Elapsed Run Strategy Report Strategy
~ synth_1 constrs_1 Not started Wivado Synthesis Defaults (Vivado Synthesis 2020) Vivado Synthesis Defau
impl_1  constrs_1 Not started Wivado Implementation Defaults (vivado Implementation 2020]  ‘Vivado Implementation
< >

* Click on File and Add Sources in the upper left part of Vivado

=PrL
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X Add Sources

Add Sources

HLy Editions
() add ar create constraints

() Add or create design sources

(® Add or create gimulationsou}

& XILINX.

/
V|VADO This guides you through the process of adding and creating sources for your project

Cancel

« Click on Add or create simulation sources. Simulation files are not a part of the

design flow and thus added separately.
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X Add Source Files

{ AFr 1A Fmmd Aaeal +FR wehAl
-1 @file toplevel _tbh. vhdl

-- Standard library

LIERARY IEEE;

LIBRARY STD:

-- Standard packages

USE STD.EMY, ALL:

USE IEEE.STD LOGIC_1164.ALL;

| Fanl aval  +H
-0 Toplevel _TD

-l @brief This file specities the test-bench tor the V

-- ENTITY DECLARATION FOR TOPLEVEL TE
FRTTTY +mm]lauas]l 4+l T hd
?
File name: toplevel_th.vhdl
Files of type: | Design Source Files {whd, vhdl, vhf, vhdp, vho, v f, verilog, wvr, vg, vb, tf, vlog, vp, vm, veo, svo, vh, h, svh, vhp, svhp, edn, edf, edif, ngec, sv, svp, bmm, mif, mem, elf, dep, bd, wefg) W

Look in: src hdl tokdds BXC am i=
® toplevelvhd Recent Directories
‘ .tnplevel_tb.vth thomefandreas/gitlab/dsd/as21/labs/lab0l vivado/han.,
File Preview
|__ Y

« Navigate back to the src directory and pick toplevel tb.vhdl to add. The _tb suffix

designates a test-bench file.
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work_lab01_vivado - [fhome/andreas/gitlab/dsd /A

File  Edit Flow Tools Reports  Window  Layout  Wiew  Help

~ 5 X b B & 3 ¥
Flow Navigator S S PROJECT MANAGER - work_|lab0l_vivado
~ PROJECT MANAGER
Sources ?T 00 X
£+ settings
Q T & + o
Add Sources
] T at W Design Sources (1)
anguage Templates
E P @ = toplevelirtl) (toplevelvhdl)

i P Catalog » [ Constraints
w Simulation Sources (1)

v |P INTEGRATOR ~ [osim_1 (1)

Create Block Design @Ieuel_tb(tb.] (t.cpleuel_tb.uhdlll IIID

ol
=== P e )

L Lup:cwc:.lLl. iy

Open Block Design » = Utility Sources

Generate Block Design

v SIMULATION

Run simulation L .
Hierarchy Libraries Compile Order

 You now see the added files under Simulation Sources in the Sources window

Task: Note that toplevel.vhdl is beneath toplevel tb.vhdl in the simulation hierarchy.
Why do you think this is? Try to open the file
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work_lab01_vivado - [fhome/andreas/gitlab/dsd /A

File Edit Flow Tools Reports Window Layout Wiew  Help Q- Quick Access

= B X r b o X ) 4

Fl F
? PROJECT MANAGER - work_|lab0l_vivado

Flow Navigator

~ PROJECT MANAGER
Sources ? 00 X
£+ settings
Q T & + o
Add Sources
| W Design Sources (1)
Language Templates
E P @ = toplevelirtl) (toplevelvhdl)
F IP Catalog » - Constraints

w [ Simulation Sources (1)
w osim_1 (1)
« @ .. toplevel_tb(th) (toplevel_th.vhdl) (1)
@ DUT: toplevel(rtl) (toplevel.vhdl)
Open Block Design » = Utility Sources

v |P INTEGRATOR

Create Block Design

Generate Block Design

v SIMULATION

Crunsimulation > |l

Hierarchy Libraries Compile Order

* Click on Run Simulation --> Run Behavioural Simulation in the Flow Navigator

to start the simulation.

 Windows users may have to modify the firewall/anti-virus tool to run simulations
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P ———

(Untitledl )
Q W @ a ¥ & K r °

20,008 ns o~

Name Value

« After the simulation has completed, you should see the simulation output window,
here the tab Untitled 1.

* You can right-click and select Full View inside this window to see the entire
simulation

Task: Looking at the simulation, is this as you would expect given the previous circuit
description? You can try to modify the test-bench and rerun the simulation.
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Tutorial: Part 5 — Adding Constraints

« Before we proceed with the synthesis and implementation steps, we add some
constraints in the form of an .xdc file to the project.
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« Click on File and Add Sources in the upper left part of Vivado

File  Edit Flow Tools Reports

L

Simulation Wavefarm 3

Close Simulation

Checkpoint »
P 3
Text Editor 3
Export 3
Exit

FUSIMULATION

Run Simulation

v RTL AMALYSIS

» Open Elaborated Design

v SYMTHESIS

P Run Synthesis

> Open Synthe | Design

v IMPLEMENTATION
P Run Implementation

ed Design

> OpenImpleme

v PROGRAM AND DEBUG
i Generate Bitstream

» Open Hardware Manager

work_lab01_vivado - [fhome/andreas/gitlab/dsd/A521/labs/lab01_vivado/handout/lab/work_lab01_viva rk_lab01_vivado.xpr] - Vivado 2020.

Window  Layout View Run  Help

& Z M » » 10 us v

(L]
Q

it A l SIMULATION - Behavioral Simulation - Functional - sim_1 - toplevel_tb

Scope Objects Untitled 1
Q = 2 &« Q 4 Q W @ @ i < M T
Mame Design ... BlockT... s MName Walue Data Ty... a1 _
~ op I to toplevel_tb WHDL Entitr A POxDI O Logic 265,000 ns
& DU toplevel(rtl WVHDL Entitr 14 PLxDI O Logic
W P2xDl 0 Logic d. POxDI
U P30l 0 Logic 4 PL:DI
1 LEDO: O Logic
1 LED® 0 Logic 4 P3xDI
1§ DELA' 10000 ps  Physical Ty 8 LEDC
8 LED3
10000 p
w A < » £

Tcl Console

Q = 2 Il B E @
$stop called at time : 90 ns : File "/home/andreas/gitlabsdsd/AS21/1abs/1ab0l_vivadoshandout/lab/src/toplevel_th.vhdl" Line 119
INFO: [USF-XSim-96]1 XSim completed. Design snapshot 'toplevel_tb_behav' loaded.
INFO: [USF-XSim-97] XSim simulation ran for 1000ns
launch_simulation: Time (s): cpu = 00:00:10 ; elapsed = 00:00:07 . Memory (MB): peak = 7576.898 ; galn = 129.832 ; free physical = 3380 ; free virtual = 11538

Specify and/or create source files to add to the project

Ready

Default Layout v

-

90.000 ns ~

Sim Time: 90 ns




X Add Sources

Add Sources

/
Vl\/ADO This guides you through the process of adding and creating sources for your project

HLy Editions
@Dr create constraD

() Add or create design sources

() add or create simulation sources

£ XILINX

 Click on Add or create constraints
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X Add Constraint Files

Laalk in: lab hd tolkdd, @BXC &&=
A
‘\ ) Recent Directories
thomefandreas/gitlab/dsd/as21/labs/lab0l vivado/han.,
sre
work_lab0l _vivado File Preview
Select a file to preview.
File name: Jhome/andreas/gitlabjdsdias21/labs/lab0l _vivado/handout/lab
Files of type: | Design Constraint Files {.sdc, xdc) v

* Navigate up and then into the constr directory
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Add Constraint Files

x
e v todd, mXc (=
<~ i1 PYNG-Z2 v1.0.xdc Recent Directories

/homejandreas/gitlab/dsd/As21/labs/lab0l_vivadothan... ~

n hoard ~

ict { PACKAGE_PIN R14  IOSTANDARD LVCMO
{ PACKAGE_PIN M14  IOSTANDARD LVCMO

5]
+ +

ct { PACKAGE_PIN D19  IOSTANDARD LVCMO
-dict { PACKAGE_PIN D20  IOSTANDARD LVCMO
-dict { PACKAGE_PIN L20  IOSTANDARD LVCMO
-dict { PACKAGE_PIN L19  IOSTANDARD L‘."CMOv

< >

File name: PYMQ-Z2_vl.0.xdc

Files of type: | Design Constraint Files {.sdc, xdc) -

« Select the PYNQ-Z2 v1.0.xdc file and click OK
* For future uses of .xdc files, please remember they are case-sensitive!

Task: Look into the .xdc file to try to understand the format in relation to the
schematic shown in the introduction. Note the reference to a clock which are
commented out. We will use this in a future tutorial
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Tutorial: Part 6 - Synthesis

* We now consider the synthesis step, which will generate a netlist describing your
design in terms of FPGA resources, such as LUTSs.
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- [/home/fandreas/gitlab/dsd/AS21/labs/lab01_vivado/handout/lab/work_lab01_vivado/work_lab01_vivade.xpr] - Vivado 2020.2

Eile Edit Flow Tools Repgrts Window Layout Wiew Run  Help Ready
=, P, E B X <« » r 10 us v | X () Default Layout “
Flow Navigator ER BB SIMULATION - Behavioral Simulation - Functional - sim_1 - toplevel_th
v PROJECT MANAGER R N
Scope Objects Untitled 1
¥ Settings
Q = = & Q . O W a a i+ M T &
Add Sources
L remplat Name Design... Block T... | Mame value Data Ty... ~ _ 50.000 ns ~
anguage Templates
9uag P « < to toplevel tb VHDL Entit 18 POXDI O Logic 20,000 -
o ns 20, ns . ns &0, ns ns
¥ IP Catalog @ DU toplevel(rtl VHDL Entin 18 P1¥DI 0 Logic ! !
W P20l 0 Logic
v |P INTEGRATOR 1 P30l 0 Logic
Create Block Design 12 LEDO: 0 Logic
1 5
Open Block Design 1 LED3; 0 Logic
14 DELA 10000 ps  Physical Ty
Generate Block Design
10000 p
~ SIMULATION
Run Simulation
~ RTL ANALYSIS
» Open Elaborated Design
v IMPLEMEMTATION
P Run Implementation
> Open Implemented Design
v PROGRAM AMD DEBUG
ft Generate Bitstream
> Open Hardware Manager
v
e - < b K S >
Tel Console
a T I B B @
INFO: [USF-%Sim-96] XSim completed. Design snapshot ‘toplevel_tb_behav' loaded. ~
INFO: [USF-XSim-97] XSim simulation ran for 1008ns
launch_simulation: Time (s): cpu = 08:00:10 ; elapsed = 00:00:07 . Memory (MB): peak = 7576.898 ; gain = 129.832 ; free physical = 3380 ; free virtual = 11538
add_files -fileset constrs_1 -norecurse /home/andreas/qitlab/dsd/as21/1abs/1ab0l_vivadoshandout/lab/constr/PYNGQ-Z2_v1. Q. xdc
w
< >
Run synthesis on your project source files Sim Time: 90 ns

« Select Run Synthesis from the Flow Navigator window. In the window that opens
change the number of jobs to 1 (if using servers) and press OK
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« The synthesis will take about a minute. You can follow along in the process by

Eile  Edit Flow Tools
=
Flow Navigator
v PROJECT MANAGER
£} Settings
Add Sources
Language Templates

¥ IP Catalog

<

IP INTEGRATOR
Create Block Design
Open Block Design

Generate Block De

~ SIMULATION

Run Simulation

~ RTL ANALYSIS
» Open Elaborated Design

v SYNTHESIS
P Run Synthesis

> Open Synthesized Design

v IMPLEMEMTATION
Run Implementation

> Open Implemented Design

v PROGRAM AMD DEBUG
Generate Bitstream

> Open Hardware Manager

Reparts

Window  Layout Miew Run  Help

/handout/lab/worl b01_vivadofwor ivado.xpr] - Vivado 2020.2

Running synth_design cCancel )

o z 4 » r 10 | us v | X o Default Layout v
SIMULATION - Behavioral Simulation - Functional - sim_1 - toplevel tb
Scope Objects Untitled 1
Q x 2 & Q . O W a a i+ M + &
Name Design ... Block T... “ | Mame value Data Ty... ~ _ 50,000 ns |~
~ = to toplevel_th VHDL Entit: 14 POxDI O Logic
20,000 ns 40,000 ns
W DU toplevel(rtl WHDL Entitr 14 P1xDI O Logic
W P20l 0 Logic
W P20l 0 Logic
18 LEDO) 0 Logic v
14 LED3: 0 Logic v
18 DELY 10000 ps  Physical Ty v

0

10000 ps

Log

aQ Il B =®

INFO: [Project 1-571] Translating synthesized netlist )
Netlist sorting complete. Time (s): cpu = ©0:00:00 ; elapsed = 90:00:00 . Memory (MB): peak = 2402.559 ; gain = 0.0800 ; free physical = 1681 : free virtual = 10380

INFO: [Project 1-5701 Preparing netlist for logic optimization

INFO: [Opt 31-138] Pushed @ inverter(s) to 0 load pin(s].

Netlist sorting complete. Time (s): cpu = 00:00:00 ; elapsed = 03:00:00 . Memory (MB): peak = 2402.559 ; gain = 0,008 ; free physical = 1627 ; free virtual = 10323

INFO: [Project 1-1111 Unisim Transformation Summary:

No Unisim elements were transformed.

INFO: [Common 17-83] Releasing license: Synthesis

15 Infos. O Warnings. O Critical Warnings and © Errors encountered.

synth_design completed successfully

synth_design: Time (s): cpu = 00:00:24 ; elapsed = 00:00:21 . Memory (MB): peak = 2403.559 ; gain = 91.812 ; free physical = 1765 ; free virtual = 10460

INFO: [Common 17-1381] The checkpoint ' /home/andreas/gitlab/dsd/as2l/1abs1abel_vivados/handout/lab/work_lab0l_vivado/work_label_vivado.runss/synth_l/toplevel.dcp’ has been generated.
INFO: [runtcl-4] Executing : report_utilization -file toplevel_utilization_synth.rpt -pb toplevel_utilization_synth.pb

INFO: [Common 17-206] Exiting Wivado at Mon Sep 27 07:12:49 2021, .,

|

>
Synthesis \mp\em’ntatim Simulation
—_—

Sim Time: 90 ns

clicking on the Log and Synthesis tabs at the bottom of the screen
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x Synthesis Completed

o Synthesis successfully completed.

Next
(® Run Implementation
() Open Synthesized Design
() Wiew Reports

[ ] Don't show this dialog again

« After synthesis is done you will be greeted by this window. Press Cancel
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X _ o work_lab01_vivado - [/home/andreas/gitl3

File Edit Flow Tools Repaorts Window ayout  Wiew  Bun  Help Q- Quick Access
=, E R - 4« » », 10 us v X
Flow Navigator e B SIMUL M - Behavioral Simulation - Functional - sim_1 - toplevel_th

w PROJECT MANAGER
£} settings

3 L]

Scope ¥ Sources S Objects » Protoco

Qa = 3 & Q

« We will now take a look at the project summary (highlighted above).

Task: Before going to the project summary, how many LUTs and I/O ports do you
estimate that the design takes up and why?
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Eile  Edit Flow Tools Reports Window Layout Wiew Run  Help A Quick Synthesis Complete  +/
=, P, E B X < » » 10 us v | () Default Layout v
Flow Navigator SIMULATION - Behavioral Simulation - Functional - sim_1 - toplevel_th ? X

v~ PROJECT MANAGER . ) .
Scope x Sources - oo Objx Prot | 2 _ OO toplevel.vhdl  x Untitled 1  x Project Summary x 200
¥ Settings
Q T = o Q -3 Overview | Dashboard
Add Sources
L T at Name Design... BlockT.. -~ Mame walue D |
anguage Templates
9uag P ~ = to toplevel_tb VHDL Entit 14 POXDI 0 Lo Board Part
IP Catalo i 1
& 9 W DU toplevel(rtl WHDL Entitr 14 P1xDI O Lo Display name: pyngz2
4
1 P20l 0 Lq Board part name: tul.com.tw:pyngz2:part0:1.0
~ P INTEGRATOR 18 P30l 0 Lo Bl pdisiens 1.0
Create Block Design 18 LEDO: O Lo Connectors: Mo connections
Open Block Design 18 LED3: 0 Lo Repository path: ftools/Xilinx/Vivado/2020.2/data/boards/board _files
14 DELA' 10000 ps Pr URL: http:fpwww.tul. com.tw
Generate Block Design
N Board overview: pynq-z2
~ SIMULATION
Run Simulation Synthesis Implementation
Status: </ Complete Status: Mot started
~ RTL ANALYSIS
Messages: Mo errors or warnings Messages: No errors or warnings
> Open Elaborated Design Part: ¥c72020clg400-1 Part: ¥c72020clg400-1
Strategy: Vivado Synthesis Defaults Strategy: wivado Implementation Defaults
v SYNTHESIS Report Strategy: Vivado Synthesis Default Reports Report Strategy: Vivadao Implementation Default Reports
P Run Synthesis Incremental synthesis: None Incremental implementation: None
» Open Synthesized Dasign
DRC Violations Timing
v IMPLEMENTATION Run Implementation to see DRC Run Implementation to see timing results
P Eun Implementation
> Open Implemented Design . .
Utilization Post-Synthesis | Post-implementation Power
v PROGRAM AMD DEBUG
o "
W Generate Bitstream Resource Estimation Available
> Open Hardware Manager LT 2 53200 Run Implementation to see ver results
[Lo] 3] 125
MRS v -
Tcl Console | Messages |Log x Reports ?_00
aQ Il B =®
INFO: [Project 1-571] Translating synthesized netlist ~
Netlist sorting complete. Time (s): cpu = 00:00:00 ; elapsed = 03:00:00 . Memory (MB): peak = 2402.559 ; gain = 0,008 ; free physical = 1881 ; free virtual = 10320 kA
Implementation Simulation
Implement the active synthesized netlist

* Press on Table under the utilization view (after scrolling down a bit), here you see
the resource utilization
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Tutorial: Part 7 - Implementation

* We now consider the implementation. This step takes the generated netlist from the
synthesis step along with design constraints and implements it on the FPGA.

« This step comprises three main parts that can be carried out individually but are
usually all run at the same time
* Linking: The various input netlists from synthesis and design constraints are merged

» Placement: Places the netlist elements onto the FPGA and optimizes the design using the
constraints

* Routing: Routes the various components of the design together

Note: The various warnings you will see during this example can be safely ignored.

They relate to missing clock information, which is not added as the design is purely
combinational
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Eile  Edit Flow Tools Reports Window Layout Wiew Run  Help Q- Quicl 3 Synthesis Complete  +/
=, P, E B X < » » 10 us v | () Default Layout v
Flow Navigator SIMULATION - Behavioral Simulation - Functional - sim_1 - toplevel_th ? X

v~ PROJECT MANAGER . ) .
Scope x Sources - oo Objx Prot | 2 _ OO toplevel.vhdl  x Untitled 1  x Project Summary x 200
¥ Settings
Q T = o Q -3 Overview | Dashboard
Add Sources
L T at Name Design... BlockT.. -~ Mame walue D |
anguage Templates
9uag P ~ = to toplevel_tb VHDL Entit 14 POXDI 0 Lo Board Part
IP Catalo i L
& 9 W DU toplevel(rtl WHDL Entitr 14 P1xDI O Lo Display name: pyngz2
)
1 P20l 0 Lq Board part name: tul.com.tw:pyngz2:part0:1.0
~ P INTEGRATOR 18 P30l 0 Lo Bl pdisiens 1.0
Create Block Design 18 LEDO: O Lo Connectors: Mo connections
Open Block Design 18 LED3: 0 Lo Repository path: ftools/Xilinx/Vivado/2020.2/data/boards/board _files
14 DELA' 10000 ps Pr URL: http:fpwww.tul. com.tw
Generate Block Design
N Board overview: pynq-z2
~ SIMULATION
Run Simulation Synthesis Implementation
Status: </ Complete Status: Mot started
~ RTL ANALYSIS
Messages: Mo errors or warnings Messages: No errors or warnings
> Open Elaborated Design Part: ¥c72020clg400-1 Part: ¥c72020clg400-1
Strategy: Vivado Synthesis Defaults Strategy: wivado Implementation Defaults
v SYNTHESIS Report Strategy: Vivado Synthesis Default Reports Report Strategy: Vivadao Implementation Default Reports
P Run Synthesis Incremental synthesis: None Incremental implementation: None
» Open Synthesized Dasign
DRC Violations Timing
AT|0
¥ _MPLEMERL i Run Implementation to see DRC Run Implementation to see timing results
P Eun Implementation
; h ' Utilization Post-Synthesis | Fost-implementation Power
v PROGRAM AMD DEBUG Graph | Table
o "
W Generate Bitstream Resource Estimation Available Utilization %
> Open Hardware Manager LT 2 53200 0.01 Run Implementation to see ver results
[Lo] 3] 125 4.80
. < > v R
Tcl Console | Messages |Log x Reports ?_00
aQ Il B =®
INFO: [Project 1-571] Translating synthesized netlist ~
Netlist sorting complete. Time (s): cpu = 00:00:00 ; elapsed = 03:00:00 . Memory (MB): peak = 2402.559 ; gain = 0,008 ; free physical = 1881 ; free virtual = 10320 kA
Implementation Simulation
Implement the active synthesized netlist

« Select Run Implementation from the Flow Navigator window. In the window that
opens change the number of jobs to 1 (if using servers) and press OK.
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Eile  Edit Flow Tools Reports Window Layout Wiew Run  Help Implementation Complete

=, P, E B X < » » 10 us - () Default Layout v
Flow Navigator SIMULATION - Behavioral Simulation - Functional - sim_1 - toplevel_th ? X
v~ PROJECT MANAGER . ) .

Scope x Sources - oo Objx Prot | 2 _ OO toplevel.vhdl  x Untitled 1  x Project Summary x 200
¥ Settings
Q T = o Q -3 Overview | Dashboard
Add Sources
L T at Name Design... BlockT.. -~ Mame walue D |
anguage Templates ~ = to toplevel_tb VHDL Entit 14 POXDI 0 Lo Board Part
IP Catalo i 1
& 9 W DU toplevel(rtl WHDL Entitr 14 P1xDI O Lo Display name: pyngz2
1 P20l 0 Lq Board part name: tul.com.tw:pyngz2:part0:1.0
~ P INTEGRATOR 18 P30l 0 Lo Bl pdisiens 1.0
Create Block Design 18 LEDO: O Lo Connectors: Mo connections
Open Block Design 18 LED3: 0 Lo Repository path: ftools/Xilinx/Vivado/2020.2/data/boards/board _files
14 DELA' 10000 ps Pr URL: http:fpwww.tul. com.tw
Generate Block Design
N Board overview: pynq-z2
~ SIMULATION
Run Simulation Synthesis Implementation Summary | Route Status
Status; </ Complete Status: ~/ Complete
~ RTL ANALYSIS
Messages: Mo errors or warnings Messages: 2 warnings
> Open Elaborated Design Part: ¥c72020clg400-1 Part: ¥c72020clg400-1
Strategy: Vivado Synthesis Defaults Strategy: wivado Implementation Defaults
v SYNTHESIS Report Strategy: Vivado Synthesis Default Reports Report Strategy: Vivadao Implementation Default Reports
P Run Synthesis v < > v Incremental synthesis: None Incremental implementation: None v

e —

> Open Synthesized Design Tel Console Messées Log x Rep}rts ?-00O
a B =

v IMPLEMEMTATION

Command: report_power -file toplevel_power_routed.rpt -pb toplevel_power_summary_routed.pb -rpx toplevel_power_routed.rpx -
INFO: [Timing 38-35] Done setting XDC timing constraints.

WARNING: [Power 33-232] Mo user defined clocks were found in the design! Power estimation will be inaccurate until this is corrected.

Resolution: Please specify clocks using create_clock/create_generated clock for sequential elements. For pure combinatorial circuits, please specify a wirtual clock, otherwise the vectorless estimation might be inaccurate

Running Vector-less Activity Propagation...

P Run Implementation

> Open Implemented Design

~ PROGRAM AND DEBUG Finished Running Vector-less Activity Propagation

1% Generate Bitstream 71 Infos, 2 Warnings, O Critical Warnings and O Errors encountered.
report_power completed successfully
» Open Hardware Manager INFO: [runtcl-4] Executing : report_route_status -file toplevel_route_status.rpt -pb toplevel_route_status.pb

INFO: [runtcl-4] Executing : report_timing_summary -max_paths 10 -file toplevel_timing_summary_routed.rpt -pb toplevel_timing_summary_routed.pb -rpx toplevel timing_summary_routed.rpx -warn_on_violation
INFO: [Timing 38-91] UpdateTimingParams: Speed gqrade: -1, Delay Type: min_max.

INFO: [Timing 38-191] Multithreading enabled for timing update using a maximum of 8 CPUs

WARNING: [Timing 38-313] There are no user specified timing constraints. Timing constraints are needed for proper timing analysis.

INFO: [runtcl-4] Executing : report_incremental_reuse -file toplevel_incremental_reuse_routed.rpt

INFO: [vivado_Tcl 4-1062] Incremental flow is disabled. No incremental reuse Info to report.

INFO: [runtcl-4] Executing : report_clock_utilization -file toplevel_clock_utilization_routed.rpt

INFO: [runtcl-4] Executing : report_bus_skew -warn_on_violation -file toplewel_bus_skew_routed.rpt -pb toplevel_bus_skew_routed.pb -rpx toplevel_bus_skew_routed.rpx
INFO: [Timing 38-91] UpdateTimingParams: Speed grade: -1, Delay Type: min_max.

INFO: [Timing 38-191] Multithreading enabled for timing update using a maximum of 8 CPUs

INFO: [Common 17-208] Exiting Vivado at Mon Sep 27 07:15:05 2021. ..

Synthesis Implementation

« The implementation will take about a minute. You can follow along in the process
by clicking on the Log and Implementation tabs at the bottom of the screen
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« After the implementation finishes, press Open Implemented Design

=PrL

x Implementation Completed

o Implementation successfully completed,

Mext
@pen Implemente@

[ ) Generate Bitstream

() Wiew Reports

[ ) Don't show this dialog again

Cancel
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~ SIMULATION
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P Run Synthesis
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~ IMPLEMENTATION
P Run Implementation
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Timing Summary - impl_1 (saved)

4 Design Timing Summary
3

Setup
worst Negative Slack (WNS):
Total Negative Slack (TNS)
Number of Failing Endpoints:
Total Number of Endpoints:

ivado/handout/lab/worl

Device

Timing

MA
MA
A
A

© 83 R B o

“

Hold
Waorst Hold Slack (WHS):
Total Hold Slack (THS):
Mumber of Failing Endpoints:

Total Number of Endpoints:

There are no user specified timing constraints.

MA

MA
MA

b01_vivadofwor

00m omoom oo

Pulse Width
worst Pulse Width Slack (WPWS):
Total Pulse Width Megative Slack (TPWS)
Number of Failing Endpoints:

Total Number of Endpoints:

ivado.xpr] - Vivado 2020.2

MA
NA
NA
NA

Implementation Complete

Default Layout

« The device view then shows how your design has been implemented on the FPGA.
As this is a small design, you can only barely see it. Click on Leaf Cells
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P Run Synthesis
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Type:
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. Unconstrained Paths Total Number of Endpoints:  NA Total Number of Endpoints:  NA Total Number of Endpoints: A
Report Utilization
3 There are no user specified timing constraints.
& Report Power
"1 schematic
Timing Summary - impl_1 (saved)
|

« Then click on the LEDOXDO OBUF inst i 1 (LUT2) leaf cell
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ork_lab01_vivado.xpr] - Vivado 2020.2
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> Nets (12)
w o Leaf Cells (8]
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Cell Properties

oo Opooooo. &3 53

LEDOxDO_OBUF_inst_i_1 - o

Pl
Narme: LEDOXDO_OBUF_inst_i_L

Reference name: LuT2

Type: uT
BEL:
Site:
Tile:

[ CLBLM_R_X71v¥141
m x1v2

Number of cell pins: 3

Clock region:

General = FProperties Fower Nets Ce

Timing

]
4

4 Design Timing Summary
»

You can see the resource that this cell is taking up, in this case a 6-input LUT

This is the result of the synthesis and implementation process! The OR gate has been
mapped to a 6-input LUT, then placed at this site of the FPGA and its inputs/outputs routed
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4 Design Timing Summary
13

General Information

There are no user specified timing constraints.

Timing Summary - impl_1 (saved)

b01_vivadofwor ivado.xpr] - Vivado 2020.2
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Report Methodology Timer Settings Setup Hold Pulse Width
Report DRC Design Timing Summary Worst Negative Slack (WNS):  NA Warst Hold Slack (WHS): A worst Pulse Width Slack (WPWS): A
Report Noise » [ Check Timing (0) Total Negative Slack (TNS):  NA Total Hold Slack (THS): MA Total Pulse Width Megative Slack (TPWS):  MA
. . User Ignored Paths Number of Failing Endpoints: NA Mumber of Failing Endpoints:  NA Number of Failing Endpeints: NA
Report Utilization Unconstrained Paths
Total Number of Endpoints:  N& Total Number of Endpoints:  Ma Total Mumber of Endpoints: NA

Implementation Complete

Default Layout

« Asthisis a LUT, we can see the truth-table implemented
 Navigate to Truth Table using the arrows in the Cell Properties window
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4 Design Timing Summary
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abs/lab01_vivado/handout/labfworl
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Hold
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A Mumber of Failing Endpoints:
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ming constraints.
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bo1_vivado.xpr] - Vivado 2020.2
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Pulse width

Worst Pulse Width Slack (WPWS):

Total Pulse Width Negative Slack (TPWS):
Number of Failing Endpoints:

Total Number of Endpoints:

NA
A
A
A

Implementation Complete

Default Layout

If we then consider the Device view again, it is possible to zoom in on your device,

it will be slightly highlighted (may be hard to see)
Here, it is in the upper right corner
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« Here we then see the LUT.

Timing
4 Design Timing Summary
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Setup Hold Pulse Width
Worst Negative Slack (WNS)  NA Worst Hold Slack (WHS): MA Worst Pulse Width Slack (WPWS): NA
Total Negative Slack (TNS):  NA Total Hold Slack (THS): MA Total Pulse Width Megative Slack (TPWS): NA
Number of Failing Endpoints:  NA Mumber of Failing Endpoints:  NA Number of Failing Endpoints: NA
Total Number of Endpoints:  N& Total Number of Endpoints:  Ma Total Mumber of Endpoints: NA
S i S S U

Note how the resources (LUTSs,

=P

chains are grouped together.
This is called a Slice on Xilinx FPGAs.

MUXSs, FFs and carry-
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Implementation Complete

Default Layout ~

Pulse wWidth
Worst Pulse Width Slack (WPWS): A
Total Pulse Width Megative Slack (TPWS):  NA
Number of Failing Endpoints: A
Tatal Mumber of Endpoints: A

« Another option of looking at your design is to see the schematic.
* Click on toplevel in the Netlist tab and then click on Schematic under

Im|i)_lementation
F




* Then, we see the schematic of our design, with the LUTs
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Tutorial: Part 8 — Bitstream Generation

« We now consider the bitstream generation step and the programming
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Timer Settings Setup Hold Pulse Width
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Timil

Generate a programming file after implementation

dreas/gitlab/dsd/AS21/labs/lab01_vivado/handout/lab/work_lab01_vivadofwork_lab01_vivadeo.xpr] - Vivado 2020.2

There are no user specified timing constraints.

ng Summary - impl_1 (saved)

« Select Generate Bitstream from the Flow Navigator window. In the window that
opens change the number of jobs to 1 (if on servers) and press OK
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x Bitstream Generation Completed

o Bitstream Generation successfully completed.

Next

[ ) View Baporte—
(®) open Hardware Manag)

[ ) Generate Memory Configuration File

[ ) Don't show this dialog again

Cancel

If you have a local installation, you can then press Open Hardware Manager

If you do not have a local installation, go to the next part after you have copied the bit-file:
1. Inthe Ubuntu VM (not the Linux servers) or your own Linux computer open a new terminal window
2. Use scp to copy the toplevel.bit file to the current directory of the terminal (current=dot)

scp edauserX@selsrv2.epfl.ch:dsd22/1ab@1 vivado_handout/lab/work lab@l vivado/work lab@l vivado.runs/impl 1/toplevel.bit .

=PrL
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Then put the toplevel.bit file on a computer which has Vivado installed for programming the FPGA
You can read more about scp for Linux here

If your host computer is a Windows machine, use WinSCP to copy the file

i



https://man7.org/linux/man-pages/man1/scp.1.html

Eile Edit Flow Tools Repgrts Window Layout Wiew Help Q- Quick write_bitstream Complete
li‘ b‘ LI « TN Default Layout w
Flow Navigator A HARDWARE MANAGER - uncopos ? X
> PROJECT MANAGER @ No hardware tg
> IP INTEGRATOR Hardware toplevel.vhdl ?O0O0X
o /home/andreas/gitlab/dsdias21/labs/lab0l_vivadothandoutilab/sreftoplevel.vhd! X
> SIMULATION
- x B B X / m Q &
> RTL ANALYSIS e=== - ~H
- ofile toplevel. vhal
> SYNTHESIS -- Standard library
LIBRARY IEEE:
-- Standard packages
> IMPLEMENTATION Mo content USE TEEE.STD LOGIC 1164.ALL;
~ PROGRAM AND DEBUG -
I Generate Bitstream
- e Vivado introg
~ Open Hardware Manager - omments serve to
Open Target
Program Device Netlist Properties ?_00 X b
Configuration Memory Devic £ -3 -
ENTITY toplevel IS
PORT (
FOxDI @ IN STD_LOGIC:
P1xDI : IN STD LOGIC:
P2xDI : IN STD_LOGIC;
F3xDI : IN STD_LOGIC;
Select an object to sea p LEDOxDO : OUT STD_LOGIC;
LEDZxDO : OUT STD_LOGIC
1
END toplevel:
- v
< >
Tcl Console x Messages | Serial /O Links | Serial /O Scans ?_00
a T I B B @
No Unisin elements were transformed. ~
“ open_run: Time (s): cpu = 00:00/17 ; slapsed = 80:08:11 . Memory (MB): psak = 7937.496 ; gain = 360,598 ; free physical = 1876 ; free wirtual = 19323
launch_runs impl_1 -to_step write_bitstream -jobs 4
. [Mon Sep 27 07:18:28 20211 Launched impl_1...
Run output will be captured here: /home/andreas/gitlab/dsd/AS21/1abs/1ab0l_vivado/handout/lab/work_lab0l_vivado/work_lab8l_vivada.runs/impl_1/runme.log
© open_hw_nanager
B w
< >
Type a Tcl command here

« Connect your board to your computer using the provided USB-cable

« Then, click on Open target --> Auto Connect
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o/handout/lab/work_lab01_vivado/work_lab01_vivado.xpr] - Vivado 202

File Edit Flow Tools Reports Window Layout Wiew Help - Quic write_bitstream Complete "
b B o = Dashboard - Default Layout v
4
E3 B B HARDWARE MANAGER - locg /1 234-tulA ? X
~ PROJECT MANAGER @ There are no debyff cores. Program device Refres\ device
£} Settings
Hardware
Add Sources
> | -
Q = = i
Language Templates
' Name Status
% 1P catalag ~ K localhost (1) Connected
v Be silin_tefixiling1234-tuld (2] Open
~ IP INTEGRATOR @ arm_dap_0 (0) A
Create Block Design ~ {8 %eTz020.1 (1) Mot program
Open Block Design IE XADC (System Monitor)
Generate Block Design
v SIMULATION
Run Simulation
< 2
~ RTL AMALYSIS Properties ?_00 X
> Open Elaborated Design Y
v SYNTHESIS
P Run Synthesis
> Open Synthesized Design
~ IMPLEMENTATICN Select an object to see
P Run Implementation
> OpenImplemented Design
~ PROGRAM AND DEBUG
Jii Generate Bitstream
~ Open Hardware Manager Tcl Console x Messages | Serial I/O Links | Serial /'O Scans 2 _ 00
Open Targst Q= I B E @
Pragram Device ~
open_hw_target
Add Configuration Memory Devic INFO: [Labtoolstcl 44-466] Opening hw_target localhost:3121/xilinx_tcf/Xilinx/1234-tula
. set_property PROGRAM.FILE {/home/andreas/gitlab/sdsd/AS21,/1abs 1ab0l_vivada/handout/labswork_labol_vivadoswork_lab@l_vivado. runs/impl_l/toplevel.bit} [get_hw_devices xc7z020 1]
. current_hw_device [get_hw_devices xc7z020 1]
refresh_hw_device -update_hw_probes false [lindex [get hw_devices xc7z020_1] 0]
- INFO: [Labtools 27-1435] Device xc7z020 (JTAG device index = 1) is not programmed (DOMNE status = @).
' A
< >
Type a Tcl command here

« Now that we have connected to the FPGA, we see the FPGA
* Press on Program Device
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x Program Device

Select a bitstream programming file and download it to your hardware device. You can optionally select a debug probes file that corresponds to the
debug cores contained in the bitstream programming file. '

Bitstream file: /home/andreas/gitlab/dsd/A521/labs/lab0l _vivado/handout/labjwork lab0l vivadojwork |lab01 vivado.runsfimpl_1/toplevel.bit]

[
Debug probes file: IZ'

| Enable end of startup check

P
\2) Program Cancel

* Click program
* Note the path of the bitstream file here, in case you are running Vivado on the

servers and you don’t know where the bitstream file is and need to download it for

locally programming the FPGA
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DIP Switches

...................

Buttons

* You can then press the buttons on the board to see the LEDs lighting up based on

the implemented logic
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Tutorial: Part 9 — Programming With Lab Edition

 If you do not have a local installation, you can generate the bit-file on the Linux
server by following part 8 and then simply copy the bit-file to your local machine.

« This consists of the following steps:
1. Generate the bit-file (see part 8)

2. Copy the bit-file from the server at
work lab@l vivado/work lab@l vivado.runs/impl 1/toplevel.bit to your local

machine using, e.g., WinSCP (on Windows) or scp (on Linux). For this, you will use selsrvl or
selsrv2 as the host name and your username as the user name of the tool.

3. Install the Lab Edition of the Vivado Design Suite. This version takes up considerably less space
than the full edition.

To continue to the next part of the tutorial, please first complete the installation of the
Vivado Lab Edition. This part of the tutorial uses an installation of the Vivado 2018.2
lab edition on Windows as an example, but the steps are the same between
Windows/Linux and for newer versions of Vivado
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#% Vivado Lab Edition 2018.2

File  Tools Window  Help Q- Quick Access

. Recent Projects
Quick Start PO e

Create Project >
Open Project >

Open Hardware Manager >

Learning Center

Documentation and Tutorials >
Quick Take Videos >

Release Notes Guide >

Tcl Consale

* Open Vivado Lab Edition
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#% Vivado Lab Edition 2018.2

File  Tools Window  Help Q- Quick Access

Recent Projects

Quick Start project_1
Ci/Users/Andreas/project_1

Create ct >

B

Open Hardware Manager >

Learning Center

Documentation and Tutorials >
Quick Take Videos >

Release Notes Guide >

Tcl Consale

* Click on Open Hardware Manager
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¢ Vivado Lab Edition 2018.2

File  Edit Tools Window  Layout View  Help Q- Quick Access

=, /——“\ Rashhed

== Default Layout

© No hardware targetgqgen. Open target )

Hardware ? _0O0 X

o

Mo content

Properties ? 008 X

Select an objectto see properties

TciConsole % Messages | Serial /O Links | Serial /O Scans

a = £ I B B o

E start_gui
| open_hw

 Connect the board with the USB cable
* Then press Open target --> autoconnect
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# Vivado Lab Edition 2018.2 — O *

File  Edit Tools Window  Layout View  Help Q- Quick Access

= /—“—\ Dashboard ~ 2= Default Layout v
© There are no debug(qgs. Program device Reﬂﬁ? device

Hardware ? _0O00 X
a = | < &
Name Status
~ B localhost (1) Connected ™
v Bl yiling_toRKiling1234-4ulA (2) Open
& arm_dap_0(0) MiA <
< >
Properties. ? 00 X

Select an objectto see properties

Tcl Console  « Messages Serial 'O Links Serial IO Scans ? 00O
o = £ Il B E @
WARNING: [Labtools 27-3361] The debug hubk core was not detected. -

Resolution:

1. Make sure the clock connectsd to the debug hub (dbg_hub) core is a fres running clock and is active.

2. Make sure the BSCAN_SWITCH_USER_MASK device property in Vivado Hardware Manager reflects the user scan chain setting in the design
| For more details on setting the scan chain property, consult the Vivado Debug and Programming User Guide (UGS08).

Type a Tcl command here

* Press Program Device
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Select a bitstream programming file and download it to your hardware device. You can optionally
select a debug probes file that corresponds to the debug cores contained in the bitstream

| programming file.

Bitstream file:
Debug probes file:

+ | Enable end of startup check

!

e

D Cancel

 In this window, you then have to point to the bit-file that you copied before by
clicking on the indicated three dots ....

 Then, press Program once you have added the bit-file
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DIP Switches

...................

Buttons

* You can then press the buttons on the board to see the LEDs lighting up based on

the implemented logic
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Taking care of your FPGA board

« Congratulations! You have now completed the tutorial

* Now that you're packing your FPGA board away please always remember to
= Put the FPGA board in the box and ideally in the wrapping (if you have wrapping)
* Please do not lose your cables or other provided equipment

 Please do not lose the FPGA or take it with you if you leave EPFL after the
semester, we check at the end of the semester if all FPGASs have been
returned!
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