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Field Programmable Gate Arrays (FPGAS)

® FPGAs are programmable integrated circuits

e Consist of configurable logic blocks (CLBs)
o  Look-Up Tables (LUTs) for combinational logic
o  Flip-Flops (FFs) for sequential logic
o Multiplexers (MUXs) for routing
e Advantages
O  Flexibility to reprogram for different applications
o  Lower development costs compared to ASICs
e They are used in various fields | R
o  Signal processing, aerospace, Al/ML ; IEAD i ;m T mﬁﬁ i
® FPGA vs. ASIC - P Ok 23 Lj
o ASICis application specific (duh!)
o  FPGAs are better options for prototyping
e Some well-known vendors
o Digilent
o Xilinx (AMD)
o  Altera (Intel)
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Simulation

® The process of modeling and analyzing the behavior of digital circuits using

software tools
o Acritical step in the design and verification before the hardware implementation (FPGA)
o  Register Transfer Level (RTL) simulation tests the code written in SystemVerilog
o  Simulation waveforms are our main debugging tool!
e Simulator alternatives
o  Vivado Design Suite includes a built-in simulator
m Provides a graphical waveform for signal inspection
o Verilator is an open-source simulator
m  Produces waveforms (vcd files), it requires a viewer to open them (GTKWave)

e Why do we need a testbench (TB) for simulation? TB is not synthesizable!
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Synthesis

e The process of converting high-level Hardware Description Language (HDL) code into
gate-level netlist (logic gates, FFs, etc.)
® Reports
o  Space utilization
o Timing & critical path
e What do we need to synthesize our code?
o Atop module, acts like a wrapper for our synthesizable code

m It instantiates the synthesizable modules
m It connects them to the FPGA’s I/O pins via constraint files (XDC)




Implementation

® The process of converting synthesized design into a physical layout that can be
finally programmed onto an FPGA

® Places the design and routes the connections, meeting timing and resource
constraints

® Timing, and congestion challenges - but not our problem for now!




Tools installation

e Simulation options
o  Vivado, but it has high disk space requirements (~70 GB)
o  Alternatives for Linux/MacOS
m Verilator + GTKWave (follow the site’s instructions)
m Icarus Verilog + GTKWave (follow the site’s instructions)
o  You are able to use the department’s machines for simulations
m Don’t forget ssh -X for display forwarding!

e For the FPGA flow (synthesis & implementation) we will use only Vivado during
lab hours



Vivado installation - Version/OS/Account

Version
& AMD Unified Installer for FPGAs & Adaptive SoCs 2024.2: Windows Self Extracting AM Da

2024.2 Web Installer (EXE - 222.91 MB)

2024.1 =
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& AMD Unified Installer for FPGAs & Adaptive SoCs 2024.2: Linux Self Extracting Web

Installer (BIN - 303.93 MB)
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Vivado installation - Initial setup

AMD Unified Installer for FPGAs & Adaptive SoCs 2024.2 - Select Install Type

Select Install Type

Please select install type and provide your AMD.com E-mail Address and password for authentication.

User Authentication

Please provide your AMD user account credentials to download the required files.
If you don't have an account, please create one. If you forgot your password, you can reset it here.

E-mail Address  [sototomi il.com |

Password

® Download and Install Now

Select your desired device and tool installation options and the installer will download and install just what is required.

© Download Image (Install Separately)

AMD Unified Installer for FPGAs & Adaptive So )24.2 - Select Product t

Select Product to Install

Select a product to continue installation. You will be able to customize the content in the next page.

O Vitis
Installs Vitis Core Development Kit for embedded software and application acceleration development on AMD platforms. Vitis
installation includes Vivado Design Suite. Users can also install Vitis Model Composer to design for Al Engines and Programmable
Logic in MATLAB and Simulink. There is an option to install Power Design Manager for power estimation of Versal, UltraScale+,
and Kria products.

@® vivado
Includes the full complement of Vivado Design Suite tools for design, including C-based design with Vitis High-Level Synthesis,
implementation, verification and device programming. Complete device support, cable driver, and Document Navigator included.
Users can also install Vitis Model Composer to design for Al Engines and Programmable Logic in MATLAB and Simulink. Users can
select to install the Vitis it which is an software d pment package. There is an option to
install Power Design Manager for power estimation of Versal, UltraScale+, and Kria products.

AMD Unified Installer for FPGAs & Adaptive SoCs 2024.2 - Select Edition to Install

Select Edition to Install

Select an edition to continue installation. You will be able to customize the content in the next page.

@® Vvivado ML Standard

Vivado ML Standard Edition is the no-cost, device limited version of the Vivado ML Enterprise edition. Users can add Vitis Model
Composer which is an AMD toolbox for MATLAB and Simulink to design for Al Engines and Programmable Logic. Users can select to
install the Vitis Embedded Development which is an embedded software development package. If you have been using AMD System
Generator for DSP, you can continue development using Vitis Model Composer. There is an option to install Power Design Manager
for power estimation of Versal, UltraScale+, and Kria products.

O Vivado ML Enterprise

Vivado ML Enterprise Edition includes the full complement of Vivado Design Suite tools for design, including C-based design with Vitis
HLS, implementation, verification, and device programming. Complete device support, cable drivers, and documentation Navigator
are included. Users can add Vitis Model Composer which is an AMD toolbox for MATLAB and Simulink to des\gn for Al Engines and
Progr ble Logic. Users can select to install the Vitis Embedded Development which is an embedded software devel

Copyright © 1986-2022 Xilinx, Inc. All rights reserved. <Back |[ mext> |[ cancel

Copyright © 2022-2025 Advanced Micro Devices, Inc. All rights reserved.

Linux: If you install Vivado in a system’s
directory, you have to execute the installer

binary with sudo permissions

package. If you have been using AMD System Generator for DSP, you can continue development using Vitis Model Composer. There
is an option to install Power Design Manager for power estimation of Versal, UltraScale+, and Kria products.

Copyright © 1986-2022 Xilinx, Inc. Al rights reserved. <Back |[ mext> |[ cancel
Copyright ® 2022-2025 Advanced Micro Devices, Inc. All rights reserved.




Vivado installation - Devices & Basys 3 board files

AMD Unified Installer For FPGAs & Adaptive SoCs 2024.2 - Vivado ML Standard

Vivado ML Standard

Customize your installation by (de)selecting items in the tree below. Moving cursor over selections below provide additional AM Da

information.

Vivado ML Standard Edition is the no-cost, device limited version of the Vivado ML Enterprise edition. Users can add Vitis Model Composer

which is an AMD toolbox for MATLAB and Simulink to de5|gn for Al Engines and Programmable Logic. Users can select to install the Vitis
bedded Devels it which is an embedded software develop it package. If you have been using AMD System Generator for DSP, you

can continue development using Vitis Model Composer. There is an option to install Power Design Manager for power estimation of Versal,

UltraScale+, and Kria products.

¢ & Design Tools
¢ [@ \Vivado Design Suite
Vivado
Vitis HLS
[] Vitis Networking P4
[[] Vitis Model Composer(Toolbox for MATLAB and Simulink. Includes the functionality of System Generator for DSP)
[] Vitis Embedded Development

. B If you would like to test synthesis and implementation locall
? Devices . . .
o el Beices o e ot el startsr e you have to copy to your vivado directory the associated
¢ @ SoCs . . . . .
R e board files. Do this step after Vivado installation completes.
¢ M Sir|;;7( ‘:mtedj‘suig;grt
v, rtix-’
@ Sparan- https://digilent.com/reference/software/vivado/board-files

o [] UltraScale (limited support
o [] UltraScale+ (limited support)
o [] Versal ACAP

o [ Engineering Sample
¢ « Installation Options
NOTE: Cable Drivers are not installed on Linux. Please follow the instructions in UG973 to install Linux cable drivers
Download Size: 15.74 GB Reset to Defaults
Disk Space Required: 61.0 GB —
Copyright © 1986-2022 Xilinx, Inc. All rights reserved. < Back H Next > H Cancel I

Copyright @ 2022-2025 Advanced Micro Devices, Inc. All rights reserved.



https://digilent.com/reference/software/vivado/board-files

Vivado installation - Final step, wait & run

AMD Unified Installer For FPGAs & Adaptive SoCs 2024.2 - Select Destination Directory

Select Destination Directory

Choose installation options such as location and shortcuts,

Installation Options Select shortcut and file association options
Select the installation directory [v] Create program group entries

/spare/Xilinx \ g [xilinx Design Tools

Installation location(s) [v] Create desktop shortcuts

Ispare/Xilinx/Vivado/2024.2

sototo@rvil $ pwd
Ispare/Xilinx/\Vitis_HLS/2024.2 -

Download location
Ispare/XilinDownloads/Vivado_2024.2 COTC L C $ = d Vl\/a d 0/

S s

Disk Space Required

Download Size: 15.74 GB
Disk Space Required: 61.0 GB
Final Disk Usage: 34.94 GB

Disk Space Available: 3603.56 GB v A $ C d 2024 - 2/
' ' $ source settings64.sh
$ cd bin/
$ sudo ./vivado D

Copyright @ 1986-2022 Xilinx, Inc. All rights reserved.

< Back ‘ ‘ Next > || Cancel
Copyright @ 2022-2025 Advanced Micro Devices, Inc. All rights reserved.
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Vivado - Project creation

Fow Tools Window.

AMDZ1 Project Name

\{_i\E/adu Enter a name for your project and specify a directory where the project data files will be stored.
ML Ediion

Quick Start

Project name: project_1
cremeproeet >

nProfect > AMDT  cree e tew Vivado prolect Project location: |/spare/XilimdVivado/2024.2/bin [+
oo e e > Vivado it st o e

ML Ediion o create a Wvado project you wil need to provide a name and a location for your project fles. Neit, you wil specty the type of flow youl be
working wih. Fnaly. you il Specty your project sources and chooss = defauk par.

(V) Create project subdirectory

Project will be created at: /spare/Xilinx/Vivado/2024. 2/bin/project_1
Tasks
Wanage P >
o e e
hado sore 5

Learning Center
Documentaton and Tutorals >
QuickTake ideos >

Whats Newin 20243 >

® ] [eonel |

&
Tel Consale
New Project Waard wil guide you through the process of selecting design sources and a target device for a new praject.
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Vivado - Project creation

& Toos wndow _elp

AMDD\ Project Name

\{_i\E/adu Enter a name for your project and specify a directory where the project data files will be stored.
ML Ediion

Quick Start . : Project name: |project_1

cremeproeet >
UD—— i . : 7 =
Gpen project > AMDZ1 Project location: /spare/Xiinx/\Vivado/2024.2/bin
oo e e > Vivado it st o e e B
BUEShan o i o ol ent oot s s g s s pch e ot @) Create project subdirectory

Project will be created at: /spare/Xilin/Vivado/2024. 2/bin/project_1

Tasks |

Lol New Project
O e et {

Vivado Store > Project Type

Specify the type of project to create.

Learning Center

Documentation and Tutorials >
Quick Take Videos >
What's New n 20242 >

RIL Project
® &
You will be able to add sources, create block designs in IP Integrator, generate IP, run RTL analysis, synthesis, implementation, design planning and analysis.

[¥) Do not specify sources at this time

[ Project is an extensible Vitis platform

Post-synthesis Project
You will be able to add sources, view device resources, run design ana

ning and wméemenamn I
rdo!

Cancel

10 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 Project File.

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

Tel Consale
New Project Waard wil guide you through the process of selecting design sources and a target device for a new praject.
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Vivado - Import files & constraints

New Project X

Add Sources

Specify HDL, netlist, Block Design, and IP files, or directories containing those files, to add to your project. Create a new source file on disk and add it to your project.
You can also add and create sources later.

+ -t 3 2
= Scope  Sources x IR
Index Name Library HDL Source For Location

[ ] 1 counter.sv  xil_defaultlib ~ Synthesis & Simulation ~ /home/sototo/Downloads/lab0_code > Q - -~ + a
[ ] 2 labo_tb.sv  xil_defaultlib iVSsmu\ation only 1 ',‘ /home/sototo/Downloads/lab0_code - -
o 3 lab0_top.sv  xil_defaultlib  Synthesis & Simulation ~ /home/sototo/Downloads/lab0_code 2 N

. Design Sources (1

v @ top | 1
Add Constraints (optional)

Specify or create constraint files for physical and timing constraints.

@ u_counter: counter_4bit
> Constraints

+

v .. Simulation Sources

lab0.xdc /homef/sototo/Downloads/labo_code e sim_1 (1

Constraint File  Location

v @ - counter_tb
v @ top_instance : top (top.sv) (1

These are provided by us ) @ u_counter : counter_4bit (counter.sv)
> Utility Sources

Add Files Create File

() Copy constraints files into project




Vivado - Board selection

New Project

Default Part
Choose a default AMD part or board for your project.

Parts | Boards
Reset All Filters

Vendor: | All v Name: | All

Q CHA 4

Search: [Q v
Display Name Preview
Arty

Basys3

Cmod A7-15t

Cmod A7-35t

Cora Z7-07S

Status

Installed

Installed

Installed

Installed

Installed

Vendor

digilentinc.com

digilentinc.com

digilentinc.com

digilentinc.com

digilentinc.com

File Version

11

Part

xc7a35ticsg324-1L

Xc7a35tcpg236-1

xc7al5tepg236-1

Xc7a35tcpg236-1

Xc720075¢lg400-1

Board Rev:

1/0 Pin Count

324

Latest

Board Rev

co

co

B.O

B.O

B.O

Availab
~

210

100 el https://digilent.com/reference/software/vivado/board-files

106
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Vivado - Flow Navigator

Generates the binary file that contains the
configuration data to program an FPGA

Flow Navigator &2
v PROJECT MANAGER
£+ Settings
Add Sources
Language Templates

<F IP Catalog

v IP INTEGRATOR
Create Block Design

Open Block D

e Block Design

v SIMULATION

Run Simulation

v RTL ANALYSIS
» Run Linter
| > Open Elaborated Design

v SYNTHESIS

P Run Synthesis

> Open Synthesized Design

v IMPLEMENTATION

» Run Implementation

> Open Implemented Design

v PROGRAM AND DEBUG

¥ Generate Bitstream

v Open Hardware Manager

Open Target

Program Device

Add Configuration Memory Device

/ Displays an abstract schematic of your design

Opens the connected FPGA device to program
/' it. Don’t forget to switch on the FPGA!
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Verilator

ssh -X [csd_host]

Follow the site instructions

Modify the Makefile prototype for each new simulation
Must check simulator flags in source files!

ERCS=1ab0_tb.sv 13b0_top.sv counter.sv
TOP_MODULE=1ab0O_tb

HY220_TOOLS_DIR=~hy220/tools
include $(HY220_TOOLS_DIR)/common/Makefile.include

17



Switch to demo

Various module examples

Hierarchy of files for design and simulation
always_comb vs always_ff

synchronous vs. asynchronous reset
Debugging and waveforms

Synthesis & implementation steps
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